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PREFACE 
This book is concerned with the role of people in complex man- 

ufacturing systems, the design of equipment and facilities for ef- 
fective human use, and the development of environments for 
productivity and safety in a variety of contemporary industries. 
The field of human factors and ergonomics in the manufacturing 
sector has developed and broadened considerably since its incep- 
tion more than 50 years ago. Recently, a substantial body of knowl- 
edge has been generated in many areas of ergonomics applications, 
including the four main issues that we focus on in this book: 

Methods for ergonomics job design and evaluation; 
Cumulative trauma disorder and low back injury prevention; 
Organization and management of ergonomics efforts; and 
Worldwide corporate ergonomics activities. 

The foregoing clearly shows how broad the field of manufactur- 
ing ergonomics has become today. Thus, this book should be of 
great value to all ergonomics and human factors specialists, man- 
ufacturing engineers, industrial hygienists, plant managers and 
supervisors, team leaders, labor unions, human resource special- 
ists, and health and safety professionals. 

The 28 chapters of this book have been written by the foremost 
authorities from industry, government, and academia, represent- 
ing eight of the world’s leading manufacturing countries. 

Each chapter is heavily tilted toward manufacturing applications, 
and a significant number of case studies, examples, figures, and 
tables are utilized to facilitate usability of the material. 

The effective use of ergonomics knowledge presented in this 
book should help the reader achieve such contemporary manufac- 
turing objectives as increased productivity, better workplace de- 
sign, decreased cost of work-related accidents, and higher quality 
of working life. 

We had the privilege of working on this book project with Larry 
Binstock, the SME Editor, who significantly facilitated our editori- 
al work. We would also like to acknowledge the invaluable assis- 
tance provided to us during preparation of this book by our most 
able assistants, Laura Abel and Kim Gilbert. 

Waldemar Karwowski Gavriel Salvendy 
Louisville, Kentucky West Lafayette, Indiana 
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CHAPTER 1 

ERGONOMICS IN PLANT 
0 PE RAT1 0 N S 

Gavriel Salvendy 
NEC Professor of Industrial Engineering 
Purdue University 
West Lafayette, IN 

Ergonomics focuses on the role of humans in complex systems, 
the design of equipment and facilities for human use, and the de- 
velopment of environmental comfort and safety. Thus, ergonom- 
ics must be part of, and not a supplement to, effective design and 
operation of facilities. Table 1-1 shows the broad application of er- 
gonomics in the workplace and the powerful impact it can have 
when effectively managed. 

To achieve this objective, the ergonomics function in an organi- 
zation must be placed under a reasonably high management posi- 
tion so that decisions about ergonomics intervention can be made 
promptly and effectively, with complete and full support of all 
management levels and the total workplace. The manager of the 
ergonomics function must have complete authority and the neces- 
sary financial resources to take full responsibility for effective 
implementation of ergonomics. 

The ten steps toward successful ergonomics are listed in Table 
1-2. They must be effectively integrated with the ten steps on how 
to win in a competitive marketplace, which appear in Table 1-3. 

Where the ergonomics function is placed in the organization will 
dictate its function, effectiveness, and overall usefulness to the 
organization. It can be part of product design, manufacturing, or 
personnel. When it is part of product design, the main function of 
the ergonomist is to make the product more user-friendly, which 
may increase customer satisfaction and, depending on other fac- 
tors, increase market share. In contrast to these product ergono- 
mists, the process ergonomists are concerned with designing the 
process to increase safety and health of workers, as well as produc- 
tivity, quality, and profitability of the corporation. When ergonom- 
ics is part of the personnel function, the main emphasis of the 



Table 1-1. Ergonomics in the workplace (Salvendy 1997) 

Job design 
*Allocation of functions 
*Task analysis 
*Mental work load 
*Job and team design 

Participatory ergonomics 
*Models in training and instruction 

Computer-based instruction 
Organizational design and 

Socially centered design 
macroergonomics 

€quipment, workplace, and 
environmental design 
*Visual displays 

Controls 
Nonconventional controls 
Biomechanical aspects of 

Noise 
Vibration 
Illumination 

*Toxicology and thermal comfori 
Climate and clothing 
Design for macrogravity and 
microgravity environments 

*Architecture and interior design 

workplace design 

Design for health and safety 
Occupational risk management 

*Work schedules and sustained 

Psychosocial approach in 

*Manual materials handling 
Work-related musculoskeletal 
disorders (WMSDs) of upper 
extremeties 

*Warnings and risk perception 

performance 

occupational health 

Performance modeling 
Decision making 
Feedback control models: manual 
control and tracking 

Supervisory control 
Cognitive modeling 

*Computer modeling and 

Decision support systems 
simulation 

Evaluation 
Data-collection and evaluation 

Exploratory sequential data 
of outcome measures 

analysis: qualitative and 
quantitative handling of 
continuous observational data 
System effectiveness testing 
Usability testing 
Mai ntai nu bility 
Human factors audits 

*Assessing cost/benefits of human 
factors 

Human-computer interaction 
Design of computer terminal 

Software-user interface design 
*Virtual environments 
Social computing: computer 

workstations 

supported cooperative work an 
groupware 
Human factors in information 
access of distributed system 
Multi-media 

Selected applications of human 
factors 

Human factors in manufacturing 
Human factors in automation 
Human factors in process control 
Human factors in transportation 
Design for people with functional 
limitations due to disability, aging, 
or circumstance 
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Ergonomics in Plant Operations 

Table 1-2. Ten elements for ergonomics contributions to win 
in a competitive marketplace 

Flat organizational design 
Continuous training 
Compensation for knowledge 
Job design 
Workplace design 

Optimizing psychological stress 
Lowering back injuries 
Reducing carpal tunnel syndrome 
Personnel selections 
Ergonomics audits 

Table 1-3. Ten commandments on how to win in a 
competitive marketplace (Salvendy 1992) 

Get people on your side 
Emulate the best 
Use short interval scheduling 
Diversification: products and customers 
Design and manufacture for customers’ needs 
Investment in research and development 
Use human resource accounting 
Design products for human use 
Use adaptive products and processes 
Use system integration 

ergonomist is the health and safety of the workers. Whereas when 
ergonomics is a part of the manufacturing function, the major thrust 
of the ergonomist is to increase quality, productivity, and profit- 
ability. Frequently health and safety come into consideration if their 
inclusion helps increase quality, productivity, or profitability. 

The number of ergonomists needed per facility depends on the 
number of people at each facility, homogeneity and heterogeneity 
of the facility’s population, complexity and diversity of products 
manufactured, complexity and diversity of the manufacturing sys- 
tems, and social, cultural, and environmental factors affecting prod- 
uct design and work processes. The total number of engineers 
employed at a facility is a good indicator for the variables. The 
number of ergonomists needed per facility to achieve safe and 
healthy work environments, together with high quality and pro- 
ductive work with increased profitability, is based on the diversi- 
fied set of the author’s experiences in more than 20 countries with 
different facility sizes and cultures (Table 1-4). 
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Ergonomics in Manufacturing 

Table 1-4. Number of ergonomists needed per facility 

I Category of evaluation Ergonomists per engineer 

All facilities 
Best 10% of facilities 

One ergonomist per 21 0 engineers 
One ergonomist per 80 engineers 

It is important to note that the better managed, most profitable 
facilities where employees have the highest motivation level, em- 
ploy the most ergonomists per engineer; the least profitable facili- 
ties, with the lowest morale, employ the fewest ergonomists per 
engineer. 

How is your facility managed? How profitable is it? How high is 
worker morale? If you are in doubt, the first effective step is to 
conduct an ergonomics audit, which, depending on the facility size, 
can take from one to five days. The outcome of the audit will pin- 
point potential areas for improvement. 

REFERENCES 
Salvendy, G., ed. Handbook of Human Factors and Ergonomics, 2nd Edition. New 
York: John Wiley & Sons, 1997. 
Salvendy, G., ed. Handbook of Industrial Engineering, 2nd Edition. New York: John 
Wiley & Sons, 1992. 
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CHAPTER 2 

PARTI C I PAT0 RY E RGO N OM I CS-A 
PRACTICAL GUIDE FOR THE PLANT 

MANAGER 
Donald Day 
Consultant in Ergonomics and Health Promotion 
Greenwood Village, CO 

In the late 1970s and early 198Os, Eastman Kodak began an end- 
less journey on the road of quality and employee-based processes. 
Anyone who has been in business the last 20 years knows the var- 
ious philosophical changes corporate management and leadership 
have initiated and, in some cases, implemented. Some of these 
programs came and went relatively fast, often dubbed program of 
the quarter or month. The only programs still remaining as part of 
the overall process are those that 1) evolved with the culture or 
blended with other processes and kept pace with management and 
leadership philosophies, 2) had good basic processes to support 
them, and 3) had some form of participation from affected employ- 
ees. By nature, these programs generally are a process. 

That was very much the philosophy of the Eastman Kodak Er- 
gonomics Group from 1970-80 (Rodgers 1983). It made sense. And 
better than that, it worked! What was done at Eastman Kodak as a 
best practice was participatory ergonomics, even though it did not 
have a label at that time. 

WHAT IS PARTICIPATORY ERGONOMICS? 
Participatory ergonomics is a hybrid of other organizational ef- 

forts designed to accomplish more than just ergonomics (Fig. 2-1). 
Employees from all levels, functions, and organizations work and 
communicate collectively in functional or natural groups or teams, 
using ergonomics as a forum. Through the participatory ergonom- 
ics process, a commitment is made to agree upon and attain desir- 
able outcomes for: 

Organizations and work systems (or macroergonomics); and 
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Figure 2- 7 Organizational and functional considerations and needs. 

Workstations and specific tasks and jobs associated with them 
(or microergonomics) (Hendrick 1987; Imada and Nagamachi 
1995; Nagamachi 1995; Wilson 1995). 

T H E  BENEFITS 
One common question-what can ergonomics, more specifically, 

the participatory ergonomics approach, do to enhance the organi- 
zation and work for our business and employees? The answer de- 
pends upon where your company, functional groups, employees, 
and you as the leader are when considering multiple factors that 
influence participatory efforts. 

The demands of work must be matched to worker capabilities 
and capacities, and the influence the organization and work sys- 
tems have on the work and worker. The overall benefit, as seen in 
Figure 2-2, is a balance of work demands to employee capabilities 
and capacities within the company culture, organizational style, 
and work systems. Benefits of general participatory programs have 
been well established (Shenvood 1988; Pasmore 1990; Allen 1991; 
Proctor 1986; Auguston 1989), and participative ergonomics pro- 
grams have some of those same benefits. 
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Many benefits of participa- 
tion efforts, and therefore par- 
ticipatory ergonomics, are 
difficult to measure and sub- 
stantiate due to some of the fol- 
lowing concerns or situations: 

Being unaware of the ef- 
fect or relationship of how 
work is organized and its 
influence on the possible 
benefits; 
Variations in work and in- 
dividuals lead us to as- 
sume benefits can’t be 
measured; 

Worker Workplace 
capabilities demands 

Culture, organizational style, 
and work systems 

Figure 2-2 The participatory ergonomics 
balance. 

Change occurs, adding variance to the study; 
Poor control or other influences may cause the outcome to be 
unclear; 
Not wanting to share information on these studies because it 
did or didn’t work; and 
Not having good measurement processes for such parameters 
as quality or productivity. 

Benefits may be difficult to measure, but there are certain points 
that leadership will gravitate to when considering specific benefits 
of participatory ergonomics (Rodgers 1984): 

1. More employees can view and understand each job, which in 
turn creates a better work process through a more knowledge- 
able work force. 

2. Ergonomics is an excellent communications platform. In a 
participative process, ergonomics provides more and improved 
communications to all levels, functions, and organizations. 

3. There are more satisfied, committed, and motivated employ- 
ees who accept responsibility and ownership of their work and 
workplace. Participation is perceived by the employee as im- 
proving his or her quality of work life (Della-Giustina and 
Della-Giustina 1989). 

4. A better understanding of injuries and illness parameters by 
employees results in decreased injury and illness incidents 
associated with work and nonwork situations. This can result 
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in reduced workers’ compensation costs, as well as health care 
costs and hidden costs associated with these incidents. 

5. Employee knowledge is enhanced about the realities of work 
and work systems, including business, technology, and cost 
issues through application of participatory processes in the 
ergonomic process. 

6. There are decision-making and process-setting capabilities re- 
alized by involving the employees in participatory ergonomics. 

7. Increased organizational health, resulting in decreased absen- 
teeism, less turnover, enhanced employee performance, short- 
er and more effective job training, and fewer complaints or 
grievances. 

8. Participatory ergonomics is an excellent vehicle for beginning 
an ergonomics initiative as well as to implement general par- 
ticipatory processes. 

Gains from technical advances to increase productivity and qual- 
ity goals may have gone as far as they can without utilizing a com- 
pany’s main resource-people (Shenvood 1988). More companies 

Work- and Nonwork-related Health Care Interaction 

An example of this mixing of work and nonwork related 
cases comes from the findings of a review of health care cost 
utilization and workers’ compensation cases of a plant with 
3,200 employees. The results showed that musculoskeletal in- 
cidents accounted for the largest percentage of cases relating 
to the work environment with psychosocial cases being the 
second highest. A parallel review of the general health care 
cost utilization indicated that the largest percentage of cases 
involved the personal health of the employee as a result of 
psychosocial issues and the second highest percentage was 
musculoskeletal incidents. 

There very well may be some sort of relationship between 
the musculoskeletal disorders in these two categories that af- 
fects the employee as well as the employer, whether it is work- 
related or nonwork-related, considering the overall health care 
costs. As a result, programs were developed to address both 
work- and nonwork-related health and safety issues. 
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are moving toward employee participative programs to get more 
involvement and cooperation from the available work force. 

Utilizing a participatory approach with the ergonomic process 
itself can help in attaining some of the following benefits: 

1. Meeting existing and proposed regulatory requirements (ADA, 
OSHA, ANSI 365) for participation of employees in health and 
safety programs and ergonomics, and accommodation of dis- 
abled employees. 

2. Removing the mystery of ergonomics. 
3. Generating more effective and longer lasting ergonomic 

changes with practical ergonomic analysis and sound prob- 
lem solving methodology (Rodgers 1984). 

Participatory ergonomics should not be used as a panacea. It 
does have limitations. But participatory ergonomics can be a more 
effective approach to this multifunctional science and should be 
used as a tool common to safety, productivity, and quality-enhanc- 
ing efforts in all business and industrial functions. 

IS PARTICIPATORY ERGONOMICS BEST? 
You can have an ergonomics program without it being participa- 

tory. There are those who believe the longer lasting benefits of par- 
ticipatory ergonomics far outweigh any downside. But it may not 
be appropriate in all cases. So, don’t feel compelled to adopt partic- 
ipatory ergonomics, especially if you or your leadership staff, su- 
pervision, employees, or union (if applicable) meet some of the 
following criteria: 

Employee Participation in 
Proposed Regulatory Programs 

The 1989 OSHAVoluntary Safety and Health Program Man- 
agement Guidelines set expectations for company safety and 
health programs based on the degree of employee participa- 
tion in the following elements: 

Development of the program including conducting 
training and education; 
Workplace audits including collecting data; 
Program reviews; and 
The authority to stop activities when deemed 
hazardous. 
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Production 

Union 

Management 

Supervisor 

Engineer 

Employees 

1. May stand to lose or gain to a substantial degree, especially 
when compared to other groups, with the adoption of partic- 
ipatory ergonomics. It should be awin situation for all groups. 
See Table 2-1. 

Table 2-1. Potential gains and losses in developing a participatory approach 

Driving force 
Awareness 

Seen as "team" player 

*Makes job easier 
*More commitment 

*Makes job easier 
Can delegate more 

*More as a "coach" 

*More assessable 
More interaction 

*More control in their job 
*More input 

Affected groups I Gains Losses 

*Measured for value 
Increased resource allocation 

Less need as employee 

*Measured for value 
representative 

Less (different) control 
*More direct reports 
*More commitment 

Less (different) control 
Less need as level 

*More as a "coach" 

*Additional work generated 
Less (different) prestige 
More assessable 
More responsibility 

*Measured for value 

2. Not willing or able to commit to a participatory ergonomics 
effort. 

3. Want to adopt participatory ergonomics for the wrong reasons 
(weaken the union, lessen management influence, exploit 
workers). 

4. Want to adopt participatory ergonomics knowing that it will 
fail by their own actions, actions of others, or circumstances 
(Garrigou et al. 1995). 

ASSESS READINESS 
A preliminary assessment of management, social, and cultural 

aspects of the employees and company regarding ergonomics and 
participatory processes is required when a facility is considering 
participatory ergonomics. This can be facilitated by an outside or 
internal consultant or by self-assessment tools. 
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First, consider your thoughts about ergonomics in general. Even 
if your facility has a program, go to seminars or visit other facili- 
ties doing ergonomics to see if they use the participatory type. Talk 
to experts and consultants to gain their perspective about ergo- 
nomics and participatory processes. 

Second, assess your values and beliefs toward participation pro- 
grams. You need to be personally committed. If you don’t want 
participation or aren’t willing to nurture the effort, it will not begin 
to develop. 

Third, consider the culture of your company and your facility 
and how it will react to participatory programs and ergonomics. 
Gain as much information as possible to allow you to make this 
important decision. 

Table 2-2 may assist you in evaluating your management style 
and the culture of your plant. Your management style will influ- 
ence employee participation in ergonomics and other health and 
safety efforts in your facility. 

Following are some additional thoughts for determining wheth- 
er you and your plant are ready for participatory ergonomics: 

If you and your company already subscribe to the philosophy 
of participatory efforts, adding an ergonomics component will 
be relatively simple. 
If you and your company already have an ergonomics effort 
in place, transforming the effort to participatory should be a 
natural and effective enhancement to your program. 
If you believe in ergonomics and the participative efforts, but 
the company culture doesn’t, the change will be a challenge 
and might be more successful with limited pilot efforts. 
If you believe in ergonomics, but your company doesn’t, you 
will have to measure the efforts and processes to gain their 
trust and show benefits to gain their commitment. 

MOVING TOWARD PARTlCl PAT0 RY ERGONOMICS 
Generally, until your company’s culture is very aware and trust- 

ing as well as accepting of change, utilizing an outside source, such 
as a consultant, to facilitate and guide change will probably be most 
effective. But this depends upon the factors that influence change 
toward adopting participatory efforts. If conditions are not right 
for change, or there isn’t some driving force facilitating the change, 
you may want to first use pilot programs or another ergonomic 
model before evolving to participatory ergonomics. 
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Confidence in 
subordinates 

Table 2-2. Management styles and their characteristics 
(Kavianian, Roe, and Sanchez 1989) 

Yes 

Style 

Substantial 

Characteristic r Participative 

Condescends 

I Authoritative 

Free to 
communicate 
upward ? 

Consultative I~enevolent 

Yes 

Exploitive 

Communication 
Down, up, 
and sideways 

None 

Down and up Mostly down 

Not much 
freedom 

Accuracy of 
upward 
communication Accurate 

Mostly 

Decision making 

None 

Throughout 
organization 

I Ideas sought? I Yes, always 

To some 
extent 
throughout 

Usually I Sometimes 

Top and 
middle 
management 

Seldom 

Informal 
organized 
resistance? None 

Down 

Commitment 
High at 
all levels Some 

Limited 
accuracy 

Little except 
for individuals 

Censored 
for boss 

Tra in i ng 

Often 
wrong 

Many aspects 
of business, at 
various levels 

Integration of 
processes 
functions 

TOP 
management 

At operator 
level 

Orders, after 
some 
discussion 

Moderate 
delegation 

Orders, some 
comment 
invited 

Relatively 
high at top 

BY group 
Orders issued 

At top only 

Sometimes Usually Always 

Very little 

Some across 
functions with 
guidelines 

Some with 
much 
justification 

Very little 
outside of job 
responsibilities 

Given to 
specialist 

Guarded withir 
department 

Very guarded, 
no crossover 
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Use Other Experiences to Help Your 
Participatory Ergonomics Efforts 

In a plant of 800-plus employees, a major effort was made 
to implement a total quality management (TQM) process in a 
participatory manner. Because the middle management and 
leadership, as well as department heads, did not generally 
believe in the principles and tools of TQM, or because they 
were not measured as to implementation and longevity of the 
process, TQM died a slow but certain death. The production 
management levels were not involved in developing the overall 
TQM process. The TQM process was being presented and 
directed by the human resource organization rather than the 
production organization. These factors all contributed to the 
demise of the TQM effort in this company. Whether conscious 
or unconscious, the employees at all levels felt they and the 
TQM process were set up to fail. Passive subversiveness can 
overcome even the wishes of company presidents. 

The plant manager’s role in the ergonomics process is to cham- 
pion the ergonomics goals to ensure buy-in and commitment at 
levels. He or she has the power to subtly help mold the direction 
and level of importance of the ergonomics effort. 

As many functional aspects of your company as possible should 
participate in developing the overall ergonomics effort. All employ- 
ees, directly or indirectly involved with the effort, should be aware 
of the limitations and pitfalls. Participatory ergonomics may not 
always work the exact same way for all facilities and companies. 
Everyone will be more accepting, committed, and realistic when 
beginning the ergonomics effort if they know there is some struc- 
ture and flexibility in the overall process. 

GETTING STARTED 
As with most programs and process efforts, participatory ergo- 

nomics should be implemented with a well-thought-out plan. Plan 
the introduction process and follow it, but be flexible and have 
milestones to help measure the implementation process. All stake- 
holders and parties should be involved and prepared for the par- 
ticipation process as much as possible to ensure a smoother 
implementation. 
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Efforts to establish fertile groundwork and strong cornerstones 

Determine what value participatory ergonomics can deliver 
to each of the stakeholders and involved parties and commu- 
nicate those points. (What is in it for me?) 
Introduce to leadership staff for discussion, planning, and 
ownership. Upper level management should be educated and 
persuaded to begin the commitment towards participatory 
ergonomics (Brown 1990). Objectives for educating the man- 
agement and leadership levels should include the following: 

would include the following concepts and steps: 

1. Know what participatory ergonomics is. 
2. Know the benefits of participatory ergonomics. 
3. Know the structure of participatory ergonomics. 
4. Understand the resource (time and personnel) require- 

ments for participatory ergonomics. 
5. Know what is required to maintain participatory ergo- 

nomics. 
6. Know the basic signs and symptoms of musculoskeletal 

disorder (MSD). 
7. Know the response and tracking mechanisms for occu- 

pational health for your facility, including medical case 
management, transitional work, and return to work. 

8. Know the process for identifying and solving problems 
using ergonomics. 

9. Know and understand management’s role and responsi- 
bility in the participatory ergonomics process. 

10. Know and understand how management will be mea- 
sured and held responsible for the participatory ergonom- 
ics process. 

Most of these same points should be applied in educating all lev- 
els of the organization about the participatory ergonomics process. 
Select a member of the staff to sponsor the process. Good project 
management skill is a desirable capability for this champion. 

Ideally, the champion and core leadership team should set 
goals, roles, responsibilities, boundaries, and accountabilities 
for each involved party. Steps must be taken to involve man- 
agement, leadership, and supervision in developing and im- 
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plementing such efforts, and to hold them accountable for 
these efforts. This can be difficult for certain individuals as 
they may feel they have lost their power. 

In assisting top management in this effort, plant managers 

1. Take the road blocks down. 
2. Have patience. In change processes, slower change is gener- 

ally more complete and longer lasting. 
3. Do not let the process drag on forever. Appropriate measure- 

ment intervals should be established to help facilitate change. 
Set goals and timelines for the effort. 

4. Education efforts should be delivered in different amounts to 
all levels. 

5. Intraorganizational and interorganizational issues should be 
identified and addressed. 

6. Agree on the process, structure, boundaries, budget, resourc- 
es, etc. 

7. Assess current communications issues for all levels and orga- 
nizations, and establish enhancement strategies and efforts 
to aid the ergonomics process. 

8. Select a usable ergonomics analysis system and concentrate 
on practical and economical ergonomic solutions. The most 
effective and long lasting results often stem from problem 
solving efforts during the process. 

9. Work with key levels in leadership as well as functional sup- 
port groups to establish commitment and support for the over- 
all process. 

10. Find key people-facilitators, steering committee members, 
and process coordinators. At times, gentle persuasion or out- 
right sneaky efforts should be applied to get the best individ- 
uals, strategically selected, to become involved. However, be 
cautious; many times these individuals are already overload- 
ed with other team duties. 

11. Establish seed money and a budget to account for the resources 
and needs for travel, training, measurement devices, and tools 
for the ergonomics team as well as the initial fixes they deter- 
mine. Track and review this effort. Don’t let it continue so long 
that you create a dependent process. 

should consider the following steps (Sherwood 1988): 
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Plant 
ergonomics 

teams 

12. Establish communication processes early, including written, 
verbal, and review processes to inform and gain buy-in from 
employees on the implemented ergonomic solutions. 

13. As often as possible, review your plans for avoiding pitfalls 
and develop back-up plans should pitfalls occur. 

Ergonomics Process and Structure 
Several key elements should be folded into an ergonomics pro- 

cess. First and foremost there should be structure (Fig. 2-3), which 
gives the ergonomics effort legitimacy in the eyes and minds of 
the leadership and employees. 

Consultant in 
ergonomics 

Figure 2-3 Participatory ergonomics process structure. 

The structure helps facilitate the participative effort as a change 
agent. The structure should be flexible, allowing continuous im- 
provement to evolve as a long lasting initiative for the company. If 
there is no structure, these initiatives will not be long lasting. 

Although it is beneficial to have many workers directly repre- 
sented in a participative team effort, it may not be feasible. How- 
ever, workers could be involved in varying levels by participating 
as ad hoc members when actually analyzing their workstation in 
the problem-solving analysis session. 

Develop proactive communication with designers, planners, and 
schedulers and encourage them to apply ergonomics principles in 

16 



Participatory Ergonomics-A Practical Guide for the Plant Manager 

Basic Structural Considerations for a 
Participative Ergonomics Model 

Ergonomics Steering Committee (ESC) 
-Focus on macro versus microergonomics. 
-Has and can transfer authority. 
-Can break barriers, run interference. 
-Sets boundaries. 
-Plan for long-term program needs and direction of 

-Considers business issues and the relationship with 

Coordinator and facilitators should be good listeners, 
delegators, and project managers and should under- 
stand other business issues and needs. 
Plant Ergonomics Team (PET) or Departmental Ergo- 
nomics Team (DET) 
-Focus on micro versus macroergonomics. 
-Has been given authority. 
-Regular progress reports made to ESC. 
-Responsible for effort on a day-to-day basis. 
-Makes recommendations to ESC. 
-Integrates with other business initiatives. 
-Overall responsibility for direction of 

organizational/departmental ergonomics. 
-Involves employees off the line as ad hoc members 

to help PET or DET with specific ergonomics 
projects or when analyzing their workstation. 

ergonomics process. 

ergonomics. 

designing for manufacturability to enhance work. This should be 
a separate, but integrated, effort from the reactive ergonomics ef- 
forts to redesign work and workplaces. Allow the ergonomics team 
(Fig. 2-4) to participate with this effort as well. 

Team Parameters 

team boundaries and parameters. 
The following points should be kept in mind when considering 

1. Use other teams, such as quality and injury reduction, that 
have already been established to help supplement the ergo- 
nomics effort. Even if these other teams are not given direct 
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Production Tooling Safety Others 

Engineering Maintenance 

Figure 2-4 Participative team effort. Teams should contain a variety of functions and 
authority levels. 

ergonomics projects, at least involve them as often as possi- 
ble, perhaps through regular meetings. 

2. Keep in mind all the initiatives to better integrate ergonomic 
efforts and teams into business and the bottom line. 

3. In establishing meeting lengths and frequencies, keep the 
following in mind: 

Initial efforts should be more frequent, with meetings held 
at least every other week; 
Give the team enough time for practice and practice to gain 
confidence; 
One hour every week may not be a long enough time frame 
to meet, but it does keep the ergonomics effort fresh in the 
minds of leadership; 
Tfvo hours allow for enough concentrated effort, but don’t 
detract too much from production duties; 
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When processes mature, the team should still meet at least 
once a month; 
Special needs teams can meet more often, or as needed. 

4. Set and keep meeting agendas, take and keep notes, and main- 
tain an ergonomics project file. 

5. Team size should be 4-6 regular team members. Too small a 
team is viewed as a special interest project; too large and it 
becomes unmanageable. 

6. The team can include two members from the affected work 
area and can recruit additional members from various other 
support departments. 

7. The team should be primarily employees/operators that do 
not hold leadership positions. 

8. Develop specific technical assistant networks for the team, 
including EHS, engineering, purchasing, and finance. 

9. Have the teams report out to area or department leadership 
and plant leadership either after projects are completed or on 
a regular basis (at least once a month). 

10. Train as a team to build capability as well as compatibility. 
Work as a team to facilitate the team learning curve. 

The team should have a process or road map for analyzing work 
and workstations, clarifying and focusing on the problems, and 
arriving at better, longer-lasting solutions. 

ANALYSIS PROCESS 
The analysis process should be a road map-giving consistency 

and a standard methodology in approaching as many workplace 
tasks and situations as possible across all organizations in your 
facility. Whatever the analysis process, it can be very important for 
initiating and maintaining an effective ergonomics effort. An ef- 
fective analysis process will incorporate some of these steps (Rodg- 
ers 1989; Day and Rodgers 1992): 

1. Focus the team’s efforts. 
2. Enhance leadership awareness and appeal to the logic of do- 

3. Be simple enough for nontechnical individuals to understand. 
4. Basic problem-solving steps, including a) identification of the 

concern or problem, b) identification and integration of con- 
tributing factors (possible root cause), and c) identification of 
alternative solutions. 

ing business. 

19 



Ergonomics in Manufacturing 

The analysis process should not leave out the scientific princi- 
ples of ergonomics. 

If you overanalyze or overcontrol, you reduce participation. Gen- 
erally, this also takes longer and creates a negative response from 
leadership and technical support. Likewise, if the analysis process 
is very technical and inflexible, it will be seen by the employees as 
not trustworthy. If the analysis process is oversold or subjective, it 
will be viewed as untrustworthy by all personnel. If the analysis is 
just brainstorming or just a quick fix, it may not address the root 
cause, thus bypassing the science of ergonomics. 

There are different ergonomic analysis models as well as ave- 
nues to consider for the analysis. The “Workplace Analysis Process 
Flow” (Fig. 2-5) should be relatively easily understood by the ergo- 
nomics team. Participation occurs throughout the process, but par- 
ticularly during the observation, fatigue analysis, and problem 
solving steps. This particular flow is primarily for repetitive work. 

Basic considerations for analysis (Fig. 2-6) would be the following: 
1. Due to all the different situations and contributing factors 

addressed by the science of ergonomics, integration of the 
various issues and analysis methodologies must be consid- 
ered. Ergonomics can influence 80-90% of the quality and safe- 
ty factors of the problems analyzed. 

2. Have options for different workplace analysis needs such as 
quality, safety, nonrepetitive and repetitive work. 

3. After the data collection and review, survey/workplace mea- 
surements, and initial analysis have been completed, a prob- 
lem solving approach should be applied by the analysis teams. 

4. For those situations that require more technical study, experts 
or consultants can be brought in to help facilitate or perform 
the analysis. However, the expert must work closely with the 
analysis teams. 

KEEPING IT GOING 
Ways and means of keeping an ergonomics process going and 

adding fresh ideas for the longevity of the process are many, but 
they won’t work in all situations and cultures. The following points 
are specific to keeping an ergonomics process going: 

1. Make a plan, review it, work it, and measure against it. 
2. Occupational health, ergonomics, safety, and industrial hy- 

giene need to show value added to the business. 
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In i u ry/illnejs Complaint Quality other concern 

Ergonomics workplace analysis team 

Data collection and review Survey/workplace measurements 

J- J: 
Ergonomics, safety Observe, interview, 
quality, medical, measure, video ... 
Workers’ Compensation ... J- 

J- 

J- 

4 
J- 
J- 

J- 

+ 
J- 

Job Fatigue Analysis 
(Rodgers 1988) 

Problem solve 
(reality check) 

Cost/be n e fi t 
(best alternative) 

Implementation plan 

Implement controls 

Job Fatigue Analysis (2nd) 
(Rodgers 1988) 

Re-evaluation 

To ergonomics-Ergonomics 
coordinator case study 

Monitor 

Follow up 

Figure 2-5 Ergonomics workplace analysis process flow (Adapted from S. H. Rodgers 
1988 and 1992). 

3. Once the team has the capability, allow members to train the 
rest of the plant employees in general ergonomics awareness. 

4. These same team members can train other teams or new team 
members to problem solve. 
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Quality Error Safety Injury Illness 

Ergonomics workplace analysis team 
Data collection Survey/workplace measurements 

J. 

4 4 4 4 4 4 
3uality Safety 
malysis analysis Workplace OfficeNDT Nonrepetitive Repetitive 

Anthropometrics Ma.nual handling Job 
Layout design - Lift/lower fati ue 

Action workout 
CAD overlay Kodak (20 

Others Others 

TQM Job 

Others analysis WO+ low - Push/pull anclysis 
1. Eastman (18, 19) 

safety 

Others vision 2. NlOSH (21) 

4 
Problem solve 
(reality check) 

4 
Codbenefit 

(best alternative) 

Implementation plan 

Implement controls 

Job Fatigue Analysis (2nd) 
(S.H. Rodgers, 1988) 

Re-evaluation 

4 
4 
4 

4 
4 
4 

To ergonomics-Ergonomics 
coordinator case study 

Monitor 

Follow-UP 

Figure 2-6 Considerations for the workplace analysis process flow. 

5. Implementation should be the responsibility of the engineer- 

6. Rotate team members so they do not stagnate or burn out. 
ing/facility/maintenance. 
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7. 

8. 
9. 

10. 

11. 

Stagger or overlap when team members leave the team so that 
a team is not comprised of just new members. 
Experienced members can coach new members. 
Allow the team to be involved with special projects such as 
occasional on-site vendor shows, trips to other companies and 
plants, and trips to seminars and shows such as those with a 
focus on tooling or manual handling devices. 
Share successes through general communication tools, (may- 
be with a special “ ergo day” attended by all plant personnel). 
Audit or review accomplishments and needs against the in- 
ternal ergonomics program on a regular basis. 

Be patient. These types of cultural changes can take three to 
four years to develop. One major company has seen it take 10 years 
to develop the culture needed to implement design for manufac- 
turability. Some companies have stated that it is a never-ending 
journey of continuous improvement. 

MONITORING PROGRESS AND EVALUATING THE PROCESS 
Procedures and mechanisms should be developed to evaluate 

implementation of the program and monitor progress. Programs 
to address the concerns identified within the data are an integral 
part of ergonomics and safety performance management at both 
the organizational and departmental levels. This effort in ergonom- 
ics and safety performance measurement is an important step in 
the goal of providing: 

An ergonomics and safety program based on quality manage- 
ment principles and business needs; and 
An aid toward empowering working teams with the knowl- 
edge and tools to better perform their ergonomics and safety 
responsibilities. 

You may want to utilize an expert in the participatory sciences 
or in participatory ergonomics to assist you with the employee sur- 
vey design and administration. 

Data 
Evaluation may include the following data: 
Injury and illness record analysis. Identifies high risk jobs and 

monitors trends over time, utilizing OSHA 200 injury and illness 
records, workers’ compensation claims and costs, and safety man- 
agement reports. 
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Employee surveys. All employees or targeted groups could be 
surveyed for symptoms of musculoskeletal discomfort and other 
organizational health concerns. These surveys can be done on a 
more frequent basis early in the initial phases of the ergonomics 
process, and then less frequently as time goes on. 

Facility plant organization evaluations. Mechanisms should be 
developed to follow through on identified problem areas. Time lines 
should be established and used to ensure ergonomics projects are 
completed on a timely basis. 

Ergonomics process and projects loglmanagement. Each orga- 
nization could maintain a log that tracks identified ergonomic is- 
sues by project management processes, such as responsibilities, 
needs, milestones, time lines, and effectiveness. 

Some measurement bias will affect the evaluation results due to 
such factors as: 1) previous exposure to ergonomics and participa- 
tory efforts; 2) corporate culture; 3) importance placed in the pro- 
gram; and 4) behavior in the target population and areas to be 
studied. Since there is generally some increase in reporting inci- 
dents and concerns when a program is initiated, these points should 
be considered when planning, developing, and maintaining an er- 
gonomics management program. 

METHODS 
Descriptive, as well as goal fulfillment, methods should be the 

preferred means to measure effectiveness of the ergonomics man- 
agement program. 

Descriptive Measurement Criteria 
Current rates and numbers should be compared to past rates 

and numbers prior to implementing the ergonomics process. F'ix- 
es and projects for specific ergonomic issues should be identified 
within the organization or workplace and evaluated for effective- 
ness. Periodic analysis, monthly and/or quarterly and annually, 
should be done using past rates and numbers before any new ergo- 
nomics program is implemented. Acting as a benchmark for mea- 
suring improvements and program effectiveness, the analysis 
should include: 

1. Injury and illness categories, including nature of incident, 
body part involved, activity being done, type of activity, and 
source of the incident. Give other employee details such as 
years with company, shift, time of day, and supervisor to iden- 
tify specific ergonomic concerns. 
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2. OSHA incident rates compared to similar SIC codes, number 

3. Worker compensation incident numbers, time to maturation 

4. Worker compensation costs, including total dollars as well as 

of cases, lost time, and restricted cases. 

and time to close. 

dollars per case. 

Goal Fulfillment Measurement Criteria 
Goal fulfillment measurement criteria may be the best method 

to assess the participatory aspect of participatory ergonomics. Much 
of the desired change will be related to the culture of the company, 
perception, and behaviors of the employees. Such goals would in- 
clude the improvement of: 

Job satisfaction-teamwork, self management; 
Quality of product-less poor product missed, or good prod- 
uct reworked; 
Productivity-increase throughput, etc.; 
Quality of work life; 
Accommodation of injuredill worker-quicker and more suc- 
cessful returns to work; 
Design and redesign efforts; and 
Communication within and across organizational lines. 

Evaluation Methods 
Analysis should be done using two or more factors, typically 

before and after the program’s initiation. At first, look for simple 
changes that keep the process open and flexible. More in-depth 
effects can be made by comparisons, using statistical analysis. 

1. Job satisfaction-teamwork, self management (survey). 
2. Quality of work life (survey, complaints [grievances if appro- 

3. Quality of product (numbers, costs, percent scrap, rework, 

4. Productivity-decrease throughput (numbers, costs, time, 

5. Accommodation of injuredill worker (time, numbers, costs, 

6. Design and redesign efforts (numbers and costs, process im- 

priate]). 

changes). 

training time). 

process improvement). 

provement). 
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7. Psycho-physiological discomfort (survey). 
8. Number of employees participating, number of active teams, 

team activities, meetings, completed (implemented) projects. 

OPPORTUNITIES 
There are many opportunities afforded by participatory ergo- 

nomics. Probably the most advantageous opportunity is to better 
utilize the most valuable asset in business and industry today, the 
employee. The opportunity to have input and some degree of con- 
trol over the employee’s working life is very motivating and re- 
warding. This opportunity is not just limited to the hourly worker. 
Supervisors will also have more time to devote to business needs. 
Perhaps most important, employees will feel more freedom to do 
their jobs because of the attention to ergonomics and safety issues 
since they will be able to glean for input from others who are actu- 
ally more knowledgeable. There is also great opportunity for en- 
hanced communications through a sound structure and analysis 
process. 

Another major opportunity that may not always be appreciated 
is in improved customer relationships. In the customer’s view, the 
image of having workers help in making the work and workplace 
more streamlined and efficient through a sound structure and pro- 
cess can be a sales motivator. The decrease in injuries and illness- 
es and the associated costs of making a product could result in 
lower overhead cost, a savings that could be passed on to the cus- 
tomer. When customers visit the production site, they will have an 
image of a safe, clean, and more efficient workplace. 
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CHAPTER 3 

LOWERING COSTS THROUGH 
ERGONOMICS* 

Hal u! Hendrick 
Emeritus Professor of Human Factors 
University of Southern California 
Los Angeles, CA 

One of the clearest ways to delineate a discipline is by its unique 
technology. The Human Factors and Ergonomics Society (HFES) 
of the United States has noted, as have others internationally, that 
the technology of human factors/ergonomics is human-system in- 
terface technology (Hendrick 1996). Thus, the discipline of human 
factors can be defined as the development and application of hu- 
man-system interface technology. 

Human-system interface technology deals with the interfaces 
between humans and the other system components, that include 
hardware, software, environment, jobs, and organizational struc- 
tures and processes. Like the technology of other design-related 
disciplines, it also includes principles, specifications, guidelines, 
methods, and tools. 

As noted by the HFES, ergonomists use this technology for 
improving the quality of life, including health, safety, comfort, us- 
ability, and productivity. Regarding it as a science, ergonomists 
study human capabilities and limitations for the purpose of devel- 
oping human-system interface technology. As a practice, the tech- 
nology is applied by ergonomists to the analysis, design, evaluation, 
standardization, and control of systems. It is this technology that 
clearly defines human factors/ergonomics as a unique, stand-alone 
discipline that identifies what ergonomists do and what ergonom- 
ics offers for the betterment of society. 

Human factors/ergonomics professionals have long recognized 
the tremendous potential of their discipline for improving the 
health, safety, and comfort of persons, and human and system pro- 
"Reprinted with modifications and additions f r o m  Proceedings of the Hu- 
man Factors and Ergonomics Society 40th Annua l  Meeting. San ta  Moni- 
ca, CA: H u m a n  Factors and Ergonomics Society, with permission. 
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ductivity. Indeed, through the application of human-system inter- 
face technology, ergonomics has the potential to truly make a dif- 
ference in the quality of life for virtually all persons on this globe. 

In light of this potential, why don’t more organizations-with 
their urgent need to obtain employee commitment, reduce expens- 
es, and increase productivity-give greater attention to ergonom- 
ics? Although various reasons could be cited, a major one is often 
lack of managerial exposure to the discipline of ergonomics. Of 
particular note, managers often are not aware of the cost benefits 
that can result from effective use of ergonomics in industrial set- 
tings. Put simply, when there is managerial commitment to effec- 
tively apply ergonomics to the design or modification of work 
systems and environments, not only are improvements in health, 
safety, comfort, and production possible, but so are considerable 
cost benefits (Hendrick 1996). 

CASE STUDIES 

FORESTRY INDUSTRY 
A coordinated series of projects were undertaken by the Forest 

Engineering Technology Department of the University of Stellenbosch 
(South Africa) along with Ergotech, an ergonomics consulting firm in 
South Africa, to improve safety and productivity in the South African 
forestry industry. Many aspects of the following forest industry ex- 
amples are comparable to the field of manufacturing. 

Leg Protectors 
An anthropometric survey of foresters was conducted to extract 

the basic data needed for redesigning leg protectors for this very 
heterogeneous work force. 

The South African forestry industry is populated with a wide 
variety of ethnic groups, having varying anthropometric measure- 
ments. The original protector, obtained from Brazil, was modified 
to ergonomically improve the fastening and anthropometric dimen- 
sions, and to incorporate improved materials. Part of the ergonom- 
ic design modification process was an extensive series of usability 
tests over a six-month period. In a well-designed field test, the 
modified leg protector was introduced for use by persons responsi- 
ble for axhatchet debranching at a eucalyptus plantation. Among 
the 300 laborers, an average of ten injuries per day was occurring 
with an average sick leave of five days per injury. During the one- 
year period of the test, not one single &hatchet leg injury occurred, 
resulting not only in considerable savings in human pain and suf- 
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fering, but also in a direct net cost savings of $250,000. Use of the 
leg protectors throughout the South African hardwood forestry 
industry is conservatively calculated to save $4 million annually 
(Warkotsch 1994). 

Tractor-trailer Design 
A second study involved ergonomically improving the seating 

and visibility of 23 tractor-trailer forwarding units with an invest- 
ment of $300 per unit for a logging company. This resulted in a 
better operating position for loading, and improved vision and op- 
erator comfort. Downtimes caused by accident damage to hydrau- 
lic hoses, fittings, etc., went down by $2,000 a year per unit. Daily 
hardwood extraction was increased by one load a day per vehicle. 
So, for a total investment of $6,900, a hard cost savings of $65,000 
per year was achieved-a 1:9.4 costbenefit ratio (Warkotsch 1994). 

Other Projects 
Other innovations by this same collaborative effort between Stel- 

lenbosch University, Ergotech, and various forestry companies include 
(a) development of a unique, lightweight, environmentally-friendly 
pipe type of timber chute for transporting logs down slopes more effi- 
ciently and safely, (b) redesign of three-wheeled hydrostatic loaders 
to reduce excessive whole-body vibration and noise, (c) classifying 
different terrain conditions-ground slope, roughness, etc.-and de- 
termining the most effective tree harvesting system (method and 
equipment) for each, and (d) developing ergonomic checklists and 
work environment surveys tailored to the forestry industry. All of these 
are expected to result in significant cost savings, as well as greater 
employee satisfaction and improved quality of work life. 

These series of ergonomics applications provide a good example of 
what ergonomics can potentially contribute to any given industry 
when there is a true collaborative effort and commitment. 

MATERIAL HANDLING SYSTEMS 
One group that does a good job of documenting the costs and 

benefits of its ergonomic interventions is the faculty of the De- 
partment of Human Work Sciences at Lulea University of Technol- 
ogy in Sweden. The following examples are from their Division of 
Environment Technology’s work with steel mills. The basic ap- 
proach to ergonomic analysis and redesign in these projects was to 
involve employee representatives with the Lulea faculty. For each 
project, the economic payoff period was calculated jointly with the 
company’s management. 
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Steel Pipe and Rod Handling and Stock-keeping System 
A semiautomatic material handling and stock-keeping system 

for steel pipes and rods was ergonomically redesigned, because it 
had an unacceptably high noise level and rejection rate. The rede- 
sign reduced the noise level in the area from 96 dB to 78 dB, in- 
creased production by lo%, dropped rejection from 2.5% to 1%, and 
paid back the redesign and development costs in approximately 
18 months. After that, it was all profit. 

In a tube manufacturing facility, a tube handling and storage 
system had an unacceptably high noise level, high rejection rate 
from damage, inefficient product organization, a poor safety record, 
and required heavy lifting. Ergonomic redesign eliminated stock 
damage, improved stock organization, reduced lifting forces to an 
acceptable level, reduced the noise level by 20 dB, resulted in less 
accidents, and increased productivity with a payback period of only 
15 months. 

Forge Shop Manipulator 
In a forge shop, the old manipulator was replaced with a new 

one having an ergonomically designed cabin and overall better 
workplace design. Whole body vibration was reduced, noise was 
reduced by 18 dB, operator sick leave dropped from 8% to 2%, pro- 
ductivity improved, and maintenance costs dropped by 80%. 

WORKSTATION REDESIGN 

Food Service Stands 
Using a participatory ergonomics approach, Dr. Andy Imada of 

the University of Southern California and George Stawowy, a visit- 
ing ergonomics doctoral student from the University of Aachen in 
Germany, redesigned two food service stands at Dodger Stadium 
in Los Angeles (Imada and Stawowy 1996). The total cost was 
$40,000. Extensive before and after measures demonstrated a re- 
duction in average customer transaction time of approximately 
eight seconds. In terms of dollars, the increase in productivity for 
the two stands was approximately $1,200 per baseball game, re- 
sulting in a payback period of 33 games, or 40% of a single baseball 
season. Since modification of these two stands served as the proto- 
type for developing all vendor stands in the ballpark, the effort 
was costly and time consuming. Modifying the other 50 stands in 
Dodger Stadium, however, can now be done at a price of $12,000 
per stand, resulting in a payback period of only 20 games. 

The new design increases productivity by reducing customer 
waiting time, thereby increasing customer satisfaction. This mod- 

32 



Lowering Costs Through Ergonomics 

ification effort is only one part of a macroergonomics intervention 
project to improve productivity. Ongoing work to improve the to- 
tal system process, including packaging, storage, and delivery of 
food products and supplies, and managerial processes, eventually 
will result in an even greater productivity increase. 

Fine Assembly Workstations 
Qpical workstations at one major electronics assembly plant 

resulted in poor postures leading to musculoskeletal disorders. 
Valrie Venda of the University of Manitoba designed a new type of 
fine assembly workstation that utilizes a TV camera and monitor. 
Not only does the TV camera provide a greatly enlarged image of 
the assembly work, but it enables the worker to maintain a better 
posture and more dynamic motion. Based on extensive compara- 
tive testing, a 15% higher productivity rate was obtained with the 
new workstation. 

Venda reports that the average value of products assembled per 
worker per shift at these types of workstations varies between 
$15,000 and $20,000. Thus, the additional value produced by one 
worker per day using the new workstation is $2,250 to $3,000 per 
day. Although it is too early to say precisely, Venda expects that the 
new workstations eventually will decrease occupational injuries 
for these jobs by 20%. 

Workstation CRT Display 
The CRT display used by the directory assistants at Ameritech 

were ergonomically redesigned by Scott Lively, Richard Omanson, 
and Arnold Lund to reduce average call processing time. The rede- 
sign replaced all upper-case display with a mixed-case display and 
added a highlighting feature for listings selected by the directory 
assistant. Extensive before-and-after measurements showed a 600 
millisecond reduction in average call operating time after intro- 
duction of the ergonomically redesigned CRT display. Although 
seemingly small, this reduction represents an annual savings of 
approximately $2.94 million across the five-state region served by 
Ameritech, according to Lively and Lund. 

Training System Redesign 
In a related Ameritech effort, done jointly with Northwestern 

University’s Institute for Learning Sciences, the traditional lec- 
ture and practice training program for new directory assistants was 
replaced by an ergonomically designed computer-based training 
program that incorporated a simulated work environment and er- 
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ror feedback. As a result, operator training time was reduced from 
five days to one and a half days. 

Workstation Job Aids 
Soon after IBM started shipping its Displaywriter'" product to 

customers, a report came back that customer setup of the product 
was failing. Follow-up by ergonomist Daniel Kolar, president of Info 
Xfer, a usability consulting firm in Austin, Texas, determined that 
the problem was caused by frequent errors in the packing line. 
The packers had no idea what they were doing because they had 
inappropriate documentation. Kolar conducted a task analysis, then 
used it to develop highly pictorial story boards that detailed the 
specific packing steps at each station. Following installation of the 
story boards, the shipping error rate dropped from 35 per hundred 
to less than one in a thousand. IBM's cost effectiveness personnel 
calculated the savings at $2 million over a two year period. 

Workstation Tools 
A conventional deboning knife used at a poultry packaging plant 

did a poor job of deboning and resulted in high rates of carpal tun- 
nel syndrome, tendonitis, and tenosynovitis. A new, ergonomi- 
cally designed pistol-shaped knife was introduced by ergonomist 
Ian Chong, principal of Ergonomics, Inc. of Seattle, Washington. 
Less pain and happier cutting crews were reported almost imme- 
diately. Upper extremity work-related musculoskeletal disorders 
were greatly reduced, line speeds increased by 2% to 6%, profits 
increased because of more efficient deboning, and, over a five-year 
period, $500,000 was saved in workers' compensation premiums. This 
is a good example of how a simple, often inexpensive ergonomic 
solution can sometimes have a very high costbenefit payoff. 

REDUCING WORK-RELATED MUSCULOSKELETAL DISORDERS 

AT&T Global Information Solutions 
AT&T Global Information Solutions in San Diego, with 800 em- 

ployees, manufactures large mainframe computers. Following anal- 
yses of their OSHA 200 logs, the company identified three types of 
frequent injuries caused by lifting, fastening, and keyboarding. The 
company next conducted extensive worksite analyses to identify 
ergonomic deficiencies. As a result, the company made extensive 
ergonomic workstation improvements and provided proper lifting 
training for all employees. In the first year following the changes, 
workers' compensation losses dropped by more than 75% from 
$400,000 to $94,000. 
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In a second round of changes, conveyor systems were replaced 
with small, individual scissors-lift platforms, and heavy pneumat- 
ic drivers with lighter electric ones. This was followed by moving 
from an assembly line process to one where each worker builds an 
entire cabinet, with the ability to readily shift from standing to 
sitting positions. A further reduction in workers’ compensation loss- 
es to $12,000 resulted. In terms of lost work days due to injury, in 
1990 there were 298; in both 1993 and 1994 there were none. These 
ergonomic changes have reduced workers’ compensation costs at 
AT&T Global over the 1990-1994 period by $1.48 million. The added 
costs for these ergonomic improvements represent only a small frac- 
tion of the savings (Center for Workplace Health Information 1995a). 

Red Wing Shoes 
The Red Wing Shoes Company made a commitment to reducing 

work-related musculoskeletal disorders (WMSDs) via ergonomics. 
Steps included (a) initiating of a safety awareness program that 
encompassed basic machine setup and operation, safety principles 
and body mechanics, information about CTDs, and monthly safety 
meetings, (b) a stretching, exercise and conditioning program, (c) 
hiring of an ergonomics advisor, and (d) specialized training on 
ergonomics and workstation setup for machine maintenance work- 
ers and industrial engineers. 

The company: 
Purchased adjustable ergonomic chairs for all seated opera- 
tors and antifatigue mats for all standing jobs; 
Instituted continuous flow manufacturing, which included 
operators working in groups, cross training, and job rotation; 
Ergonomically redesigned selected machines and worksta- 
tions for flexibility and elimination of awkward postures, and 
greater ease of operation; and 
Modified production processes to reduce cumulative trauma 
strain. 

As a result of these various ergonomic interventions, workers’ 
compensation insurance premiums dropped by 70% from 1989 to 
1995, for a savings of $3.1 million. During this same period, the 
number of OSHA-reportable lost time injury days dropped from 75 
for 100 employees working a year, to 19. The success of this pro- 
gram is attributed to upper management’s support, employee edu- 
cation and training, and having everyone responsible for 
coordinating ergonomics (Center for Workplace Health Informa- 
tion 1995b). 
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Reducing WMSDs via Ergonomics Training 
In 1992, Bill Brough of Washington Ergonomics conducted a one- 

day seminar for cross disciplinary teams of engineers, human re- 
source management personnel, and safety/ergonomics committee 
members from seven manufacturing companies insured by Tokyo 
Marine and Fire Insurance Company, Ltd. The seminar taught ba- 
sic principles of ergonomics and provided materials to implement 
a participatory ergonomics process. The training focused on tech- 
niques for involving workers in evaluating present workplace con- 
ditions and making cost-effective improvements. 

The class materials provided the tools for establishing a base- 
line, setting improvement goals, and measuring results. In six of 
the companies, the seminar data and materials used by the teams 
to implement a participatory ergonomics program received fund- 
ing from management and support from labor. (The seventh com- 
pany did not participate in implementing the training). Follow-up 
support was provided by a senior loss control consultant for Tokyo 
Marine. For the six companies that did participate, strain-type in- 
juries dropped progressively from 131 in the six months prior to 
the training to 42 for the six month period ending 18 months later. 
The cost of these injuries for the six months prior was $688,344. 
For the latter period, the injury costs dropped to $72,600, for a net 
savings over 18 months of $1.34 million using the prior six months 
as the baseline. 

Tokyo Marine traces these reductions in strain-type injuries di- 
rectly back to Bill Brough’s participatory ergonomics training pro- 
gram and related materials. A good example of what can happen 
when you couple collaborative management and labor commitment 
with professional ergonomics. Worker involvement reportedly cre- 
ated enthusiasm and encouraged each individual to assume respon- 
sibility for the program’s success. According to Bill Brough, the 
reduction of injuries resulted from a commitment to continuous 
improvement and was fostered by many small changes, not a ma- 
jor singular event. 

For the one company that did not participate in implementing 
the training, the number of reported strain injuries was 12 for the 
six months prior to training, and 10, 16, and 25 respectively the 
next three six-month periods. In short, things got worse rather than 
better even with management and labor’s active support. 

Deere and Company 
One of the best known successful industrial safety ergonomics 

programs is at Deere and Company. In 1979, Deere recognized that 
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traditional interventions like employee lift training and conserva- 
tive medical management were, by themselves, insufficient to re- 
duce injuries. So, the company began to use ergonomic principles 
to reduce the physical stresses of the job. 

Eventually, ergonomics coordinators were appointed in all of 
Deere’s US. and Canadian factories, foundries, and distribution 
centers. These coordinators, chosen from the industrial engineer- 
ing and safety departments, were trained in ergonomics. 

Today, job evaluations and analyses are done in-house by part- 
time ergonomics coordinators as well as wage-employee ergonom- 
ics teams and committees. The company has developed its own 
ergonomics checklists and surveys. The program involves exten- 
sive employee participation. Since 1979, Deere has recorded an 83% 
reduction in back injuries, and by 1984 had reduced workers’ com- 
pensation costs by 32%. According to Gary Lovestead, each year, 
literally hundreds to thousands of ergonomics improvements are 
implemented. Today, ergonomics is built into Deere’s operating 
culture (Center for Workplace Health Information 1995~). 

Union Pacific 
In the early 1980s, the Palestine Car Shop near Dallas, Texas, 

had the worst safety statistics of the Union Pacific Railroad’s shop 
operations. Of particular note was the high incidence of back inju- 
ries. For example, in 1985, 9 out of 13 lost-time injuries were back 
injuries, and 579 lost and 194 restricted or limited work days were 
accumulated. Only 1,564 cars were repaired that year, and absen- 
teeism was 4% (American Association of Railroads 1989). 

The University of Michigan Center for Ergonomics’ computer 
model for back compression was modified and expanded for easy 
application to the railroad environment. It was packaged by the 
Association of American Railroads (AAR). The AAR back model 
was introduced at the Palestine Car Shop to identify job tasks that 
exceeded acceptable back compression values and equipment that 
supported various lifting jobs was redesigned. For example, a cou- 
pler knuckle storage table was designed for storing the 90-pound 
knuckles, rather than piling them on the ground and lifting them 
from there. In addition, a commercial back injury training program 
was adopted, and every employee was taught how to bend and lift 
safely. 

Finally, management attitude and priorities about safety were 
conveyed through weekly meetings with safety captains from each 
work area and quarterly meetings with all shop employees. From 
1985 to 1988, the total incidents of injury went from 33 to 12 per 
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year. Back incidents went from 13 to 0; lost days from 579 to 0; 
restricted days from 194 to 40 (all from minor, nonback injuries); 
and absenteeism from 4% to 1%. The number of cars repaired per 
year went from 1,564 in 1985 to 2,900 in 1988, an increase in dollar 
value of $3.96 million. Union Pacific calculated the costbenefit ra- 
tio as approximately 1:lO. 

HUMAN FACTORS TEST AND EVALUATION 
“EX, one of the “Baby Bells,” developed a new workstation 

for its toll and assistance operators who help customers complete 
their calls and record the correct billing. The primary reason for 
the newly designed workstation was to help operators reduce aver- 
age time per customer. 

The existing workstation (in use for several years), employed a 
300-baud, character-oriented display and a keyboard on which func- 
tionally related keys were color coded and spatially grouped. This 
functional grouping often separated common sequences of keys 
by a large distance on the keyboard. In contrast, the new worksta- 
tion, ergonomically designed with sequential as well as functional 
considerations, incorporated a graphic, high-resolution 1,200-baud 
display, used icons, and, in general, was a good example of a graph- 
ical user interface because the designers paid careful attention to 
human-computer interaction issues. 

Wayne Gray and Michael Atwood of the “EX Science and 
Technology Center, and Bonnie John of Carnegie Mellon Universi- 
ty designed and conducted a comparative field test, replacing 12 of 
the current workstations with 12 new ones (Gray, John, and At- 
wood 1993). In addition, they conducted a goals, operators, meth- 
ods, and selection rules (GOMS) analysis (Card, Moran, and Newel1 
1980) in which both observation-based and specification-based 
GOMS models of the two workstations were developed and used. 

Contrary to expectations, the field test demonstrated that aver- 
age operator time was 4% slower with the new workstation than 
with those to be replaced. The GOMS analyses accurately predict- 
ed this outcome, demonstrating the validity of the GOMS models 
for efficiently and economically evaluating telephone operator 
workstations. Had this test and evaluation not been conducted, and 
had the presumably more efficient workstation been adopted for 
all 100 operators, the performance decrement cost per year would 
have been $2.4 million. This is good example of the value of per- 
forming careful human factors tests and evaluations before deci- 
sions are made. 
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MACROERGONOMICS 

Petroleum Distribution Company 
Several years ago, Andy Imada of the University of Southern 

California began a macroergonomic analysis and intervention pro- 
gram to improve safety and health in a company that manufac- 
tures and distributes petroleum products. The key components of 
this intervention included an organizational assessment that gen- 
erated a strategic plan for improving safety, equipment changes to 
improve working conditions and enhance safety, and three macro- 
ergonomic classes of action items. These items included improv- 
ing employee involvement and integrating safety into the broader 
organizational culture. The program utilized a participatory ergo- 
nomics approach involving all levels of the division’s management 
and supervision, terminal and filling station personnel, and truck 
drivers. 

Over the course of several years, many aspects of the system’s 
organizational design and management structure and processes 
were examined from a macroergonomics perspective and, in some 
cases, modified. Employee-initiated ergonomic modifications were 
made to some of the equipment. New employee-designed safety 
training methods and structures were implemented. Employees 
were given a greater role in selecting new tools and equipment 
related to their jobs. 

Two years after the program’s initial installation, industrial in- 
juries were reduced by 54%, motor vehicle accidents by 51%, off- 
the-job injuries by 84%, and lost work days by 94%. Within four 
years, further reductions occurred for all but off-the-job injuries, 
which climbed back 15% (Nagamachi and Imada 1992). The com- 
pany’s area manager of operations reports that he continues to save 
one-half of one percent of the annual petroleum delivery costs ev- 
ery year as a direct result of the macroergonomics intervention 
program. This amounted to a net savings of approximately $60,000 
per year over three years and the savings is expected to continue. 
Imada reports that perhaps the greatest reason for these sustained 
improvements has been the successful installation of safety as part 
of the organization’s culture (Nagamachi and Imada 1992). 

L. L. Bean 
The use of macroergonomics was reported as an approach and 

methodology for introducing total quality management (TQM) at 
the L.L. Bean Corporation (Rooney, Morency, and Herrick 1993). 
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Using methods similar to those described for Imada’s intervention 
(Nagamachi and Imada 1992), but with TQM as the primary rea- 
son, the production and distribution division experienced more 
than a 70% reduction in lost time accidents and injuries within a 
two year period. Other benefits, such as greater employee satisfac- 
tion and improvements in additional quality measures, also were 
achieved. Given the present emphasis in many organizations on 
implementing IS0 9000, these results take on an even greater sig- 
nificance. 

CONCLUSION 
The foregoing case studies are only limited examples of the va- 

riety of ergonomic interventions that the human factors/ergonom- 
ics profession can provide to improve the human condition, as well 
as the bottom line. Truly good ergonomic interventions are almost 
always beneficial especially when managers use effective criteria 
in allocating resources. 

Ergonomic interventions can offer a wonderful common ground 
for labor and management collaboration. Invariably, both benefit. 
Managers benefit in reduced costs and improved productivity and 
employees in improved safety, health, comfort, and usability of tools 
and equipment. Both groups derive increased competitiveness lead- 
ing to long-term organizational survival. 

REFERENCES 
American Association of Railroads. “Research Pays Off: Preventing Back Injuries.” 
AAR program adopted at Union Pacific. T R  News 1989, 140: 16-17. 
Card, S.K., Moran, T.E, and Newell, A. “Computer Text Editing: An Information 
Processing Analysis of a Routine Cognitive Skill.” Cognitive Psychology 1980, 12: 

Center for Workplace Health Information. “An Ergonomics Honor Roll: Case Studies 
of Results-oriented Programs.” AT&T Global. CTD News Special Report: Best 
Ergonomic Practices 1995a: 4-6. 
Center for Workplace Health Information. “An Ergonomics Honor Roll: Case Studies 
of Results-oriented Programs, Red Wing Shoes.” CTD News Special Report: Best 
Ergonomic Practices, 1995b: 2-3. 
Center for Workplace Health Information. “An Ergo Process that Runs Like a Deere.” 
CTD News 8, August 1995c: 6-10. 
Gray, W.D., John, B., and Atwood, M. “Project Ernestine: Validating a GOMS Analysis 
for Predicting and Explaining Real-world Task Performance.” Human-Computer 
Interaction 1993,8: 237-309. 
Hendrick, H.W. “Presidential Address: The Economics of Ergonomics is the 
Ergonomics of Economics.” Proceedings of the Human Factors and Ergonomics 

32-74. 

40 



Lowering Costs Through Ergonomics 

Society 40th Annua l  Meeting. Santa Monica, CA: Human Factors and Ergonomics 
Society, 1996: 1-10. 

Imada, AS., and Stawowy, G. “The Effects of a Participatory Ergonomics Redesign 
of Food Service Stands on Speed of Service in a Professional Baseball Stadium.” 
H u m a n  Factors in Organizational Design a n d  Management-V. Amsterdam, The 
Netherlands: North-Holland, 1996. 
Nagamachi, M., and Imada, AS. “A Macroergonomic Approach for Improving Safety 
and Work Design.” Proceedings of the 36th Annua l  Meeting of the H u m a n  Factors 
and  Ergonomics Society. Santa Monica, CA Human Factors and Ergonomics Society, 

Rooney, EX, Morency, R.R., and Herrick, D.R. “Macroergonomics and Total Quality 
Management at L.L. Bean: A Case Study.” Advances in Industrial  Ergonomics a n d  
Safety-V. London, England: Taylor & Francis, 1993: 493-498. 

Warkotsch, W. “Ergonomic Research in South African Forestry.” Suid-Afrikaanse 

1992: 859-861. 

B o s b o u t y d s k ~ f  1994, 171: 53-62. 

41 



CHAPTER 4 

MAN U FACTU RI N G WO RKSTATI 0 N 
DESIGN 

Biman Das 
Professor 
Industrial Engineering 
Department of Industrial Engineering 
Dalhousie University 
Halifax, Nova Scotia, Canada 

An ergonomics approach to the design of a workstation for the 
manufacturing industry endeavors to obtain an adequate balance 
between worker capabilities and work requirements. The aim is to 
optimize worker productivity and the total system, as well as en- 
hance worker physical and mental well-being, job satisfaction, and 
safety. 

A manufacturing workstation is often designed in an arbitrary 
manner, with little consideration to the anthropometric measure- 
ments of the anticipated user. The situation is aggravated by the 
lack of usable design parameters or dimension (Das and Grady 
1983a; Das 1987). The physical dimensions in the design of a man- 
ufacturing workstation are of major importance from the viewpoint 
of production efficiency and operator physical and mental well- 
being. Small changes in workstation dimension can have a consid- 
erable impact on worker productivity and occupational health and 
safety. Inadequate posture caused by an improperly designed work- 
station causes static muscle efforts, eventually resulting in acute 
localized muscle fatigue. Consequently, it decreases productivity, 
and increases possibility of operator-related health hazards (Cor- 
lett et al. 1982). 

For a successful industrial workstation basic design, rules or 
guidelines have been provided by Khalil (1972), Tichauer (1975), 
Eastman Kodak Company (1983), Corlett (1988), Konz (1995), and 
Corlett and Clark (1995). Corlett (1988) has proposed the most com- 
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prehensive guidelines that include task design and workplace lay- 
out. These guidelines, emphasizing the requirement of healthy 
operator posture, are directed toward improving the operator’s 
physiological efficiency. Many painful afflictions of the musculosk- 
eletal system, known as cumulative trauma disorders (CTDs), are 
associated with working posture. These are sometimes caused and 
aggravated by the repeated forceful exertions connected with awk- 
ward work postures of the upper extremities (Armstrong et al. 1986). 

An attempt is made in a workstation design to achieve an opti- 
mum compromise between the variable anthropometry of the tar- 
geted operator population and the physical size and layout of the 
workstation components. An ergonomic analysis for a workstation 
design is concerned with spatial accommodation, posture, reach- 
ing abilities, clearance, interference of the body segments, field of 
vision, available strength of the operator, and biomechanical stress. 
The appropriate anthropometric data regarding body size, strength, 
segment masses, and inertial properties from the established data 
bases are typically used in the analysis. 

An obstacle in implementing the ergonomic recommendations 
in a real-world design situation is human variability in size and 
capability. It is a challenge to designers to come up with solutions 
that optimally fit the diverse anthropometry of the users and satis- 
fy their task demands (Das 1991). 

APPLY I NG ENGl N EERl NG ANTH ROPOMETRY 
TO WORKSTATION DESIGN 

For the design of a workstation, Das and Grady (1983a, 1983b) 
determined design dimensions by using existing anthropometric 
data, so that these dimensions could be readily employed by a de- 
signer. Workspace design dimensions were determined for indus- 
trial tasks in sitting, standing, and sit-stand positions. Worker 
populations consisted of a combination of male and female work- 
ers and the individual male and female workers for the 5th, 50th, 
and 95th percentiles based on existing anthropometric data. 

The normal and maximum reach dimensions were based on the 
most commonly used industrial operations, which require a grasp- 
ing movement or thumb and forefinger manipulations. However, 
appropriate allowances were provided to adjust reach dimensions 
for other types of industrial operations. The normal and maximum 
horizontal and vertical clearances and their reference points were 
established to facilitate the design. The concepts developed by f i r -  
ley (1955) and Squires (1956) were used to describe the workspace 
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envelope for the individual worker. The dimensions of smaller (5th 
percentile) and larger (95th percentile) workers were used to deter- 
mine the limits of reach and clearance requirements, respectively. 

ADJUST1 NG ANTH ROPOMETRIC DATA 
The existing anthropometric data were derived on the basis of 

measurements from nude subjects. Therefore the data were ad- 
justed for clothing and shoe allowances. Since the data for the stand- 
ing, sitting, and eye heights were based on erect positions at work 
or rest, the data were adjusted to account for the “slump” posture 
involved in the normal standing and sitting positions. Also, neces- 
sary adjustments were made for the reach dimensions used for 
performing various industrial operations (Hertzberg 1972). 

The corrected or adjusted anthropometric measurements to ac- 
count for clothing, shoe and slump posture are presented in Table 
4-1. The measurements were used subsequently to generate math- 
ematically, the pertinent design dimensions of workplace layout 
(Das and Grady 1983a). 

DETERMINING WORKSTATION DESIGN PARAMETERS 
To design a workstation for manufacturing, it is necessary to 

obtain relevant information or data on task performance, equip- 
ment, working posture, and environment. For a new workstation 
design, it is advantageous to obtain such information from a simi- 
lar existing tasklequipment situation. Several methods such as di- 
rect observation, one-to-one interviews with experienced operators, 
videotaping, and questionnaires can be used for this purpose. Be- 
fore redesigning an existing workstation in industry, often it is 
desirable to conduct a worker survey to determine the effect of the 
equipment or system design on employee comfort, health, and ease 
of use (of the equipment). The survey response is useful in rein- 
forcing the recommended modifications to an existing worksta- 
tion design based on ergonomic principles and data. However, 
frequently it is necessary to design an entirely new industrial 
workstation. Even then, it may still be desirable to obtain feed- 
back from the operators engaged in performing a similar type 
of industrial task. The feedback may generate heightened 
awareness of workstation design problems and issues. 

In the beginning, decisions are formalized regarding the task 
sequence, available space, equipment and tools. Work methods 
need to be established before embarking on the new design. 

45 



Table 4-1. Corrected anthropometric measurements to account for clothing, shoe, and slump posture 

El bdw-td-el bow 
Thigh clearance 
Forearm length 
Arm length 
Elbow height 
Elbow height (sitting) 
Popliteal height (sitting) 

Percentiles 
in. (cm) 

Sex Body feature 5th 
Male Total height (slump) 65.4 (166.2) 

Body height (sitting, slump) 32.3 (82.1) 
Eye height (slump) 63.0 (160.0) 
Eye height (sitting, slump) 27.9 (70.9) 
Shoulder height 54.3 (138.0) 

Bodv deDth 10.5 (26.7) 
(40.0) 
(14.2) 
(37.1) 
(68.3) 
105.6) 
(1 8.8) 
(42.4) 

Female Total height (slump) 60.6 153.8) 
Body height (sitting, slump) 30.9 (78.5) 
Eye height (slump) 56.5 (143.6) 
Eye height (sitting, slump) 27.0 (68.6) 
Shoulder height 50.4 (127.9) 
Shoulder height (sitting) 20.6 (52.2) 
Body depth 8.6 (21.8) 
El bow-to-el bow 14.1 (35.7) 
Thigh clearance 4.9 (12.4) 
Forearm length 12.8 (32.5) 
Arm length 23.7 (60.2) 
Elbow height 39.0 (99.0) 
Elbow height (sitting) 7.4 (18.8) 
Popliteal height (sitting) 14.7 (37.3) 

Shoulder height (sitting) 21.5 (54.7) 

15.7 
5.6 

14.6 
26.9 
41.6 

7.4 
16.7 

50th 
69.3 (176.1) 
34.5 (87.6) 
64.9 (164.9) 
30.0 (76.2) 
58.1 (147.7) 
23.5 (59.8) 
11.9 (30.2) 
17.8 (45.1) 
6.4 (16.2) 

15.9 (40.4) 
29.6 (75.2) 
44.5 (1 13.0) 

9.1 (23.1) 
18.0 (45.7) 
64.3 (163.2) 
32.6 (82.8) 
60.4 (153.5) 
28.5 (72.4) 
54.1 (137.5) 
22.5 (57.2) 

9.7 (24.6) 
15.0 (38.2) 
5.7 (14.4) 

14.4 (36.6) 
26.0 (66.0) 
41.4 (105.1) 

9.1 (23.1) 
16.0 (40.6) 

95th 
73.3 (186.3) 
36.5 (92.7) 
68.8 (174.8) 
32.0 (81.3) 
61.7 (156.8) 
25.4 (64.4) 
13.4 (34.0) 
20.4 (51.7) 

7.3 (18.5) 
17.2 (43.7) 
32.3 (82.0) 
47.4 (1 20.4) 
10.8 (27.4) 
19.2 (48.7) 
68.4 (173.8) 
34.3 (87.1) 
64.3 (163.4) 
30.1 (76.5) 
57.7 (146.6) 
24.3 (61.8) 
10.9 (27.6) 
17.2 (43.8) 
6.5 (16.5) 

16.0 (40.7) 
28.5 (72.4) 
43.8 (1 11.2) 
10.8 (27.4) 
17.2 (43.6) 
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Determination of the workstation dimensions usually proceeds 
according to the steps outlined in Table 4-2 (Das and Sengupta 1996). 

The workstation design procedure commences with the collec- 
tion of relevant data through direct observation, video taping, and 
input from experienced operators and supervisors (step 1, Table 4- 
2). It is necessary to identify the appropriate user population based 
on such factors as ethnic origin, gender, and age (step 2). The nec- 
essary anthropometric dimensions of the population are obtained 
or approximated from the results of the available anthropometric 
surveys that reasonably represent the user group. As these dimen- 
sions are taken from nude subjects in erect posture, they need to 
be corrected appropriately for the effect of clothing, shoe, and nor- 
mal slump posture during work (Das and Grady 1983a). 

In developing a manufacturing workstation, a designer should 
take into account the height (step 3). The work table height must 

Table 4-2. A systematic approach for determining workstation design 

1. 

2. 

3. 

4. 

5. 

6. 
7. 

8. 

9. 

10. 

Obtain relevant information on the task performance, equipment, 
working posture, and environment through direct observation, video 
recording, and/or input from experienced personnel. 

Identify the appropriate user population and obtain the relevant 
anthropometric measurements or use the available statistical data from 
anthropometric surveys. 

Determine the range of work height based on the type of work to be 
performed. Provide an adjustable chair and a foot rest for a seated 
operator and an adjustable work surface or platform for a standing 
operator. 

Layout the frequently used hand tools, controls, and bins within the 
normal reach space. Failing that, they may be placed within the 
maximum reach space. Locate control or handle in the most 
advantageous position, if strength is required to operate it. 

Provide adequate elbow room and clearance at waist level for free 
movement. 

Locate the displays within the normal line of sight. 

Consider the material and information flow requirements from other 
functional units or employees. 

Make a scaled layout drawing of the proposed workstation to check the 
placement of individual components. 

Develop a mock-up of the design and conduct trials with live subjects to 
ascertain operator-workstation fit. Obtain feedback from these groups. 

Construct a prototype workstation based on the final design. 
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be compatible with worker height, whether standing or sitting. Konz 
(1967) found that the best working height is about 1 in. (2.5 cm) 
below the elbow. However, he found that the working height can 
vary without any significant effect on performance. The nature of 
the work to be performed must be taken into consideration in de- 
termining work height. For seated operators, provide an adjust- 
able chair and foot rest, and for standing operators, an adjustable 
work surface or platform. 

Frequently used hand tools, controls, and bins need to be locat- 
ed within the normal reach spaces (step 4). The items used occa- 
sionally may be placed beyond normal reach, but they should be 
placed within the maximum reach space. For positioning a control 
that requires strength, give consideration to the human strength 
profile in the workspace. Extreme reach space, involving twisting 
of trunk, should be avoided at all times. Adequate lateral clearance 
must be provided for the large (95th percentile) operator for ease 
of entry and exit at the workstation and to provide ample elbow 
room for ease of work (step 5). 

Placement of the displays should not impose frequent head and 
eye movement on the operator. The optimum display height for 
the normal (slump) eye height is 15" downward gaze (step 6). Ap- 
propriate personnel from other functional units or departments 
should be consulted regarding material and information flow re- 
quirements (step 7). It is beneficial to consider the physical size of 
the individual components and make a scaled layout drawing of 
the proposed workstation to check the placement of the individual 
components within the available space (step 8). 

Operator/workstation fit should be evaluated with a workstation 
mock-up and an appropriate user population (step 9). This will en- 
sure the task demand and layout do not impose an undesirable 
working posture. It is desirable to check the interference of body 
members with the workstation components. From the interest 
groups, such as users, equipment manufacturers, marketing, and 
health and safety committees, feedback should be obtained regard- 
ing the new design. If necessary, the design should be modified. 
Finally, it is beneficial to construct a prototype workstation based 
on the final design (step lo). All steps shown in Table 4-2 may not 
be applicable in every industrial workstation design situation. 

D ETE RMI N I N G WO RKSTATI 0 N DIME N S I 0 N S 
For the physical design of manufacturing workstations, the four 

essential design dimensions are: work height, normal and maxi- 
mum reaches, lateral clearance, and angle of vision and eye height. 
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WORK HEIGHT 
Height of the working surface should maintain a definite rela- 

tionship with the operator’s elbow height, depending on the type 
of work. The standing U.S. population work heights for the 5th, 
50th, and 95th percentile female operators for performing differ- 
ent types of work are presented in Table 4-3. The table provides 
guidelines especially for the design of delicate, manual, and force- 
ful work. Similar data for males can be obtained from Ayoub (1973), 
and Das and Grady (1983a). 

NORMAL AND MAXIMUM REACHES 
The normal reach is defined by the tip of the thumb while the 

forearm moves in a circular motion on the table surface. During 
this motion, the upper arm is kept in a relaxed downward position. 
The maximum reach can be considered as the boundary on the 
work surface in front of an operator that he/she can reach without 
flexing hisher torso. For performing repetitive tasks, the hand 
movement should preferably be confined within the normal work- 
ing area. The controls and items of occasional use may be placed 
beyond the normal working area. Nevertheless, they should be 
placed within the maximum working area. 

The concept of normal and maximum working areas describes 
the working area in front of the worker in a horizontal plane at the 
elbow level; the areas are expressed in the form of mathematical 
models (Das and Grady 1983b; Das and Behara 1995). The most 
frequently used area of the workstation preferably should be with- 
in the normal reach of the operator. The reach requirements should 
not exceed the maximum reach limit to avoid leaning forward and 
bad posture. The maximum working area at the elbow level is de- 
termined from the data provided in Table 4-4. The adjusted an- 
thropometric measurements for arm length (K) ,  shoulder height 
(E) ,  and elbow height (L)  are used to calculate arm radii (R) for the 
5th, 50th’ and 95th percentiles for females. 

LATERAL CLEARANCE 
A well-known approach is to design the reach requirements 

of the workstation corresponding to the measurements of the 
5th percentile of the representative group and the clearance cor- 
responding to the 95th percentile measurements, so as to make 
the workstation compatible for both small and large persons. 
The minimum lateral clearances at waist level are determined 
by adding 2 in. (5 cm) on both sides or 4 in. (10 cm) to hip breadth 
(standing). For determining the clearance at elbow level, Squires’ 

49 



Ergonomics in Manufacturing 

(1956) concept of the normal horizontal working area is used. The 
concept postulates that in describing the area, the elbow moves 
out away (half of body depth) from the body, in a circular path, as 
the forearm sweeps. Considering the elbow-to-elbow distance and 
the sweep of both the elbows within the normal horizontal work- 
ing area and adding 2 in. (5 cm) on both sides, minimum lateral 
clearance at elbow level is determined. The values for lateral clear- 
ances are shown in Table 4-5. 

ANGLE OF VISION AND EYE HEIGHT 
Das and Grady (1983a, 1983b) have provided the eye height for 

standing female operators: 56.5 in. (143.6 cm) for 5th percentile, 
60.4 in. (153.5 cm) for 50th percentile, and 64.3 in. (163.4 cm) for 
95th percentile. For males, similar eye height data can be obtained 
from the previously stated source. Using trigonometry, the angle 
of sight can be calculated from the horizontal distance of the dis- 
play from the operator’s eye position. 

These parameters form the basis of ensuring humadmachine 
fit of a workstation design for the users. Nevertheless, the afore- 
mentioned factors direct the designer’s attention towards the er- 
gonomic requirements in workstation design, and form the basis 
of compromise in the layout design. 

CASE STUDIES 

SUPERMARKET CHECKSTAND WORKSTATION 
The steps outlined in Table 4-2 were applied in designing a su- 

permarket checkstand workstation. The working posture and work 
methods of the cashiers were recorded through direct observation 
(step 1). Based on the direct observation, the major shortcomings 
in the design of the supermarket checkstand workstation were iden- 
tified. The design problems associated with the present check- 
stands were: reach, work height, bagging, lifting, and visual 
requirements. 

A survey of female cashiers was conducted in three superstores to 
determine the effect of 1) environmental factors, 2) general fatigue 
induced by the task, 3) physical demand of tasks, and 4) the postural 
discomfort of operators during a regular working day (step 2). 

The salient findings from the survey were: 1) one store had rat- 
ed the temperature as unacceptable, 2) the product bin handling 
task and prolonged standing posture were perceived to be the most 
strenuous of all tasks, and 3) the mean postural discomfort rating 
was found to be increasing as time on the work shift increased. 
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Table 4-3. Female operator standing work surface height 
in. (cm) 

Population percentile 

TvDe of work 5th 50th 95th 

en r 

Delicate work with close visual requirement 39.0-40.9 (99-104) 43.3-45.3 (1 10-1 15) 45.7-47.6 (1 16-1 21) 
Manual work 33.1 -35.0 (84-89) 35.4-37.4 (90-95) 37.8-39.8 (96-101) 
Forceful work aided by upper body weight 23.2-33.1 (59-84) 25.6-35.4 (65-90) 28.0-37.8 (71 -96) 

Population Arm length Shoulder height Elbow height Maximum reach 
percentile [KI [El [LI [RI 

5th 23.6 (60) 50.4 (128) 39.0 (99) 20.9 (53) 
50th 26.0 (66) 54.3 (138) 41.3 (105) 22.8 (58) 
95th 28.3 (72) 57.9 (147) 43.7 (111) 24.8 (63) 

Table 4-4. Female anthropometric measures for maximum reach 
in. (cm) 

Table 4-5. Female anthropometric measurements for lateral clearances 
in. (cm) 

Clearance at Clearance at 
Population Hip breadth El bow-to-el bow Body depth waist level elbow level 
percentile [wl [HI [GI c1 =w+10 C2= H+G+ 10 

5th 15.7 (40) 14.2 (36) 8.7 (22) 19.7 (50) 26.8 (68) 
50th 17.7 (45) 15.0 (38) 9.8 (25) 21.7 (55) 28.7 (73) 
95th 20.5 (52) 17.3 (44) 11.0 (28) 24.4 (62) 31.9 (81) 
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Significantly, high postural discomfort ratings were found in the 
lower back, back, neck, ankle, foot, knee, and leg regions. 

The dimensional compatibility between the cashiers’ structural 
anthropometry and the workspace dimensions was evaluated us- 
ing a scaled drawing of the existing checkstand, which was pre- 
pared from actual measurements taken at the site. 

By employing an engineering anthropometry approach, the su- 
permarket checkstand workstation design parameters or dimen- 
sions were determined for: 1) optimum work height, 2) normal and 
maximum reaches, 3) lateral clearance, and 4) angle of vision and 
eye height (steps 3, 4, 5, and 6). The appropriate data were used 
subsequently for the design of the checkstand workstation (Figure 
4-1) (Das and Sengupta 1996). The superimposition of the normal 
and maximum horizontal and vertical working areas on the super- 
market checkstand drawing facilitated the design and placement 
of the checkstand components (step 8). This procedure enabled 
placement of the components within the normal working area when 
possible, and failing that, within the maximum working area. Sev- 
eral alternative checkstand layout drawings were considered us- 
ing a computer-aided design (CAD) package with human modeling 
capability. An adjustable and padded floor platform was provided 
for the cashiers. The platform height could be lowered by 2 in. (5 
cm) at a time to accommodate taller cashiers. The padding was 
provided to reduce foot fatigue from prolonged standing. 

The components that needed frequent operation were placed in 
front of the cashier to reduce twisting of the torso and neck. The 
width and depth of the laser scanner was reduced to accommodate 
the printer and code catalog right in front of the cashiers. The re- 
duced scanner width improved the cashiers’ reach over the con- 
veyor belt and bag handling area. A deflector was provided on the 
conveyor belt to ensure that the products were within the maxi- 
mum reach of cashiers. The original product bins at the left of the 
cashiers were eliminated and replaced by plastic bag hangers at 
appropriate heights and locations. 

A group of cashiers, a management representative, and a repre- 
sentative from the equipment supplier were consulted through the 
various design stages. In the final stage, a mock-up wooden model 
was constructed to fine tune the design (step 9). Additionally, rep- 
resentative female subjects were used to compare the designed 
checkstand with the existing one. A time study of the simulated 

52 



Manufacturing Workstation Design 

.- e g  
2: 

Legend: 1. Printer and code catalog 
2. Deflector 8. Grocery item 
3. Laser scanner and scale 
4. Keyboard 
5. Price display 
6. Bag hanger 

7. Platforms 

9. Conveyor belt 
10. Normal working area 
11. Maximum working area 
12. Cash box 

Figure 4- 1 The normal and maximum working areas for a supermarket checkstand 
workstation comprised of the 5th, 50th, and 95th percentiles for the female in the 
horizontal and vertical planes. 

cashiers’ task in the laboratory showed a 15% improvement in work- 
er productivity. 

The main improvements in the proposed design were: 1) forward 
facing work posture and eliminating the required torso twisting, 
(forward facing location of laser scanner, weigh scale, bag hangers, 
keyboard and printerhode cataloging), 2) increased area on the 
conveyor belt within the normal working area, 3) placing the visu- 
al display (item price) within the normal line of sight of the opera- 
tor, and 4) adjustable height platforms to accommodate 5th, 50th, 
and 95th percentile female operators. The proposed design would 
improve working posture, provide flexible work height, reduce 
reach requirements, improve visual display requirements, and 
enhance productivity of the cashiers. 
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COMPUTERIZED HUMAN MODELING PROGRAMS FOR 
WO RKSTATI 0 N DESIGN 

The computerized human modeling programs for a manufactur- 
ing workstation design provide a convenient interface for the user 
to generate and manipulate true-to-scale, 3-dimensional(3D) imag- 
es of human and workstation characteristics graphically on the vid- 
eo display terminal (VDT). Through their use, the designer can 
construct a large number of anthropometric combinations to repre- 
sent the human. The programs give the user complete control over 
the development of the human model. They provide a comprehen- 
sive package to evaluate humadmachine interaction through easy- 
to-understand programmed commands. The user does not need to 
be a computer specialist to work with such programs. 

To illustrate the current state of development, Das and Sengup- 
ta (1995) selected six representative programs: CYBERMAN, COM- 
BIMAN, CREW CHIEF, JACK, SAMMIE, and MANNEQUIN. The 
important features of these human modeling programs follow. 

CY B ERMA N 
This model was developed by Chrysler Corporation (Waterman 

and Washburn 1978) in the late 1970s and later it was marketed by 
Control Data Corporation (Szmrecsanyi 1982). The basic anthro- 
pometry of the human model is based on the SAE 2D mannequins. 
The size of the mannequin can be changed by varying 11 scale 
factors. If all the scale factors are equated to one, the mannequin 
will have 95th percentile stature of male population. 

Through system prompts, the user is asked to supply all neces- 
sary positions and postural angles of the individual segments. Upon 
correct input of all these data and the scale factors, the program 
displays the human model. The workstation model is first generat- 
ed in an external CAD system and then imported into this pro- 
gram for analysis. 

To manipulate the posture of the human model, the postural data 
table is called back, and the necessary angles and position data are 
entered. On entering the display mode, the new posture of the hu- 
man model is displayed. The human model can be displayed ei- 
ther in a stick figure form or with a wireframe outline. However, it 
does not offer any external profiling with surfaces (Figure 4-2). 

COM B IMAN 
The COMBIMAN (computerized biomechanical man) program 

went through many revisions and the current version, reported by 
McDaniel(1990), was developed by Armstrong Aerospace Medical 
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Figure 4-2 CYBERMAN in front of a control panel (Szmrecsanyi 7 982). 

Research Laboratory. It is used to analyze the seated workplace 
for airplanes and helicopters. The program contains six anthropo- 
metric data bases for males and females. The individual body di- 
mensions of the human models can be defined in terms of any 
percentile (lst-99th) from any of these data bases. Alternatively, 
actual measurement data of an individual in terms of 12 external 
body dimensions can be used for sizing the human model. 

The program allows analysis of reach capability with arms and 
legs, visual limitations, and strength for operating controls. The 
human model can be manipulated by simply defining the task to 
be performed. 
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Reach analysis includes reach to a single control and computing 
a reach envelope in the plane of an instrument panel. Figure 4-3 
shows a typical reach analysis screen in the COMBIMAN program. 
Reach originates either from the torso or shoulder joint, depend- 
ing on the selected type of shoulder restraints. To evaluate strength, 
if a point or control in the forward hemisphere can be reached, the 
program displays the amount of force that can be exerted by an 
operator in that position. 

Figure 4-3 COMBIMAN human model showing the reach area on the right side 
console of a helicopter cockpit (McDaniel 7 990). 
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CREW CHIEF 
This program was also developed at Armstrong Aerospace Med- 

ical Research Laboratory (McDaniel1990). It was designed to eval- 
uate the maintainability of aircraft and other complex systems in 
terms of physical access for reaching into confined areas with hand 
tools and other objects, visual accessibility, and strength assess- 
ment for using both hand tools and manual material handling. 

The CREW CHIEF human model represents a maintenance tech- 
nician whose data base includes discrete lst, 5th, 50th, 95th, and 
99th percentile body segment 
sizes of male and female tech- 
nicians. It provides 12 default 
postures, such as standing, sit- 
ting, stooping, squatting, crawl- 
ing, in which the model can be 
imported into an environment 
and can be manipulated in 
task-oriented command. The 
user can select from four cloth- 
ing types that affect the joint 
mobility while performing au- 
tomated reaches. Similar to a 
COMBIMAN model, CREW 
CHIEF has the capabilities of 
reaching to a point, visual abil- 
ity assessment, and image pre- 
sentation. It contains 105 types 
of hand tools in its data base. 
Figure 4-4 shows a female mod- 
el using a wrench to tighten a 
bolt. It contains strength data 
regarding lifting, carrying, 
pushing, and pulling. 

JACK 

Figure 4-4 Female CR€W CHIEF human 
model using a ratchet wrench to  remove 
a bolt from a jet engine (McDaniel 7 990). 

This program was developed at the Computer Graphics Labora- 
tory of the University of Pennsylvania (Badler 1991). The human 
model consists of 88 articulated joints and has a 17-segment flexi- 
ble torso, which allows closer simulation of the human torso move- 
ment. Either population statistics or an actual data base of 
individuals can be used to provide the percentile data to carry the 
size of the human model. By selecting an appropriate somatotype, 
the external flesh profile can be altered. Default size of the model 
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is based on the anthropometry of civilian astronauts at NASA. Ad- 
ditionally, it provides a data base of biostereometric-scanned body 
surface data of 76 subjects. Through a spreadsheet-type interface, 
the user can try out and modify the percentile, gender, joint limits, 
or individual segment lengths. Reach can be analyzed by interac- 
tive positioning of the desired hand or foot. Human vision is ana- 
lyzed through a view as seen by the model or by placing translucent 
view cones at the model’s eye point. JACK provides on-screen 
strength data display. Figure 4-5 shows JACKwithin a typical work- 
station. 

SAMMIE 
SAMMIE (system for aiding madmachine interaction evalua- 

tion) was developed at Nottingham University, U.K. (Bonney et al. 
1979). The program is marketed now as a self-sufficient CAD pro- 
gram (Porter 1992). The SAMMIE human model is based on the 
dimensions derived from Dreyfus (1967). It contains 17 joints and 
2 1 segments contoured with plane surfaces. The anthropometry 
menu allows the user to access and change the segment lengths 
independently or collectively using either a percentile value or an 
actual dimension. The external flesh profile can be altered by us- 
ing the options available under the somatotype menu. The joint 
movements are realistically constrained. By moving its individual 
segments, the model can assume any posture. Figure 4-6 shows 
the use of SAMMIE in a computer workstation design. The pro- 
gram can produce a view of the workstation and the human model 
from any position. In a similar manner, it can produce the view of 
the workstation as seen from the human model’s eye. 

MANNEQUIN 
The program was developed by Humancad (1991), a division of 

Biomechanics Corporation of America. This human modeling pro- 
gram runs on the personal computer (PC) within the DOS operat- 
ing system. The program contains a data base of anthropometry 
from ten countries. Body type may be selected from three somato- 
types; heavy, normal, and thin. The human model can be shown in 
any of the three forms with increasingly complex outer profiles, 
stick figure, robot, and human form. The initial posture of the hu- 
man model is selected from the eight commonly adopted postures 
described by graphic icons. 

The human model consists of 46 body segments with each hand 
having five individual fingers and each finger divided into three 
joints. The program is provided with the function to produce a per- 
spective view that can be seen from any viewpoint and direction. 
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Additionally, for the analysis of the human model’s vision, it pro- 
vides translucent eye cones for foveal and peripheral vision. Its 
torque function calculates the movements of different body parts 
resulting from an applied load and moment on the hand and foot. 
Figure 4-7 shows the MANNEQUIN-generated human model with- 
in a meat-cutting workstation. 

Comparat ive Analysis 
The individual programs were compared under four broad crite- 

ria: 1) usability in terms of hardware and software; 2) anthropome- 
try and structure of the human model; 3) model manipulation, 

Figure 4-5 JACK human model seated within a workstation (Badler 7 99 7). 
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Figure 4-6 A computer workstation and human model developed by SAMMIE (Porter 
7 992). 

reach, and visual analysis functions; and 4) other ergonomic eval- 
uative functions (Das and Sengupta 1996). The programs differ 
considerably in terms of system requirements, operating charac- 
teristics, applicability, and the various ergonomic evaluation func- 
tions available in the human modeling programs. 

Conventional versus Computerized Workstation Design Methods 
Computerized workstation design methods permit a convenient 

and low-cost way of constructing and/or modifiying alternative 
workstation designs and easily evaluating many such iterations 
with the help of the variable anthropometry human model. The 
method allows for 3D evaluations of human/machine interface 
from the early stage of design. In the conventional workstation 
design process, this type of operator compatibility check is only 
possible at the later stage of the design, through a mock-up con- 
struction of the workstation. The computerized models, with their 
ability to produce a multitude of variable anthropometry human 
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Figure 4-7 MANNEQUIN-generated human model in front of a meat-cutting 
workstation (Humancad 7 99 7). 

models in standard user-defined postures, can provide a relevant 
and standardized fitting trial, eliminating the difficulty of select- 
ing representative personnel. 

The conventional design aids, such as line drawings, manne- 
quins, 3D dummy human models, and mock-up workstations, can 
virtually be replaced by the 3D computerized human workstation 
models. As the human attributes-structural size, volume, joint 
movement ranges, strength, mass, and inertial properties-are 
embedded within the computer program, the necessary calcula- 
tions required to evaluate posture, clearance, spatial compatibili- 
ty, visual requirements, biomechanical loads, and body balance can 
be handled by programmed routines. However, contrary to com- 
mon belief, the computerized workstation design method does not 
act like an expert system. It cannot by itself generate an optimum 
workstation design from a set of given conditions. The designer 
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must determine posture, working height, preferred line of sight, 
body clearances, and other pertinent physiological factors. Thus, 
for effective use of such computer programs in workstation de- 
sign, the designer must be knowledgeable of the relevant ergo- 
nomic principles and guidelines. 

With all its virtues, computerized human models are seldom used 
for workstation design in manufacturing industry. An estimated 
7% of the surveyed designers in the field use CAD models, where- 
as nearly half of them build mock-ups (Kern and Bouer 1988). CAD 
human modeling programs have been criticized in the past for their 
scarcity of documentation in literature and being allegedly ap- 
praised only by their developers. Many of the programs have been 
developed for a specific application (Rothwell and Hickey 1986). 
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EVOLUTION OF TOOLS 
There is considerable evidence that hand tools have been used 

for almost a million years. Many of today’s basic tools were invented 
in the prehistoric age and evolved over many thousands of years. 

Increased specialization in human activities and the change from 
agricultural to industrial activities led to the development of spe- 
cialized tools. It was about 10,000 years ago when specialized tools 
began to appear (Fraser 1980). These tools aided humans by ex- 
tending their physical capabilities and improving their control over 
the environment. 

The development of specialized tools was motivated by the need 
to improve mass production. Changes in tool design have been con- 
tinually made throughout the history of the human race. However, 
many tools widely used today, such as hammers, have survived 
their basic design without any major changes (Mital 1991). Mital 
(1991) attributed the lack of design changes in many basic hand 
tools to the absence of motivation for improvements. 
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TWO CATEGORIES 
Freivalds (1987) classified hand tools into two general catego- 

ries: agricultural/forestry tools and industrial/technological tools 
either manually-driven or power-driven. 

Manually-driven tools include: 
Percussive tools such as axes and hammers; 
Scraping tools such as saws and chisels; 
Drilling and boring tools such as drills and gimlets; 
Holding tools such as pliers, pincers, and tongs; 
Cutting tools such as knives and scissors; and 
Manipulative tools such as screwdrivers and wrenches. 

Externally-powered hand tools are normally operated by: 
Electricity, such as power saws, power drills, screwdrivers, 
hammers, and grinders; 
Internal combustion engine power, such as chain saws; 
Compressed air (pneumatic), such as rotary tools and percussion 
tools; and 
Explosive-driven tools, such as nail guns and splicers. 

PROPER MATCHING 
As mentioned earlier, hand held tools are designed mainly to 

extend human physical capabilities and improve control over the 
environment. The main objective of ergonomics is to have a prop- 
er matching between the worker, hand tool, and tasks performed. 
A basic understanding of the functional abilities and anatomical 
limitations of the upper extremities is essential for the design and 
selection of the proper hand tools. Also, one should be aware of the 
different types of disorders caused by improper hand tool design. 

ANATOMY OF THE UPPER EXTREMITIES 
The upper extremities consist of 60 bones in the arms and four 

bones of the shoulder girdle. These bones include the clavicle, scap- 
ula, humerus, radius, ulna, carpal, metacarpals, and phalanges. The 
muscles that produce motion in the hand, the wrist, and the fore- 
arm are summarized in Table 5-1. The upper extremity muscles are 
connected to the bones by tendons. The tendons, connected to the 
fingers as well as the various nerves and blood vessels, pass through 
a narrow channel in the wrist known as the carpal tunnel. There are 
four major nerves in the forearm and the hand-the ulnar, radial, 
median, and musculocutaneous that provide control of muscular 
contraction in the hand and forearm. 
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Table 5-1. Muscles of the upper extremities 

Muscle Action Nerve 

Flexor pollicis longus Flexes interphalangeal joint of the thumb. Assists in flexion of 
metacarpophalangeal and carpometacarpal joints. May assist in 
flexion of wrist. 

Flexes the metacarpophalangeal and carpometacarpal joints of the 
thumb. Assists in opposition of the thumb toward the little finger. 
May extend the interphalangeal joint. 

F I exo r po I I i ci s b rev i s 

Opponens pollicis Flexes and abducts the carpometacarpal joint of the thumb with 
medial rotation. Places the thumb by flexion into a position 
to oppose the fingers. 

Abductor pollicis longus 

Abductor pollicis brevis 

Abducts and extends the carpometacarpal joint. Assists in 
flexing the wrist. 

Abducts the carpometacarpal and metacarpophalangeal 
joints of the thumb in a ventral direction perpendicular to 
the palm. May extend the interphalangeal joint of the thumb. 
May assist in flexion of the metacarpophalangeal joint. 

Adducts the thumb, index. Assists in flexion of the 
metacarpophalangeal joints. Assists in extension of the 
interphalangeal joints of the same digits. 

Palmar interosseus 

Dorsal interossei Abducts the index, middle, and ring fingers from the axial line 
through the third digit. Assists in the flexion of the 
metacarpophalangeal joints of the same fingers. May assist in 
the adduction of the thumb. 

Median 

Median 
and ulnar 

Median 

Radial 

Median 

Ulnar 

Ulnar 



Table 5-1. Muscles of the upper extremities (continued) 

Flexor digitorum profundis 

F I exor dig i toru m 

Lumbricales 

Flexor digiti minimi 

Opponens digiti minimi 

Palmaris brevis 

Palmaris longus 

Flexor carpi ulnaris 

Flexor carpi radialis 

Abductor digiti minimi 

Flexes the distal interphalangeal joints of the second through fifth 
digit. Assists in flexion of the proximal interphalangeal and the 
metacarpophalangeal joints. Assists in the adduction of the index, 
ring, and little fingers. Assists in the flexion of the wrist. 

Flexes the interphalangeal suoerficialis joints of the first, second, third, 
and fourth fingers. Assists in the flexion of the metacarpophalangeal 
joints and assists in the flexion of the wrist. 

Extends the interphalangeal joints. Flexes the metacarpophalangeal 
joints of the fingers. 

Flexes the metacarpophalangeal joint of the fifth phalange. Assists in 
the opposition of the fifth phalange to the thumb. 

Helps to cup the palm. 

Adjusts skin on ulnar side of palm. 

Tenses skin of palm. Flexes wrist. May assist in flexion of the elbow 
and pronation of the forearm. 

Flexes and abducts wrist. May assist in flexion of the elbow. 

Flexes and abducts wrist. May assist in pronation of forearm and 
flexion of the elbow. 

Abducts and assists in flexion of the metacarpophalangeal joint of the 
fifth phalange. 

Median 
and ulnar 

Median 

Median 
and ulnar 

Ulnar 

Ulnar 

Median 

Median 

Ulnar 

Median 

Ulnar 

Muscle Action Nerve 



Table 5-1. Muscles of the upper extremities (continued) 

Muscle Action Nerve 

Extensor digitorum 

Extensor digiti minimi 

Extensor indicis 

Extensor carpi radialis longus 

Extensor carpi radialis brevis 

Extensor carpi ulnaris 

Pronator teres 

Pronator quadratus 

Adductor pollicis 

Abductor pollicis 

Extends the metacarpophalangeal joints. Helps to extend the 
interphalangeal joints of the first through fourth fingers. Assists in the 
abduction of the first, third, and fourth fingers. 

Extends the metacarpophalangeal joint of last digit. Helps in 
extending the interphalangeal joints of the little phalange. Assists in 
the abduction of the little finger. 

Extends the metacarpophalangeal joint of the index finger. 
Assists in extending the interphalangeal joints of the first finger. 
May help in adduction of the first finger. 

Extends and abducts the wrist. May assist in flexion of the elbow. 

Extends the wrist. May help in abduction of the wrist. 

Extends and adducts the wrist. 

Pronates the forearm, helps in flexion of the elbow. 

Pronates the forearm distal end of the radius. 

Adducts the carpometacarpal joint allowing the thumb to move 
toward the surface of the palm. Adducts and assists in flexion 
of the metacarpophalangeal joint. Assists in the opposition 
of the thumb to the little finger. 

Abducts and extends the long us carpometacarpal joint of 
the thumb. Assists in flexing the wrist. 

Radial 

Radial 

Radial 

Radial 

Radial 

Radial 

Median 

Median 

Ulnar 

Radial 



Table 5-1. Muscles of the upper extremities (continued) 

Muscle Action Nerve 

Extensor pol I icis brevis Extends the interphalangeal joint. Assists in the extension of the 
metacarpophalangeal and the carpometacarpal joints of the thumb. 
Assists in the abduction and extension of the wrist. 

Supinator Supinates the forearm. 

Biceps brachii Flexes the shoulder joint. May assist with abduction of the humerus 
when laterally rotated. Flexes elbow joint moving the forearm toward 
the humerus. 

Flexes the elbow moving the forearm toward the humerus. Bra c h ia I is 

Brachioradialis 

Triceps brachii 

Flexes the elbow. Assists in pronating the forearm to midposition. 
Assists in supinating the forearm to the midposition. 

Extends the elbow. May assist in extension of the shoulder. 

Anconeus Extends the elbow. May stabilize the ulna during pronation. 

Radial 

Radial 

Musculotaneous 

Musculotaneous 
and radial 

Radial 

Radial 

Radial 



A Design and Selection Guide for Hand Held Tools 

Knowledge of the anthropometric dimensions of the upper ex- 
tremities is essential in the design and selection of hand tools as 
well as the overall design of workstations and equipment in gener- 
al. Hand width ranges from approximately 3.16 in. (80 mm) for a 
1st percentile female (Garrett 1969a, 1971) to approximately 3.90 
in. (99 mm) for a 99th percentile male (Garrett 196913, 1971). Kroe- 
mer et al. (1986) summarized the body dimensions for U S .  female 
and male civilians. Table 5-2 provides a summary of the important 
hand dimensions. The means and standard deviations of ranges of 
motion of the upper extremities for both males and females are 
summarized in Table 5-3. Static grip strength of industrial male 
workers has been estimated to be about 90 pf (400 N) for the fifth 
percentile. Table 5-4 summarizes the maximum static finger forc- 
es (Konz 1990). 

INJURIES AND ILLNESSES F R O M  HAND H E L D  T O O L S  
It has been recognized recently that the design and selection of 

hand held tools can affect operator performance, efficiency, and 
productivity. The relationship between tool design and risk of in- 
juries has been well established. It is worth noting that tools were 
originally designed for occasional use only. However, the industri- 
al revolution brought about rapid and widespread use of all kinds 
of hand tools. Today, in a large number of jobs, tools may be em- 
ployed for as many as six hours in an eight-hour shift (Aghazadeh 
and Mitall987). Consequently, increasing numbers of workers are 
experiencing injuries and disabilities due to repetitive work stress. 
It is now widely known that improper use and design of hand tools 
may cause injuries and cost billions of dollars in lost work days 
(Aghazadeh and Mitall987; Mital and Channaveeraiah 1988; Putz- 
Anderson 1994). 

Improper hand tool design and usage result in a variety of acute 
and chronic injuries. Acute injuries represent a single incident of 
exposure, resulting in a cut, a bruise, etc. Illnesses or chronic in- 
juries, on the other hand, are cumulative trauma disorders such 
as tenosynovitis, carpal tunnel syndrome, tendonitis, ischemia, 
DeQuervain’s disease, Raynaud’s syndrome (vibration-induced 
white finger or dead finger), epicondylitis, and certain forms of 
arthritis. Workers whose jobs require repetitive hand motions of- 
ten suffer from cumulative trauma disorders. For definition and 
detailed description of these types of injuries, readers should refer 
to Mital(l991). 

71 



Table 5-2. Anthropometric measurements of the hands 
in. (cm) 

Hand length 

5th 50th 95th Standard deviation 

Male Female Male Female Male Female Male Female 

6.9 (17.60) 6.5 (16.40) 7.5 (19.05) 7.1 (17.95) 8.1 (20.60) 7.8 (19.80) 0.37 (0.93) 0.41 (1.04) 

I Breadth 13.2 (8.20) 12.8 (7.00) 13.5 (8.88) 13.0 (7.66) 13.9 (9.80) 13.3 (8.40) 10.19 (0.47) 10.16 (0.41) 

Circumference 

Thickness 

Thumb breadth 

7.8 (19.90) 6.7 (16.90) 8.5 (21.55) 7.2 (18.36) 9.3 (23.50) 7.8 (19.90) 0.43 (1.09) 0.35 (0.89) 

0.9 (2.40) 1.0 (2.50) 1.1 (2.76) 1.1 (2.77) 1.2 (3.10) 1.2 (3.10) 0.08 (0.21) 0.07 (0.18) 

0.8 (2.10) 0.7 (1.70) 0.9 (2.29) 0.8 (1.98) 1.0 (2.50) 0.8 (2.10) 0.08 (0.21) 0.05 (0.12) 

I Thumb length 12.0 (5.10) 11.9 (4.70) 12.3 (5.88) 12.1 (5.36) 12.6 (6.60)12.4 (6.10) 10.18 (0.46) 10.17 (0.44) 

Middle breadth 

Middle length 

Ring breadth 

Ring length 

2 I Index breadth 10.7 (1.70)10.6 (1.40) 10.7 (1.85)10.6 (1.55)10.8 (2.00)10.7 (1.70) 10.05 (0.12) 10.04 (0.10) 

0.7 (1.70) 0.6 (1.40) 0.7 (1.85) 0.6 (1.53) 0.8 (2.00) 0.7 (1.70) 0.05 (0.12) 0.04 (0.09) 

3.1 (7.80) 2.8 (7.00) 3.4 (8.53) 3.1 (7.77) 3.7 (9.50) 3.4 (8.70) 0.20 (0.51) 0.20 (0.51) 

0.6 (1.60) 0.5 (1.30) 0.7 (1.70) 0.6 (1.42) 0.7 (1.90) 0.6 (1.60) 0.04 (0.11) 0.04 (0.09) 

2.9 (7.40) 2.6 (6.50) 3.1 (7.99) 2.9 (7.29) 3.5 (8.90) 3.2 (8.20) 0.19 (0.47) 0.21 (0.53) 

I Index length 12.7 (6.80)12.4 (6.10) 13.0 (7.52) 12.7 (6.88) 13.2 (8.20)13.1 (7.80) 10.18 (0.46) 10.20 (0.52) 

I Little breadth 10.6 (1.40) 10.5 (1.20) 10.6 (1 57 )  10.5 (1.32) 10.7 (1 3 0 )  10.6 (1 50) 10.05 (0.12) 10.04 (0.09) 

I Little length 12.1 (5.40) 11.9 (4.80) 12.4 (6.08) 12.1 (5.44) 12.8 (6.99) 12.4 (6.20) 10.19 (0.47) 10.1 7 (0.44) 
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Mean 

142.0 
90.0 
99.0 
27.0 
47.0 

Table 5-3. Ranges of motion of the upper extremities (degrees) 

Standard 
deviation 

10.0 
12.0 
13.0 
9.0 
7.0 

I 
Mean 

151.4 
79.7 
60.6 
29.7 
50.4 

Range of 

Elbow flexion 

Wrist flexion 

Wrist extension 

Wrist abduction 

Standard 
deviation 

7.1 
15.1 
10.5 
9.1 

10.8 

Index finger versus object 

Middle finger versus object 

Ring finger versus object 

Little finaer versus obiect 

57.88 (13.01) 12.75 (2.87) 

62.78 (14.1 1) 19.62 (4.41) 

49.05 (1 1.03) 16.68 (3.75) 

31.39 (7.06) 10.79 (2.43) 

Table 5-4. Maximal static force for adult males 
pounds-force (N) 

I Finger I Mean I Standard deviation I 
I Thumb versus obiect I 16.10 (71.61) I 16.68 (3.75) I 

It has been estimated that 6% of compensable work injuries in 
the U.S. are caused by hand tools. The Bureau of Labor Statistics 
(1994) showed that for all private industries this trend holds true. 
Over 73,000 injuries involving at least one lost day due to the use 
of nonpowered hand tools, and 29,000 injuries from powered tools 
have been reported. 

A recent survey revealed that hand tools are the primary source 
of approximately 9% of all occupational injuries (Aghazadeh and 
Mital 1985). Hand held tools are used away from work more fre- 
quently than any other apparatus. According to the U.S. Consum- 
er Product Safety Commission, 280 deaths and 272,000 injuries were 
recorded that were associated with the use of home workshop ap- 
paratus, tools, and attachments (U.S. Consumer Product Safety 
Commission 1982). Aghazadeh and Mital(l985) estimated the an- 
nual costs associated with hand tool injuries to be in the range of 
$10 billion in the United States. 
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A SURVEY 
Aghazadeh and Mital(l987) developed a questionnaire that was 

mailed to various federal and state agencies in the United States to 
determine the frequency, severity, and annual cost of hand tool- 
related injuries in industry. It attempted to identify problem areas 
with regard to tool type, accident type, nature of injury, parts of 
body affected, industry, and characteristics of the injured worker. 
Results of the questionnaire showed that hand tool injuries were 
costly, severe, and frequent. Nonpowered and powered hand tools 
were responsible for 80% and 2070, respectively, of compensatable 
hand tool injuries. Higher injury frequency, associated with the 
nonpowered hand tools, may be due to their frequent use. 

The results of this survey indicated that, in the case of nonpow- 
ered hand tools, 71.2% of all injuries were caused by “striking by” 
or “striking against” tools. Overexertion was the second leading 
cause. “Caught in” or “between” contributed the least. It was noted 
that knives, hammers, wrenches, and screwdrivers caused the most 
injuries. They may cause injury by striking by or against the oper- 
ator. Wrenches and screwdrivers may cause the most overexertion 
injuries. In the case of powered hand tools, the same types of acci- 
dents were responsible for most injuries. “Struck by” and “struck 
against” types of accidents were caused by saws, drills, hammers, 
and grinders more than any other powered hand tool. 

Parts of the body most injured by nonpowered hand tools were 
the upper extremities followed by the trunk. The same was true 
for powered hand tools. In regard to powered hand tools, only, the 
second most injured part was the lower extremities. For both types 
of hand tools, about 30% of all body parts affected were fingers. 
Furthermore, about 56% of all upper extremities affected were 
fingers. It was concluded that fingers were the most injured part 
of the body. The head, neck, and eyes were the least injured parts. 

INJURY PARAMETERS 
The industries where hand tool-related injuries were numerous 

were manufacturing, mining, construction, and the wholesale and 
retail groups. Finance, insurance, and real estate groups, where 
hand tools are seldom used, had the least number of cases. Also 
contributing to the incidence of hand tool injuries was the service 
group, comprised of building maintenance workers, automotive and 
other repair shops, garden services, and health care services-ar- 
eas where hand tools are used frequently. 

Workers between the ages of 18 and 35 years suffered more from 
hand tool injuries than any other age group. The relative safety of 
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the older workers may be attributed to their experience, conserva- 
tive behavior, and relatively less demanding jobs. Older and more 
mature workers know their limits, do not take unnecessary risks, 
and are usually assigned to less strenuous jobs. 

PRINCIPLES OF HAND TOOL DESIGN 
Many injuries and illnesses could be prevented if hand tools were 

designed (or redesigned) to optimize the relationship between the 
worker and hand tool. Improvements in job design, proper selec- 
tion of hand tools, and implementation of safe operating proce- 
dures can further reduce the incidence of hand tool-related injuries 
and illnesses. An understanding of anatomical, physiological, ki- 
nesiological, anthropometric, mechanical, and psychological con- 
siderations is required for the proper selection and design of hand 
held tools. 

In outlining six basic requirements for properly designed hand 
held tools, Drillis (1963) concluded that the tool: 

Should effectively perform the function for which it was 
intended; 
Should be properly proportioned to the body dimensions of 
the operator; 
Should be suitably adjusted to the strength and work capacity 
of the operator; 
Should not cause premature fatigue; 
Must provide feedback (surface texture, temperature, force, 
etc.) to the operator; and 
Should be inexpensive and easy to maintain. 

The Technical Research Center of Finland (1988) provided guide- 
lines for selecting and evaluating pneumatic screwdrivers and nut 
runners, based on the review of published scientific information. 
These guidelines consider a variety of factors. 

Torque-the torque delivered to the workpiece should be 
approximately 60% of the maximum torque that can be 
generated by the tool. 
Tool type-straight and angled tools are best for downward 
screwing; pistol grip type tools (angle of 78" between the shaft 
and the handle) are best for screwing horizontally. 
The level of noise generated by the tool must not exceed 85 
dB for eight hours of exposure. 
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The noise vibration level must not exceed 126 dB for eight 
hours of exposure. 
The tool should be light, well-balanced, proportionately-sized 
and -shaped. 
The tool should be supported for reaction force if the torque 
exceeds 53 lbf-in. (6 Nm) for straight type tools, 106 lbf-in. (12 
Nm) for pistol type tools, and 443 lbf-in. (50 Nm) for angled- 
type tools. 
Handle length should be at least 3.93 in. (100 mm). Circular 
handles should be between 1.10 and 1.50 in. (28 and 38 mm) in 
diameter. Rectangular handles should be 1.60 x 0.98 in. (40 x 
25 mm) in size. 

Konz (1990) outlined the following principles for the design and 

Use special-purpose tools. 
Design tools to be used by either hand. 
Power with motors rather than with muscles. 
Use a power grip for power and precision grip for precision. 
Make the grip the proper thickness, shape, and length. 
Design the grip surface to be compressible, nonconductive, 
and smooth. 
Consider the angles of the forearm, grip, and tool. 
Use the appropriate muscle group. 

In general, hand tool design guidelines should be based on the 
principles of biomechanics and ergonomics regardless of the field 
of application. Some specific guidelines for selecting and designing 
hand tools are presented. 

EFFECTS OF GRIP WPE, SIZE, AND SHAPE 
The shape and size of hand tools have major effects on both per- 

formance and stresses on the upper extremities (Aghazadeh et al. 
1989). There are steps that can be taken to reduce stresses in the 
upper extremities and improve performance. Generally, hand tools 
should be designed to reduce excessive wrist deviation, shoulder 
abduction, and grip force requirements. Also, they should utilize 
the proper muscle groups, avoid static loading, and provide finger 
clearance. 

Precision grip involves small muscles, whereas a power grip in- 
volves larger muscle groups. It has been estimated that precision 
grips, on the average, provide only 20% of the strength of a power 

selection of hand tools: 
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grip (Swanson et al. 1970). Tools designed primarily for exertion of 
force, such as a hammer, should use a power grip; and tools de- 
signed for manipulation, such as a surgical knife, should use a pre- 
cision grip. 

Grip Size 
Pheasant and O’Neill(l975) reported that, for screwdrivers, in- 

creasing the diameter (from 0.70 to 1.57 in. [18 to 40 mm]) enables a 
power grip to generate greater force. Herzberg (1973) reported an 
increase in grip strength with grip diameter up to 2.6 in. (65 mm) 
and then a decrease. Ayoub and LoPresti (1971) found a grip diam- 
eter of 2 in. (50 mm) produced minimum electromyographic (EMG) 
activity. Based on the requirements of grip force, EMG, and mus- 
cle fatigue, they recommended a grip diameter of 1.5 in. (38 mm). 
Eastman Kodak Company (1983) recommended a power grip di- 
ameter of 1.57 in. (40 mm). Petrofsky et al. (1980) concluded that 
the optimum hand grip span should be between 1.96 and 2.37 in. 
(50 and 60 mm). Greenberg and Chaffin (1977) recommended that 
a power grip diameter be between 1.96 and 3.34 in. (50 and 85 mm) 
preferably 1.96 in. (50 mm). The maximum span should be 3.93 in. 
(100 mm) and the minimum span should be 1.96 in. (50 mm). The 
grip strength is maximized when the span is between 2.95 and 3.14 
in. (75 and 80 mm). The maximum force required to close the grip 
span should be about 19.8 lb (9 kg), which can be produced by 95% 
of the female population. Replogle (1983) recommended a grip di- 
ameter twice the size of the grip span, as it maximized the torques. 
For powered screwdrivers, Johnson and Childress (1988) recom- 
mended a grip diameter of 1.5 in. (38 mm). This recommendation 
was based on EMG activity that was lower for the 1.5-in. (38-mm) 
grip diameter compared to the 1.10-in. (28-mm) grip diameter for a 
screwdriver. 

For a precision grip, it was found that increasing a screwdriver 
handle diameter from 0.32 to 0.64 in. (8 to 16 mm) increased the 
time to drive a screw from 1.9 seconds to 3.6 seconds. Kao (1976, 
1977) recommended the preferred diameter for pens to be 0.52 in. 
(13 mm). According to Konz (1990), diameters less than 0.24 in. 
(6 mm) should be avoided for precision grips as they tend to cut 
into the hand if force is required. 

Based on anthropometric data, Konz (1990) recommended a min- 
imum grip length of 4 in. (102 mm) (preferably 5 in. [127 mm] grip 
length). Eastman Kodak Company (1983) recommended a grip length 
of 4.8 in. (122 mm). Lindstrom (1973), on the other hand, recommend- 
ed a handle length of 4.4 in. (1 12 mm) for men and 4 in. (102 mm) for 
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women. In reality, it is impractical to provide different handle length 
tools for the same work done by males and females. For external 
precision grip, the tool shaft must be a least 4 in. (102 mm) in length 
and must be long enough to be supported at the base of the first 
finger or thumb. For internal precision grip, the tool should extend 
past the tender palm, but not so far as to hit the wrist (Konz 1990). In 
general, the grip length should be selected to avoid excessive com- 
pressive forces or pressure on the tender parts of the palm in a way 
that would not limit the tool head opening. 

Grip Shape 
The grip shape should maximize the area of contact between 

the palm and the grip to provide better pressure distribution and 
reduce the chances of forming pressure ridges or pressure concen- 
tration points. This is particularly important for tools that require 
a power grip. Generally, the tools available in the market have a 
cylindrical-shape grip. Pheasant and O'Neill (1975) reported that 
the shape of the handle is not relevant as long as the hand did not 
slip while around it. 

The chances of hand slippage are reduced when a noncircular 
handle, such as rectangular or triangular, is used. The edges in 
such grips resist slippage. Mital and Channaveeraiah (1988) report- 
ed that the torque exertion capability of individuals with triangu- 
lar-handle screwdrivers was greater than with cylindrical-handle 
screwdrivers. For wrenches, torque exertion capability was maxi- 
mized when cylindrical handles were used. Pheasant and O'Neill 
(1975) recommended the use of the T-handle for screwdrivers over 
the straight handle to prevent wrist deviations and increase torque 
exertion. According to Saran (1973), the T-handle should be slant- 
ed (60' angle) to allow the wrist to be straight and should be 1 in. 
(25 mm) in diameter. 

According to Cochran and Riley (1986a), the thrust forces exert- 
ed with straight knives are as much as 10% greater with triangular 
handles as with cylindrical or rectangular handles. A handle pe- 
rimeter of 4.4 in. (112 mm) is recommended. For knives, a pistol 
grip is preferable to a straight grip (Armstrong et al. 1982; Kar- 
lqvist 1984). The angle of the grip should be 78" from the horizontal 
(Fraser 1980). 

Pheasant and O'Neill(l975) found that screwdrivers with cylin- 
drical and knurled surfaces provided greater torque exertion capa- 
bility than smooth-surface cylindrical handles. The 2-in. (5 l-mm) 
diameter handle with knurled surface maximized torque exertion. 
According to Mital(1991), grooves and indentations are generally 
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undesirable. The main problems with grooves are that they do not 
fit people’s different anthropometric measurements, creating pres- 
sure ridges that may lead to nerve compression and impairment of 
circulation. Slight and uniform surface indentations, however, are 
desirable as they allow greater torque exertion capability. 

Grip Material 
Konz (1990) recommended the use of compressible grip material 

that dampens vibration and allows better distribution of pressure 
across the paldgrip contact area. In general, metallic handles should 
either be avoided or encased in a rubber or plastic sheath. Wu (1975) 
and Mital(l991) indicated that the grip material should not absorb 
oil or other liquids and should not permit conduction of heat or elec- 
tricity. Wood or plastic are desirable handle materials and smooth 
grip surfaces are desirable. The surface, however, should not be slip- 
pery. Sharp indentations or grooves should be avoided as they cut 
into the palm, as previously indicated. 

Guards in front of the grip can prevent injury when the hand slips 
or when the hand and tool collide against a rigid surface. The guard, 
in such cases, prevents the hand from slipping and shields the hand 
against the impact. According to Cochran and Riley (1986b), guards 
of 0.60-in. (1.52-cm) height provide adequate safety. 

EFFECTS OF GLOVES 
The use of gloves for safety interferes with an individual’s range 

of motion and grasping abilities. A portion of force generated by 
muscular contraction is wasted in maintaining the grip that reduc- 
es torque production. Swain et al. (1970) and Sudhakar et al. (1988) 
found that the peak grip strength with rubber and leather gloves 
was about 15% lower compared to grip strength without gloves. 
However, no significant differences in muscle activity between 
gloved and non-gloved conditions were found. Reduction in 
strength also has been reported by Lyman (1957) and Hertzberg 
(1973). Gloves also change the effective anthropometric measure- 
ments of the hand. According to Damon et al. (1966), the hand thick- 
ness increases from 0.2 to 1 in. (5 to 25 mm) and the hand width at 
the thumb increases from 0.32 to 1.6 in. (8 to 41 mm) when gloves 
are used. The increased size of the gloved hand should be taken 
into consideration in the design and selection of hand held tools. 

Weidman (1970) studied the influence of different kinds of gloves 
on manual performance. Performance times decreased by 12.5%, 
3670,4570, and 6470 as compared to no gloves, when neoprene, terry 
cloth, leather, and PVC gloves, respectively, were worn. In some 
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cases, gloves improve speed, enhance friction, and reduce the task 
strength requirements (Riley et al. 1985; Bradley 1969a, 1969b). 

EFFECTS OF WRIST P OSlTlON 
It has been well documented that wrist deviations cause various 

problems, including reducing productivity and grip strength 
(Tichauer 1976; Terrell and Pursewell 1976). It is recommended to 
keep the wrist straight to avoid chronic illnesses and loss in pro- 
ductivity. If any bending is required, the tool, rather than the wrist, 
should bend (Tichauer and Gage 1977). By bending the handles 
and increasing the length of the upper handle, it is possible to keep 
the wrist straight and avoid nerve, tissue, and blood vessel com- 
pression. Many investigators use bent handles in designing differ- 
ent tools (for example, pliers, soldering irons, hammers) to reduce 
user fatigue and stress (Yoder et al. 1973; Tichauer 1966; Emanuel 
et al. 1980; Granada and Konz 1981; Krohn and Konz 1982; Knowl- 
ton and Gilbert 1983; Konz and Streets 1984; Konz 1986; Schoen- 
marklin and Marras 1989a, 1989b). For hammers Konz (1986) 
concluded that a 10" bend is preferable for subjects. It has been 
shown that the angle size of bend does not influence performance. 

EFFECTS OF TOOL WEIGHT AND MUSCLE GROUP 
It has been demonstrated that the tool should not weigh more 

than 5.06 lb (2.3 kg) to reduce muscle fatigue (Greenberg and Chaf- 
fin 1977; Eastman Kodak Company 1983). Johnson and Childress 
(1988) found that powered screwdrivers weighing 2.4 lb (1.1 kg) or 
less do not produce significantly different magnitudes of EMG 
activity. 

Power grips are used when exertion of force is required. Larger 
and stronger forearm muscles, instead of the smaller and weaker 
finger muscles, should be used for these applications. Trigger strips 
rather than trigger buttons should be used (Konz 1990). A spring 
should be used to open the handles because the muscles used for 
closing the hand are stronger than those that open it (Radonjic 
and Long 1971). 

Effects of Right-handed Versus Left-handed Operators 
Tools are designed mostly for right-handed users. Konz (1974) 

estimated that 10% of the population is left handed. The preferred 
hand is about 7 to 20% stronger (Shock 1962; Miller 198l), more 
dexterous (Kellor et al. 1971), and faster (Konz and Warraich 1985). 
Also, right-hand tools require a different action when used by the 
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left hand (Capener 1956). For instance, the right-handed scissors, 
when used by a left-handed person, requires a reversal of pressure 
upon the rings of the scissors. This leads to a tendency to twist it. 
The shearing surfaces thus lie in the vertical plane instead of the 
horizontal plane. In many instances, tools designed for the right 
hand cannot be used by left-handed individuals (Laverson and 
Meyer 1976). Tools designed for use by either hand can avoid such 
problems. 

SAFETY CON SI D E RAT1 0 N S 
Worker training for proper and safe operation of hand tools is 

one of the most important factors that should be considered in the 
use of hand held tools. It has been estimated that nearly 60% of 
workers who suffer amputation injuries did not receive adequate 
safety training before working with the tool that caused the injury. 
A good training program should be implemented to reduce injury 
incidents. 

Specific safe practice rules for using many types of hand tools 
have been established (US. Department of Labor 1981). In gener- 
al, pinching hazards, sharp corners, and edges should be eliminat- 
ed. Brake devices on power tools should be installed so the operation 
can be stopped in case of emergency. Maintenance and periodic 
inspections are important for safety. Personal protective equipment 
should be used, when applicable, to avoid injuries. The type of pro- 
tective equipment depends on the tasks and conditions, which 
should be analyzed to determine potential hazards. The protective 
equipment should be selected according to the identified hazard@). 

CONCLUSION 
Designers and engineers can apply the basic principles of ergo- 

nomics and safety to the design and selection of hand held tools to 
reduce injury incident rate. Administrative measures can minimize 
exposure to repetitive tasks, thereby improving productivity and 
reducing the risk of injury. The following concepts should be con- 
sidered in the design and/or selection of hand held tools: 

1. Reduce excessive wrist deviation and shoulder abduction. It 
is recommended to keep the wrist straight to avoid chronic 
illnesses and loss in productivity. If any bending is required, 
the tool, rather than the wrist, should be bent. 
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2. Minimize grip force requirements and utilize the proper 
muscle groups. When exertion of force is required, larger and 
stronger forearm muscles, instead of the smaller and weaker 
finger muscles, should be used. 

3. A spring should be used to open handles because the muscles 
used for closing the hand are stronger than those that open it. 

4. Avoid static loading. The tool weight should be minimized to 
reduce muscle fatigue. Use tools weighing less than 5.06 lb 
(2.3 kg) or support the weight of the tool by mechanical 
suspension. 

5. Tools designed primarily for exertion of force should use a 
power grip, while those designed for manipulation should use 
a precision grip. 

6. Handle diameter should be 1.6 to 3.4 in. (41 to 86 mm) for power 
grip and 0.4 to 0.64 in. (10 to 16 mm) for precision grip. 

7. Grip length should be at least 4 in. (102 mm) (preferably 5 in. 
[127 mm] grip length). 

8. Grip shape should maximize the area of contact between the 
palm and the grip. 

9. Grooves and indentations are undesirable, however, slight and 
uniform surface indentations allow greater torque exertion 
capability. 

10. Compressible grip material should be used to dampen vibra- 
tion and allow better distribution of pressure across the palm/ 
grip contact area. 

11. Metallic handles should either be avoided or encased in a rub- 
ber or plastic sheath. Grip material should not absorb oil or 
other liquids and should not permit conduction of heat or elec- 
tricity. Wood or plastic are desirable handle materials. 

12. Guards in front of the grip can prevent injury when the hand 
slips or when the hand and tool collide against a rigid surface. 

13. The increased size of the hand when using gloves should be 
taken into consideration in the design and selection of hand 
held tools. 

14. A left-handed user is at a disadvantage when using a tool de- 
signed for a right-handed individual. Tools should be designed 
for use by both hands. 
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15. A good training program should be implemented to reduce 

16. Personal protective equipment can be used to avoid injuries. 
injury incidents. 
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GATHERING SAFETY DATA 
The use of software for safety and ergonomics in companies is 

increasing (Canadian Centre for Occupational Health and Safety 
1996; Hartung 1993; Ross 1991; Wrench 1990), but it appears that 
the possibilities of information technology have not yet been uti- 
lized sufficiently in safety management and ergonomics (Rasanen 
et al. 1993). 

Almost all respondents in the study of Rasanen et al. (1993) used 
a computer in their work, and nearly a third used some kind of 
safety software. The use of computers has been mainly a positive 
experience. Also communication and data management have im- 
proved. F’urther development of safety information systems was 
felt to be an important task. 

To make effective and appropriate decisions for safety, true and 
sufficient information about the risks and working conditions is 
needed. If this information is missing, resources may be directed 
at irrelevant problems, and the desired results are not achieved. 
For continuous safety improvements, the effects of implemented 
safety measures and achievement of desired goals must be realized. 
If this information is missing, the results are mere guesswork, and 
the motivational effect of good feedback is lost (Aaltonen 1996). 

A workplace is comprised of madmachine systems in which in- 
teraction between man and machine in the environment is crucial 
for safety and health. Safety may be defined as the system’s ability 
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to estimate occurrence of unwanted events. The level of safety may 
be measured by risk, and the quantitative description of safety is a 
result of risk estimation. 

Safety does not occur at random. Rather, it is the definite out- 
come of decisions made by designers and managers. The design of 
workplace safety requires expertise and special design methods to 
be integrated into the design process. We may say that the level of 
workplace safety is one criterion for designer expertise. 

S JA N DARDlZATlO N 
Ergonomic and safety standardization is one approach closely 

connected with international integration. In recent years, the num- 
ber of ergonomic and safety standards has increased rapidly. Stan- 
dards are necessary to provide quality control and to support 
legislation and regulations used in establishing an acceptable in- 
ternational market (Parsons 1994). 

The European Experience 
The importance of workplace safety can be recognized by gov- 

ernmental norms. In recent years, the number of ergonomics and 
safety standards has increased rapidly. In the European Union, the 
Council Directive (89/39 1/EEC) on the introduction of measures to 
encourage improvements in the safety and health of workers, in- 
cludes the general principles that the employer shall evaluate the 
safety and health risks of the workers; and implement measures 
that avoid risks, evaluate risks, combat risks at source, adopt work 
to the individual, replace dangerous items with nondangerous or 
less dangerous ones, and give appropriate instruction to workers. 

The European Council (EC) Directive (89/392/EEC) relating to 
machinery, aims to ensure that machinery taken into service does 
not endanger human health or safety. The machinery must fulfill 
the health and safety requirements set in the directive. If a harmo- 
nized European standard is prescribed for essential safety require- 
ments, machinery constructed in accordance with this standard 
shall be presumed to comply with the relevant essential require- 
ments. To certify the conformity of machinery with the provisions 
of the machinery directive, the manufacturer must draw up an EU 
declaration of conformity, which consists, where appropriate, of a 
reference to the harmonized standards. This is why safety and 
health, as well as ergonomic standards, have become so crucial to 
the designers of machinery. 

European Organization for Standardization (CEN) is working 
with over 100 safety and ergonomics standards, and the Interna- 
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tional Organization for Standardization (ISO) also has similar ac- 
tivities. This means a huge amount of ergonomic and safety infor- 
mation and knowledge has to be considered by designers and by 
design management. There is an urgent need to integrate this in- 
formation into the design information system (Mattila 1996). 

Advanced information technology also provides remarkable pos- 
sibilities for ergonomic design and safety management (Haijanen 
et al. 1995; Takala 1992; Aaltonen 1992; Ross 1991; Wrench 1990; 
Suokas 1990; Kjellen 1987; Successful Accident Prevention 1987). 
The objective of this chapter is to introduce how computerized in- 
formation systems can be utilized in ergonomic planning and safe- 
ty activities. 

SAFETY MANAGEMENT INFORMATION SYSTEMS 
Safety management requires a comprehensive information sys- 

tem that includes data on incidents and accidents, risks, and safe- 
ty performance. This means a hierarchical safety measurement 
system. 

The measurement of safety should consist of different methods, 
depending on which indicator of safety is measured. Methods used 
to measure safety are different types of accident investigations, 
risk analyses, and safety audits. Reactive safety outcomes should 
be measured by changes in insurance premium expenditures or in 
the number of accidents (Heinrich et al. 1980; Tarrants 1980; 
Johnson 1988). 

Safety responsibilities in a company are connected with the 
workers’ tasks and duties. Therefore, these persons have different 
needs for safety information, and the safety information systems 
should be based upon these needs. 

Crucial safety information for safe performance consists of ma- 
terial safety data, work and safety instructions, instructions on elec- 
trical safety and fire prevention, and maintenance information 
about the machines and equipment. For safety management deci- 
sions, information on risks, accidents, sick leaves, and safety costs 
are important (Rasanen et al. 1993). 

SUPPORTIVE SAFEN INFORMATION 
In principle, the need for safety information and the types of 

safety information systems could be classified into three main cat- 
egories from the company’s point of view (Table 6-1): 

1) information available outside a company, 2) information 
produced within a company, and 3) information needed outside a 
company. 
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Table 6-1. Safety information classification 

Domain of information need 

Supportive safety information 
available outside a company 

Safety information produced 
within a company 

The need for safety information 
outside a company 

Detailed domain of information need 

Safety legislation, safety agreements 
between labor unions and employer 
federations, safety standards, safety 
literature, educational material, etc. 

Proactive safety data, for example, 
material safety data sheets, safety audits 
and inspections, task observations, hazard 
screenings, organizational rules and 
work permits, information on personal 
protective equipment, etc. 

accidents, near-misses, sickness, fires, 
losses, costs, etc. 

Data on ergonomic design and safety 
planning, for example, emergency 
planning, ergonomic design of workplaces, 
first aid planning, safety analysis, etc. 

systems, for example, in production 
management systems, maintenance infor- 
mation systems, or communication systems 

Reactive safety data, for example, 

Safety data included in other information 

Administrative safety data which a company 
should provide for the insurance company 
or to authorities, for example, labor inspectors 

Examples of safety software 

Data bases on safety, health, and ergonomics 
Bibliographic data bases on safety, health, and 
ergonomics 
Internet services on the topic 
Training packages (multimedia applications) 
ExDert svstems for decision support 

Chemical safety data sheet information systems 
Information systems for work and safety 
instructions 
Audit information systems 
Hazard screening information systems 

Accident information systems 
Sick leave information systems 
Loss control information systems 

CAD software for human modeling 
Emergency response information systems 
Safety analysis information systems 
Job design tools 

Company-specific information systems 

Accident information system provides specific 
accident information for labor inspectors and 
insurance companies 
Electronic accident and claim data transfer 
between companies and insurance companies 
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Data From Outside a Company 
There is a raft of information from outside a company that helps 

form the basis for an entire safety management policy. Such data 
include safety legislation, safety agreements between labor unions 
and employers’ federations, safety and ergonomics standards, safe- 
ty literature and research, and educational material (Takala 1992). 

Safety information is available through various media, such as 
books, journals, and brochures, diskettes, CD-ROM disks, on-line 
Internet services, or from data banks. Various multimedia solu- 
tions can be obtained for safety education. Expert systems for sup- 
porting safety decisions are also available. 

Data from Within a Company 
Information from within a company could be classified as mon- 

itoring data on risks and working conditions as well as data on 
safety planning and execution. Utilizing safety information pro- 
duced within a company has a huge potential for improving safety, 
ergonomics, and productivity (Aaltonen 1996; Ross 1991; Saari and 
Aaltonen 1989; Successful Accident Prevention 1987; Kjellen 1987; 
Reason 1994). 

Data Needed Outside a Company 
Qpically, a company’s administrative safety data need to be pro- 

vided for the insurance company or for authorities, such as the 
Occupational Safety and Health Administration (OSHA). Comput- 
erized safety information systems can considerably decrease the 
routine work of preparing information forms. 

JOB RISK ASSESSMENT AND PARTICIPATORY SAFEW AND HEALTH 
Job and task analysis is needed to support the redesign of prob- 

lematic tasks in a workplace. Besides the objective risk identifica- 
tion, risk assessment, and risk control by the designer and 
managers, safety and health procedures must be organized to be 
effective. Many research reports have shown that participation 
improves the quality of safety and health of workers in many ways, 
and also affects the final outcome of development projects (Lund 
et al. 1993). 

Job load and hazard analysis (JLHA) is a participatory method 
for hazard screening, risk assessment, and safety improvement 
meant for use by occupational health care or safety staff together 
with personnel (Mattila 1985). Risks can be grouped into five cate- 
gories: 1) chemical risks, 2) physical risks, 3) physical workload, 4) 
accident risks, and 5) mental stress. Identified risks are assessed 
according to a three-point rating scale (0, 1,2), where a rating of 2 
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' 

means the risk is a danger to safety and health, and some preven- 
tive measures are needed. Risk identification is performed by the 
workers and safety and health professionals. The summarized find- 
ings are assessed by a team of managers, and proposals for im- 
provements are made. 

A computer program has been developed to make data collec- 
tion and analysis easy and practical, and provides appropriate re- 
ports to serve as a background for decisions on risk reduction. It 
produces: 1) a risk assessment report for jobs analyzed, 2) a report 
on occupational health, including occupational health care, and 3) 
a list of recommendations for preventive measures. 

The JLHA supports cooperation among the personnel, enhanc- 
es continuous improvement toward total quality management, and 
has contributed to reducing workplace risks (Figure 6-1). 

loads and hazards 
in jobs 

Workers' 
questionnaire, 

observations, and 
interviews by 
the analyst 

A. Preliminary job hazard analysis and supplementary methods 

Identification of the Group work 
discussion and 
assessment of 
the findings 

Team 
meetings 

Evaluation of 
hazards to 

workers' health 

Meeting of the 
occupational 
health care 
personnel 

Initiative 

B. Supplementary methods 

Feedback 

implementation 
of supplementary 

methods 

I More detailed I 
information 4 about hazards I 
and their 

prevention 

Figure 6- 1 Structure of the AHA method (Mattila 1985). 
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COMPUTER-AIDED DESIGN FOR ERGONOMICS 
Several commercial softwares for ergonomic design and plan- 

ning recently became available (Canadian Centre for Occupational 
Health and Safety 1996). These softwares fall into four classes: 1) 
training, 2) simulation, 3) job design, and 4) integrated informa- 
tion systems. 

TRAINING AND INSJRUCJIONAL SOFJWARE PACKAGES 
Training and instructional software packages are typically in- 

teractive and supportive information systems, either for expert use 
or for employee motivation and education. The features of these 
softwares can include, for example, overview information on ergo- 
nomics, definitions of ergonomic injuries, examples of risk factors 
in the workplace, elements of a successful ergonomics program, 
and various 3D illustrations. Some softwares can be tailored to com- 
pany-specific needs. For example, established written ergonomics 
policies and programs can be incorporated into some educational 
softwares. 

SIMULATION SOFJWARES FOR ERGONOMICS 
Simulation softwares allow the user to visualize and evaluate 

the work and the workplace before it is built. The user can simu- 
late the situation of the actual job. These systems are typically com- 
patible with computer-aided design (CAD) systems, and the most 
advanced systems are called virtual reality (VR) applications. 

A Mannequin’s Eyes 
Simulation software typically allows the user to see the work- 

place through a mannequin’s eyes, and various analyses can be 
done, such as biomechanical, anthropometric, angular, postural, 
vision, and reach analyses. The “mannequin” program can repre- 
sent a variety of the population by modifying anthropometric vari- 
ables and degrees of freedom for the mannequin. 

Simulation makes it easy for the designer to get a realistic over- 
view of the content and form of the object being designed. In this 
way, CAD simulation and animation provide a tool to support par- 
ticipation in the design process. Potential operators can imagine 
the system more easily through a simulation model rather than an 
abstract engineering drawing. Thus, it is a better basis for true 
participation (Mattila 1996). 

Simulation software can be used when analyzing cumulative 
trauma disorders. It can also be used when evaluating ADA require- 
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ments at those companies interested in performing pre-placement 
screening of new employees. 

JOB DESIGN TOOLS FOR ERGONOMICS 
Job design tools have been developed for different purposes, such 

as static strength prediction, estimating energy expenditure rates 
of manual material handling tasks, video analysis for performing 
biomechanical and ergonomic evaluations of job tasks, preventing 
repetitive strain injuries, and analyzing manual lifting jobs. 

These softwares are practical tools for solving various ergonom- 
ic problems. Usually these systems are based on ergonomic assess- 
ment methods or guidelines. For example, analysis of manual lifting 
jobs is based on NIOSH lifting guidelines. 

OWAS Method 
Working postures cause significant problems at many work- 

places. The Ovako Working Posture Analysis System (OWAS) meth- 
od has proved to be one of the most successful tools for this analysis. 
After developing a computer program for the rapid analysis of re- 
sults, as well as the demonstration reports, OWAS has become a 
practical tool to support participatory redesign (Mattila et al. 1992). 
The OWAS computer program gathers data at the workplace and 
analyzes and reports the results. The OWAS computer program 
can generate: 1) an overall report on time allocation in different 
postures and a risk assessment for those jobs analyzed, 2) a rank- 
ing of jobs or tasks analyzed according to the amount of poor pos- 
tures, 3) a list of the most hazardous postures identified, and 4) a 
list of tasks where the poor postures occurred. 

The OWAS analysis may be accompanied by a videotape of the 
task in question, which makes it easy to determine proposals for 
new improvements. It has been recommended that the results of 
the OWAS analysis be handled by a participatory cooperation group 
where specialists, managers, and operators discuss their findings 
and make suggestions for improvements. Operators themselves 
are able to identify poor work situations, which is useful for speci- 
fying and promoting needed changes (Figure 6-2). 

INTEGRATED SYSTEMS FOR OCCUPATIONAL SAFEW, HEALTH, AND 
ERGONOMICS 

Some multi-task safety and health information systems include 
modules for ergonomic planning of the workplace. The informa- 
tion on ergonomics is integrated into other safety and health infor- 
mation modules and thus improves its usability. Typically these 
large information systems run on minicomputers or mainframes. 
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1 =STRAIGHT 
2 = BENT FORWARD, BACKWARD 
3 = TWlSTED OR BENT SIDEWAYS 
4 = BENT AND TWISTED OR BENT 

FORWAFXl AND SIDEWAYS 

1 = BOTH ARMS ARE BELOW 
SHOULDER LEVEL 

2=ONEARMISATORABOVE 

3 = BOTH ARMS ARE AT OR 
SHOULDER LEVEL 

ABOVE SHOULDER LEVEL 

LEGS 
1 = SlnlNG 
2 = STANDING WITH BOTH LEGS 

3 = STANDING WITH A WEIGHT ON 

4 = STANDING OR SQUATrING WITH 

STRAIGHT 

ONE STRAIGHT LEG 

BOTH KNEES BENT 
5 = STANDING OR SQUATrING WITH 

6 = KNEELING ON ONE OR BOTH KNEES 
7 = WALKING OR MOVlNG 

ONE KNEE BENT 

6 < 
\ 

LOADNSE OF FORCE 

1 = 10 KG OR LESS 

2= LESS THAN 20 KG 

3 = MORE THAN 20 KG 

WORK PHASE 
00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 

Figure 6-2 Postures in OWAS system. 

EXAMPLES OF COMP UTER-AIDED DESIGN FOR ERGONOMICS 

Design Support Checklist 
One method to help designers evaluate workplace safety is to 

use safety and health checklists. An ergonomic checklist may con- 
tain: (1) physical demands, (2) task visibility, (3) mental demands, 
(4) machine design, (5) VDT (video display terminal) tasks, (6) safe- 
ty, (7) ambient environment, and (8) product and process design 
(Helander 1995). 

An example of such a checklist is the Flexible Manufacturing 
System (FMS) ergonomic and safety checklist (Leppanen et al. 
1991). Checklist items are based on essential standards for the er- 
gonomics and safety of flexible manufacturing systems. In this way 
the checklist is universal and may be used for all kinds of flexible 
manufacturing systems. 

In the software, all ergonomics and safety requirements given 
for FMS in relevant standards are presented, and these can be 
checked when the system is designed. With the aid of this soft- 
ware, ergonomics and safety information are integrated into the 
design process. The designer documents the standards used for 
the object in question and accepts the liability required by modern 
legislation. 
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The checklist is divided into six parts: layout design, mechani- 
cal design, electrical design, control design, maintenance design, 
and installation design of the system. In this way, designers may 
simultaneously use relevant questions for the specific area under 
consideration. The questions are formulated in the manner of ad- 
vice. A positive answer to the question means that the system is 
safe enough. The structure of the list is shown in Table 6-2. The 
five questions for mechanical design are presented as examples in 
Table 6-3. 

Table 6-2. Design support checklist structure 

Layout design (23 questions) 
Isolation and safeguarding of danger zones; 
Location of controls; 
Location of equipment requiring maintenance; and 
Location and measurements of aisles and service platforms. 

Mechanical design (40 questions) 
Location and measurements of electrical equipment; 
Isolation and safeguarding of danger zones; 
Location of equipment requiring maintenance; 
Requirements of structural strength; 
Location of controls; 
Location and measurements of aisles and service platforms; and 
Structure of safety limit switches. 

Control design (23 questions) 
Determination of critical components; 
Safeguarding of danger zones; 
Starting of the system; 
Protection of control equipment; 
Information flow in the process; and 
Manual running of the system. 

Electrical design (32 questions) 
Control of the system and its components; 
Structure of safety equipment; 
Placement of wiring; 
Housing and labeling of electrical equipment; and 
Safeguarding of danger zones. 

Maintenance design (24 questions) 
Safety requirements for maintenance. 

Installation design (24 questions) 
Safety requirements for the installation design and installation process. 
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Table 6-3. Mechanical design questions 

1. Are all wires protected against hard mechanical stress, chips, dust, and 
exposure to liquids? 

2. Are the hydraulic pipes protected so that they may not be contacted 
accidently? 

3. Are the engines placed so that they can be easily inspected, serviced, or 
disassembled, and are the wires easily accessible to disconnect if 
necessary? 

4. If the loading/unloading of the system is done manually, is the working 
height ergonomically suitable? 

5. Has every reachable run-in point, squeeze point, shear point, and catch 
point in material transportation system(s) been safeguarded? 

The checklist is then transferred into an AutoCAD system that 
allows the user to make his or her own menus in the software. The 
questions are installed in the ACAD.HLP file, each question hav- 
ing its own cell. 

To promote the systematic use of the checklist, seven menus are 
built into the system. One main menu controls the list, with six 
submenus, one for each group of questions. When one is chosen, 
its first question appears on the screen, along with the name and 
number of the standard on which the question is based. After the 
first question, the user can continue to the other questions until 
the list is completed. All AutoCAD commands and the CAD model 
can be modified interactively while the checklist is being read. 

INTERACTIVE ERGONOMIC- ORIENTED PRODUCTION SYSTEM 
DESIGN 

A new ergonomic-oriented information system, ErgoCopTM, was 
developed for workplace designers in a research program called 
“Good Design Practice” (Lehtela and Kiiskinen 1993). ErgoCop is 
intended for use during the process of designing assembly work- 
places. Its aim is to provide the designer with all data needed dur- 
ing the design project from the existing information system. 

The knowledge of designers and ergonomic experts is collected 
into the ErgoCop system. Reasonable design solutions for assem- 
bly line workplaces are also stored within the system. The program 
is implemented as a hypermedia application that can be utilized 
with CAD programs. The information is presented as text, tables, 
drawings, and photographs. (Lehtela and Kiiskinen 1993). The Er- 
gocop program consists of the following: 
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4. Material handling 

5. Furniture and 
adjustment 

Information on ergonomic requirements and design principles 
for different workplaces (Table 6-4); 
Workplace template cards containing the documents created 
for each workplace designed; 
Project documentation, including feedback from the operators 
and safety and health professionals about the workplaces in 
operation; 
A glossary of photographs and drawings of workplaces and 
successful ergonomic solutions; and 
A library of components, such as equipment and tools, used 
for building workplaces. (See Table 6-5.) 

9. Workplace materials 14. Ease of maintenance 
and cleaning 

15. Ease of product 

16. Layout of the assembly 

10. Lighting 

line 

Table 6-4. ErgoCop’” workplace information 

1. Work content 

2. Conveyors and 
material flow 

6. Machines and 
equipment 

7. Test devices 

11. Other environmental 
factors 

12. Liquids and other 
materials used in the 
process 

3. Workplace layout 8. Hand tools 13. Training and 
information I 

The basic information in the ErgoCop system is textual. In the 
text there are so-called “hot words” that function as links to pic- 
tures and tables. A workplace card is created for all new workplace 
designs. The card contains the following items: links to the draw- 
ings and sketches; addresses of the workplaces built according to 
the drawings; a list of components used in building the workplace; 
information on design decisions and solutions to problems that 
arose during the design process; and feedback from workers and 
ergonomic experts when the workplace is tested in real time. 
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Data from workplace design 
projects; design decisions, 
solutions to the problems, 
and improvements suggested 
by workers and occupational 
health personnel. 

A glossary containing the 
layout drawings, timetables, 
and memos created. 

A record of the components 
used in building workplaces. 

Block 

Ergonomic 
information 

Designers have a collection 
of methods and solutions 
which can be reused in 
future projects when similar 
workplaces are designed. 

Helps to keep a record of 
the documents created 
during the project. 

Designers easily find the 
information on frequently 
used comDonents. 

Workplace 
cards 

A glossary containing photos 
and drawings of workplaces. 

Projects 

A forum where good 
ergonomic solutions are 
presented. 

Components 

Photographs 

Table 6-5. ErgoCop program components 

Selection of ergonomic 
data (in both text and 
pictures). tailored to the company. 

Provides the designers 
with ergonomic knowledge 

The ErgoCop program is accessible to ergonomic and safety per- 
sonnel so they can add to the program and give feedback about the 
designs implemented. In the next design task, the feedback will 
be considered, poor solutions avoided, and the ergonomic quality 
of the system improved. 

TRANSOM JACK" HUMAN MODELING 
A new generation of computer-aided human modeling systems 

has been developed in recent years. They offer a large variety of 
possibilities to analyze and visualize human task behavior in a vir- 
tual environment. With the aid of these new virtual reality (VR) 
tools, it is possible to evaluate ergonomic and safety features of 
workplaces and machinery already in the early stages of design. 

Virtual reality has already been employed in architecture, with 
virtual offices created and inspected before their designs are com- 
mitted to reality. In these applications, the expert designer or fu- 
ture user can see the work environment and even move within it. 

One of the most advanced human modeling packages is the Dan- 
som Jack software. This is a commercial product developed by the 
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Center for Human Modeling and Simulation at the University of 
Pennsylvania with the collaboration of NASA. 

3D Interactive Environment 
Transom Jack provides a 3D interactive environment for control- 

ling articulated figures. It features a detailed human model and in- 
cludes realistic behavioral controls, anthropometric scaling, task 
animation and evaluation systems, view analysis, automatic reach 
and grasp, collision detection and avoidance, and many other useful 
tools for a wide range of applications. Transom Jack software re- 
quires a Silicon Graphics workstation running I R E  4.x or greater. 

Three-dimensional CAD designs of new machines and worksta- 
tions can be studied with Transom Jack to answer several ques- 
tions. Are the dimensions suitable for users of different sizes and 
for those with possible handicaps? Does the worker see all the rel- 
evant items in the surrounding space to execute the work safely? 
What is the strain on the different joints of the body during the 
work task? Is the worker going to suffer from fatigue after a few 
iterations (Laitinen et al. 1996)? 

Transom Jack uses familiar tools, such as the mouse and pop-up 
menus that facilitate learning the software. The average designer 
is able to operate the modeling system after only a few days of 
training. The software is versatile and advanced. The hardware 
requirements, the user’s expertise in human factors and ergonom- 
ics, and the time taken by the user, will increase in proportion to 
the complexity of the software used during the design process 
(Haijanen et al. 1995). 

Transom Jack software also has interfaces to the electromagnet- 
ic movement monitoring system. With motion sensors attached to 
the worker, the virtual worker simulates his work tasks, and we 
can carry out various tests, such as strength analysis (Figure 6-3). 
A data glove and a head-mounted display also can be used. With 
the head mounted display, you can see what the virtual human 
figure sees. When you turn your head, the figure turns his head. 
With data gloves (or in the future a skin-tight body suit with sen- 
sors) the worker’s movements become the figure’s movements. In 
the future when computing power improves, the virtual human 
also will be able to hear, feel, and sense the environment (Laitinen 
et al. 1996). 

IGRIP SOFWARE 
The IGRIP program includes 3D models of the most common ro- 

bots in its library of symbols. This is why the system is especially 
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suitable for the documentation and design of automated produc- 
tion systems. IGRIP also includes the 3D man model, making it 
possible to analyze the whole madmachine system, the tasks car- 
ried out by operators, as well as the madmachine interface. This 
simulation model even allows for carrying out systematic ergonom- 
ic and risk analysis for both the technical production system and 
the madmachine interface. Kuivanen (1995) studied the reliability 
and coverage of risks identified through IGRIP simulation models 
and compared them with results from the same production sys- 
tems in reality. His results showed that the reliability and the cov- 
erage of risk identification are satisfactorily high using this 
software. 

INTEGRATION OF SAFETY AND ERGONOMICS 
As previously stated, the EC directive on machine safety (891 

392/EEC) and strict liability regulations make it necessary for ma- 
chine manufacturers to prove that machines and the pertinent 
documentation meet safety and health requirements. The direc- 
tive sets out the central requirements and detailed instructions are 
given in harmonized European standards. Planning a machine in 
accordance with harmonized safety standards ensures conformity 
with the requirements specified in the directive. 

In practice, the manufacturer: 1) designs and manufactures 
machinery according to the essential health and safety require- 
ments; 2) prepares the technical documentation and has a type 
examination made, if necessary; and 3) signs the declaration of 
conformity and fastens the CE-mark onto the machinery. 

The EC directive on machine safety and the harmonized Euro- 
pean standards have shown the need to integrate safety and ergo- 
nomic design into the design process in a comprehensive and 
systematic way. The manufacturers and customers need to know 
that the safety and ergonomics points have been designed suffi- 
ciently. Because of this, computer-aided tools are needed. 

The aims of a computer-aided design tool are to present infor- 
mation on safety standard directives to designers, document what- 
ever safety measures are taken, and support the designer in 
producing the document that clarifies compliance with the safety 
and health legislation (Figure 6-4). 

During the machine design process, the CE standard program 
can be run simultaneously with CAD tools. The program, activated 
by the progress data base, works in both UNIX and PC environ- 
ments. Information on safety standards and the EC machine safe- 
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w 

Figure 6-4 User interface of  C€-standard software. 

ty directive are stored within the data base. The open data base 
structure also allows the designer to create and add his own design 
rules and solutions, as well as the company’s own standards. In 
addition, safety documentation can be created by the program. Ref- 
erences to the European standards and to the CE machine safety 
directive are created and added automatically to objects being 
drawn. The designer can also add his own comments and reason- 
ing to the documentation. 

CONCLUSIONS 
The safety level is one criterion for assessing the quality of a 

workplace’s design. Design practices should utilize the knowledge 
and tools available, enabling the integration of safety expertise into 
the resulting design. 

Simulation application is an expanding area in ergonomic plan- 
ning. The utilization of virtual reality provides flexible tools for 
the planning of production facilities together with safety consider- 
ations (Haijanen et al. 1995). 
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Applications of artificial intelligence and expert systems have 
not developed in safety management as rapidly as was anticipat- 
ed. It might be that the development of an expert system is a labo- 
rious task, and the benefits may not be as good as expected. Expert 
systems are, nevertheless, needed in safety management, and many 
applications are available to support decisions (Krishnamurthy et 
al. 1991; Suokas 1990; Lehto and Miller 1987). 

The usability of information systems is an important consider- 
ation in developing information technology. This applies also to 
safety information systems. First, the compatibility of organiza- 
tion and information systems should be flexible, so that the safety 
information systems really support the safety goals of the organi- 
zation. Computerization and mastering information systems de- 
mand more work and training from personnel. It is important to 
make sure that the implementation of information systems hap- 
pens smoothly and in compliance with the conditions of the orga- 
nization. Safety information systems should be integrated 
operatively into the other information systems of a company (Aal- 
tonen 1992). Safety information flows should be smooth, and the 
interfaces of software should be user-friendly. Programming tech- 
niques should be flexible to provide applications that are easy to 
tailor to the company’s needs. 
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Training enables an organization to be proactive in the system- 
atic implementation of ergonomics. It maximizes investment in 
people and technology in ways that can be measured in terms of 
safety, productivity, and quality. 

Training needs to be perceived as only one aspect of a compre- 
hensive ergonomics program (NIOSH 1993). Most important, to be 
truly effective, training needs to include managers, engineers, safe- 
ty and health professionals, supervisors, human resources, facili- 
ties, and purchasing, as well as hourly workers. This philosophy of 
training assumes a macroergonomics approach to the implemen- 
tation of ergonomics. A macroergonomics approach means there 
is a system that includes both the technical aspects (equipment, 
tools, environment) and the social aspects (management style, or- 
ganizational structure, training) (Hendrick 1984). 

In his description of the “learning organization,” Peter M. Senge 
states: “Organizations learn only through individuals who learn. 
Individual learning does not guarantee organizational learning. But 
without it, no organizational learning occurs’’ (Senge 1990). 

CHARACTERISTICS OF GOOD TRAINING 
Characteristics of good training include the nature of the adult 

learner, the role of the trainedfacilitator, and the environment. 

NATURE OF THE ADULT LEARNER 
Well-designed training programs are based on assumptions about 

how people learn. The principles of the adult learning theory, as 
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defined by Malcolm Knowles (Knowles 1984) and updated by him 
and others are: 

1. 

2. 

3. 

4. 

5. 

Adults are motivated to learn when they feel the need or have 
the interest to know more about something. If they are not 
ready to learn, they will not learn. 
Adults learn best when their own experience is an integral 
part of the learning. Their work and life experiences have 
defined who they are. 
Adults learn best when learning to solve a problem or cope 
with a change in their real-life situations. 
Adults have a need to be self-directing in the learning process 
because, as in other aspects of their lives, they want to be 
responsible for their own decisions. 
Adults have a wide range of individual differences and, 
therefore, have varied learning styles, pacing, and timing that 
must be met. 

Training needs to focus on developing habits, which are defined 
as the “intersection of knowledge, skill, and desire” (Covey 1990). 
Habits are internalized principles and patterns of behavior that 
need to be developed if training is to have a measurable impact. 

Adults need to be able to integrate new ideas with what they 
already know if they are to use the information. Also, information 
that conflicts with what they already know to be true is integrated 
more slowly because the conflict forces a re-evaluation of old ideas. 
For example, in many organizations, management has always per- 
ceived safety and ergonomics as separate from the core business 
functions. So, when they are presented with the idea that safety 
and ergonomics actually contribute to the core business functions 
and need to be considered in the formative stages of any process, 
product, or environment change, they often need substantial proof 
before accepting the idea. 

ROLE OF THE TRAINER/FACILITATOR 
Many training courses are structured on the traditional model 

that the trainer is the giver of information and the participants are 
the receivers. While it is true that the trainer usually has more ex- 
pertise in the subject matter at hand, it is also true that the learner 
may know more about the situation in which the training is to be 
applied. A true trainer is a facilitator, a catalyst, who can draw on 
the learners’ experiences to apply new concepts to real-life situa- 
tions and who encourages self-directed learning. 
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Setting the Stage 
A facilitator sets the stage by providing a workable physical en- 

vironment, containing appropriate resources and organizational 
framework, and by creating an atmosphere where the learner feels 
free to make mistakes. Perhaps most important, a facilitator is a 
good listener who provides feedback in a positive way, never em- 
barrassing or ridiculing a learner. Because good trainers under- 
stand the principles of adult learning, they follow certain guidelines 
(Joyce 1989): 

1. Provide practice through on-the-job application of the training. 
2. Appeal to the learner’s senses and learning style by using a 

variety of instructional techniques: lectures, audiovisual 
materials, printed matter, demonstrations, role playing, 
workshops, simulations, software, large and small group 
discussions, presentations by class members, etc. 

3. Reward appropriate responses and behavior, particularly 
examples where the learner applies the knowledge on the job. 
Respect the learners and value their input. 

4. Keep the learner active. 
5. Focus on strategies to help participants change habits. It is 

important that they believe their actions can make a 
difference. They must understand why recommendations are 
made, verbalize their commitment, and demonstrate what they 
are learning. 

6. Help participants understand the change process. They need 
to know that change of any kind in large organizations is a 
complex and lengthy process, often taking years. Effective 
change involves a planned process of communication among 
the organization’s different levels and segments to foster a 
shared set of values and goals for the change process. 

THE ENVIRONMENT 
All of us have sat in rooms that are too large or too small, too hot 

or too cold, too bright or too dark, with distracting noises and odors 
from the next room. We have found ourselves in uncomfortable 
seats, straining to see a screen with print too small to read beyond 
the first row. If you are in a position to organize a training session, 
address as many of the physical issues as possible. If the space is 
too large, arrange the tables so that the group occupies only a por- 
tion of that space. If the room is too small, limit the number of 
participants and arrange the room as optimally as possible, remov- 
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ing extraneous items. Contact the facilities person in advance about 
controlling temperature. Learn where the controls for the lights 
are and how the window coverings work so that you can adjust for 
showing items on a screen and for discussion and work group situ- 
ations. Plan for stand-up rest pauses at least once an hour. 

Many organizations underestimate the time and resources 
required to develop effective in-house training. They often find, 
after an initial false start, that external resources must be used for 
at least part of the work. 

Cost-justifying the training, based on all available information, 
is the final step. Considerations such as the expected impact on 
injury reduction, reduction of lost time, productivity improvements, 
or reduction of production costs are usually the basis for the cost- 
justification (Joyce 1994). Even if the training is initiated as part of 
a corporate policy to train all employees in a wide range of health 
and safety issues, it is wise to cost-justify ergonomics training to 
enhance the buy-in of managers. 

FIVE PHASES 
Why should we train in ergo- 

nomics? Whom should we 
train? What type of training is 
appropriate? How does ergo- 
nomics training relate to and 
contribute to the core business 
functions? How do I document 
the ergonomics changes we are 
making in the plant? These are 
the types of questions that 
many organizations ask as they 
begin to implement an ergo- 
nomics program that includes 
training. 

Successful training involves 
five phases: planning, develop- 
ment, delivery, measurement 
of impact, and improvement 
(Figure 7-1). 

P LANNlNG 
The initial step in the plan- 

ning process involves identify- 
ing the need for ergonomics 

4 Planning 

of impact 
of training 

Integration/ 
I Improvement I 
I I 

Figure 7-7 Five phases of successful 
training. 
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training based on the strategic plan and data collection. The next 
step is to define the scope in terms of audience, content, goals, and 
objectives of the training, in collaboration with the department/ 
people to be impacted. The third step is to plan the budget, time 
frame, and resources for the training. It is at this point that deci- 
sions about whether to develop training in-house or to use an ex- 
ternal consultant are usually made. 

DEVELOPMENT 
In the development phase, the first step is to define the respon- 

sibilities of those involved in the development, delivery, and eval- 
uation of the training. Often these are shared responsibilities 
between the ergonomics team members, the training department, 
and the external consultant. Even if you are using consultants to 
customize and deliver training, someone internally needs to com- 
municate the goals and objectives to them so that the organization 
derives more benefits from the training. 

The second step involves elaborating on the scope of work out- 
lined in the planning process. Here, objectives are matched with 
the various participant populations and an outline of the content, 
training methodology, and materials to be used is established. Part 
of this step is to define how the impact of the training will be mea- 
sured over a specific period of time. In the applications section of 
this chapter is an example of the type of information each popula- 
tion needs for ergonomics development. 

The third step involves the detailed development of all the ma- 
terials: trainer’s manual, participant manual, slides, videos, trans- 
parencies, learning activities, workshops, and actual experience in 
the workplace (checklists, work area consultation guidelines). 

Generally, the final step of the development stage is a pilot course 
so that the stakeholders can evaluate all aspects of the training, 
and so that the training development team or consultant can make 
changes before proceeding to a major implementation. 

If you use an external consultant to provide the training, either 
through an informal selection process or through a formal request- 
for-proposal process, consider the criteria outlined in Figure 7-2. 

D EllVE RY 
Successful delivery training requires attention to detail and ex- 

cellent coordination. In addition to making appropriate arrange- 
ments for training rooms, audiovisual equipment, material 
reproduction and shipment, it is critical to convey the objectives to 
the participants and their managers. 
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Selection Criteria for an Ergonomics Training Consultant 

1. Experience of the consultant in providing training in similar industries or 
type of work (knowledge of the industry alone does not assure good train- 
ing because the person may not have the ability to communicate the infor- 
mation so that it is understandable). 

2. Client references, reflecting success over several years. 

3. Credentials of the organization; check to see how long they have been 
specialists in ergonomics, whether the ergonomists developing/conducting 
the training have masters degrees in ergonomics, whether training special- 
ists are involved in the development phases so that the training technolo- 
gies are sound. 

4. Ability and willingness of the consultant to customize the training to meet 
your particular requirements; for example, if you are using the consultant 
to train using his/her materials, make sure that he/she takes slides and 
videos of your sites to use in the courses. If you are having the consultant 
develop proprietary training for your company, without using any of the 
consultant’s materials, be sure that the contract specified that the materials 
are the property of your organization. 

clients. 

(papers, articles, books, etc.). 

5. Documentation of measurable results that training has yielded for other 

6. Evidence that the organization/ergonomist has the respect of its/his peers 

Figure 7-2 Selection criteria for an ergonomics training consultant. 

If possible, schedule a management briefing to outline the ob- 
jectives and to seek input from the managers regarding the agen- 
da. The briefing will also enable you to motivate managers to 
support ergonomics efforts. For example, if a group of manufactur- 
ing and process engineers is being trained, the engineering man- 
ager must be aware of the issues and set the expectation that 
ergonomics will be considered in modifying or designing worksta- 
tions and equipment. 

The actual facilitation of the training needs to be consistent with 
the adult learning theory defined earlier in this chapter and the 
guidelines regarding the use of visuals. 

It is critical that training not be simply lecture. For change to 
occur, the participants must experience a variety of learning activ- 
ities. The trainer needs to plan those learning activities. Ideally, 
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any videos or slides involved should be of the plant or, at least, of a 
similar plant, so that participants can relate to familiar situations. 

MEASURING THE IMPACT 
Often, success measurement ends with the evaluation form that 

participants complete at the end of the course. This level of evalu- 
ation is important because it focuses on the skills and knowledge 
specified in the training objectives. It provides feedback on the 
extent to which the training brought attendees to the desired level 
of proficiency. This type of formative evaluation is conducted to 
assess the clarity, organization, and comprehensibility of the in- 
struction. Surveys, focus groups, interviews, self-assessment tests, 
and behavioral demonstrations are common methods of formative 
evaluation. Information gleaned from these evaluations should be 
used to refine the training pro- 
gram (NIOSH 1993). However, 
a second, more meaningful, 
way is to measure the impact 
by considering the effect on the 
person doing the work, the job 
itself, and the organization 
(Figure 7-3). 

Impact on the participants, 
their jobs, and the organization 
can be measured by observing 
demonstrations in the class- 
room or on the plant floor, as 

Measuring the 
Impact of Training 

on 

Person I l'gb 
l - l  Organization 

well as on the job, after the 
training is completed. 

It is important to build the 
basis for measuring change 
into the training. For example, 
perhaps for every job that must undergo a corrective action, a be- 
fore-and-after checklist needs to be completed with a short note 
documenting the results of the change. Health and safety profes- 
sionals, for example, need to learn a system for documenting trends 
based on the injury and illness data to track reductions in injuries 
and their related costs. 

Impact on the Person 
Engineers being trained can complete an analysis of a video- 

taped job during a workshop segment of the training; supervisors 
can complete a checklist while observing a task that an office worker 

I 
Figure 7-3 Measur ing  t h e  impac t  of  
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is doing; a safety person can assist a worker in adjusting a work- 
station; a worker can work with his hands in a neutral position 
while using a screwdriver; a worker can adjust the height of a chair 
to improve his or her posture; a product design engineer can elim- 
inate the need for 30% of the fasteners required for an assembly 
task, based on ergonomics principles. 

Impact on the Job 
Impact on the job also can be measured by establishing a base- 

line and tracking individual project results. For example, you might 
find the cycle time of an electronics assembly operation has been 
reduced 40% (Figure 7-4). 

Electronics Industry-Assembly 

10 
8 
6 
4 
2 
0 

40% reduction 

Figure 7-4 Cycle time reduction. 

As a result of one ergonomics training program in an office en- 
vironment, workers improved productivity and quality. Within two 
weeks, the employees’ key strokes per hour were 7,150; operators 
not in the program took 12 weeks to reach that speed. 

One significant measure is to identify the reduction in risk fac- 
tors (Figure 7-5) with a checklist after changes are made to a job. 
Example: placing heavy parts near a workstation eliminated a lift- 
and-carry operation, minimizing the number of lifts from floor level 
and, consequently, reducing the number of repetitions and force 
required to complete a task. 
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Risk Rating Reduction 

Low Medium High 

Before 

After 

0 10 20 30 40 50 60 70 

38.9% reduction on Ergonomics Checklist 

Figure 7-5 The reduction in risk factors after changes are made to a job. 

Impact on the Organization 
The most meaningful measurement is the impact on the organi- 

zation. This is the culmination of the training and is the most like- 
ly to sustain long-term interest in and support for an ergonomics 
program. The effect can be measured by relying on company data, 
such as: 

Reduction in workers’ compensation costs or lost days; 
Improvement in productivity data, such as minimizing the 
time it takes new hires to reach the standard; 
Overall reduction in use of packaging materials; and 
Turnaround time from incoming order to delivery to client. 

INTEGRATION AND IMPROVEMENT 
The final stage in the training process is to take steps to assure 

that the effects of the training are integrated into the organization. 
For example, does the ergonomics team continue to work with 
Engineering to make sure that changes occur? Does the Purchas- 
ing Department follow ergonomics criteria when purchasing tools, 
furniture, and equipment? 
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Someone in the organization needs to have ownership of the 
training process on a sustained basis to assure success. The train- 
ing needs to be re-evaluated and improved, based on input from 
participants and changing needs in the organization. For example, 
after initial training for engineers, more advanced training may be 
required to take them to a higher level of analysis and problem- 
solving. 

Refresher Training 
Research indicates that refresher training needs to be conduct- 

ed about once a year. “At a minimum, refresher training (both aware- 
ness and jobhisk specific) should be provided annually to maintain 
employee motivation, reaffirm organizational commitment, and 
allow a forum for employee feedback on all factors shown to great- 
ly affect the transfer of training. In addition, targeted training 

Case Study: Ergonomics Training Leads to Design Change 

The Client 
A large multinational petrochemical company 

The Challenge 
A petrochemical company asked for assistance in training its ergonomics task 
force in the manners used to identify, analyze, and develop solutions for those 
iobs containing ergonomics stressors. In addition to instructing the individuals 
regarding identification and quantification of ergonomic stressors, the semi- 
nar allowed for the development of design criteria for specific products. 

The Result 
In a session led by the ergonomist, the group was able to finalize those 
design criteria which would not only decrease the employee exposure to er- 
gonomic stresses, but also better control the well. The following occurred as 
a result of a design change: 

The company is now better able to meet the environmental and federal 
regulations regarding the well’s location in relation to bodies of water, 
reduce possible contamination, and control the well. 
The risk of injury to the employees is reduced by 25% due to the reduc- 
tion in parts. 
The time required to change the gasket is reduced by 20-50%. 

By incorporating a change in the gasket, the client was not only able to 
annually decrease the amount of time required to change it by 52.1 days/ 
employee, but theywere also able to ensure increased compliance with envi- 
ronmental and federal regulations. 
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should be delivered on an ‘as needed’ basis when the medical sur- 
veillance data or worksite analysis of an existing or modified job 
indicate a training need” (NIOSH 1993). 

JOB-SPECIFIC TRAINING 
After having addressed the principles of ergonomics training, it 

is important to address specific content for various audiences. This 
section specifies the reasons for training, the types of training that 
need to be provided, and the audience for each type. 

The goal of training and education is to cause changes in behav- 
ior at all levels in the organization. The effect of properly designed 
ergonomics training should be to change the way work is performed 
and how equipment and processes are designed to reduce the num- 
ber of ergonomically-related injuries and illnesses. Training also 
should be geared to enable the organization to conduct worksite 
analyses as well as develop strategies for hazard prevention and 
control and medical management. The training must be designed 
so that information provided is consistent with the roles and re- 
sponsibilities of each individual. All levels of the organization need 
to be trained, including corporate and plant management, health 
and safety professionals, supervisors, facility managers, engineers 
(both manufacturing and product), and employees. Product design 
engineers need to be trained so that design criteria related to man- 
ufacturing are included in all specifications. If those product spec- 
ifications are combined with design criteria for workplaces, tools, 
equipment, and processes, then potential problems can be designed 
out initially. Timelines need to be established to indicate at what 
point in the entire process each group needs to be trained. 

MANAGERS 
The training and briefing for managers needs to occur early in 

the process to secure commitment. However, it may be wise to wait 
until after some pilot work has been done and the initial medical 
safety records review has been completed so that management has 
some hard data to justify authorization of the program. The train- 
ing should include: 

Definition of ergonomics; 
Need for ergonomics; 
Cost of injuries nationally and a summary of plant-specific 
data on injurieshllnesses, quality, and productivity; 
Videos or slides of problem areas at selected sites; 
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Benefits of ergonomics; and 
Examples of results after implementing ergonomics at spe- 
cific sites and companies. 

HEALTH AND SAFETY PROFESSIONALS 
Training for health and safety professionals, engineers, plant 

level ergonomics steering team, and facilities managers provides 
the expertise necessary to initiate a program and plan all its ele- 
ments. The training should include: 

An overview of ergonomics issues; 
Causes of musculoskeletal injuriedillnesses; 
Prevention strategies, including application of engineering, 
work practice, and administrative controls; 
Worksite analysis methodologies; 
Risk assessment and prioritization; 
Documentation procedures to measure results and track 
changes; and 
Guidelines for setting up and implementing an ergonomics 
plan. 

MANUFACTURING ENGINEERS 
Three to five days are needed to focus on engineering solutions 

to problems, simple modifications, and major changes. This en- 
ables participants to quantify improvements in existing facilities 
as well as to work on new facilities. The training should include: 

Benefits of ergonomics; 
Identification and quantification of ergonomic stressors; 
Principles and criteria for design of workstations, tools, etc.; 
Problem-solving methodologies; 
Documentation requirements of safety, productivity, and qual- 
ity improvements; 
Criteria for designing new workplaces, equipment, and spac- 
es to prevent problems; 
Guidelines for product design manufacturability; and 
Cost justification. 

Many typical methods for justifying projects are based on the 
assumption that injuries will happen if no changes are made or 
that injuries will be avoided as a result of changes. Other cost jus- 
tification methods are based on a consideration of probabilities. 
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The methods allow ergonomics teams and engineers to assess pay- 
back, which might be impossible with traditional methods. The 
approaches used include breakeven point, simple payback period, 
present worth method, and profit margin. These methods do not 
excuse the ethical obligation to eliminate known workplace haz- 
ards; they simply help prioritize solution alternatives. 

SUPERVISORS, TECHNICIANS, ERGONOMICS TEAM LEADERS, 
LABOR REPRESENTATIVES 

This training is critical to the success of an ergonomics program 
because the supervisors play such a key role as the liaison with 
employees. Often, they know the jobs very well and are excellent 
sources of information for identifying problems and suggesting 
modifications. The training should enable participants to: 

Identify the causes of musculoskeletal injuries/illnesses; 
Assist the health and safety committee in identifying prob- 
lem jobs (that is, using a checklist); 
Make simple modifications and adjustments to the workplace; 
Apply the principles of ergonomics as they are setting up jobs 
or developing work procedures; 
Communicate with workers and support design changes; and 
Provide input to the engineers. 

EMPLOYEES 
The hourly workers need to be involved in the process. Howev- 

er, they should not be trained until the support system (engineers, 
supervisors, health, and safety personnel) has been established and 
budgets are in place for making improvements. The training should 
last about two hours and include such ergonomics and job-specific 
topics as: 

Information about the body’s capabilities and limitations; 
Appropriate positions and movements; 
Appropriate use of tools, equipment, etc.; 
Stretches and massages that can be used to prevent the onset 
of muscular fatigue and discomfort; 
Information on ergonomics principles so that they can pro- 
vide valuable input to the health and safety committees and 
engineers during the solution design process; and 
Information on the early reporting of symptoms of discom- 
fort so the problem can be solved before serious complica- 
tions occur. 
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MEDICAL AND HUMAN RESOURCE PROFESSIONALS 
Training for medical departments, medical providers, and Hu- 

man Resource managers is key to returning injured workers to work 
in a timely manner and to tracking trends in injuries. Medical de- 
partment training should include: 

Instruction in early recognition, evaluation, treatment, and 
rehabilitation of ergonomic injuries; 
Principles of ergonomics and epidemiology; 
Characteristics of the jobs the workers are performing; 
Analysis of trends in injury and illness rates; 
Logs and documentation of changes, including ergonomic 
checklists, before-and-after photos and job summaries; 
Employee symptoms surveys; and 
Policies that focus on the psychological issues. 

Ergonomics training is the cornerstone of an effective ergonom- 
ics program that contributes to core business functions. 
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PHYSICAL LOAD AT WORK 
Physical load at work demands dynamic and static muscle work 

for the exertion of force. Muscular work in occupational activities 
can be roughly divided into four groups: heavy dynamic muscle 
work (mainly moving of own body weight), manual material han- 
dling (moving external loads), static work, and repetitive work. 
Manual material handling and repetitive tasks may be either dy- 
namic or static muscle work in nature or a combination of these 
two. Static postural work is frequently observed, for example, in 
office work, the electronics industry, and in repair and maintenance 
tasks. Repetitive work tasks can be found in the food and wood 
processing industries, among others. 

In many jobs, physical work performed by large muscle groups 
will remain indispensable in spite of technological developments. 
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In Finland, it is estimated that in the 199Os, 10-20% of the work 
force is exposed daily to heavy muscular loads (Louhevaara and 
Smolander 1993). Heavy muscular exertion is most frequently need- 
ed in forestry, agriculture, building, installation, transportation, 
manual sorting, health, home care, and cleaning. Individuals in 
special occupations, such as firefighters, police officers, and sol- 
diers also frequently experience heavy muscular exertion. 

High-productivity and high-quality work require work ability and 
good worker health. Work ability, however, cannot be maintained 
without continuous and appropriate preventive ergonomic, psy- 
chosocial, and individual measures carried out by occupational 
health and safety practitioners. The need for such measures is in- 
creasing, particularly among aging workers (Ilmarinen and Lou- 
hevaara 1994; World Health Organization 1993). Before selecting 
and implementing measures for maintaining work ability, it is of- 
ten necessary to perform reliable field assessments of physical load 
during actual work. 

PHYSIOLOGY OF MUSCULAR WORK 

Dynamic Muscle Work 
In dynamic work, active skeletal muscles contract and relax 

rhythmically. Blood flow to the muscles is increased to match the 
metabolic needs. The increased blood flow is achieved through 
increased pumping of the heart (cardiac output), decreased blood 
flow to inactive areas, such as kidneys and liver, and increased 
number of open blood vessels in the working musculature. Heart 
rate (HR), blood pressure, and oxygen consumption GO,) increase 
in linear relation to working intensity of the muscles. Also, pul- 
monary ventilation is heightened due to deeper breaths and in- 
creased breathing frequency. The purpose of activating the whole 
cardiorespiratory system is to enhance oxygen delivery to the work- 
ing muscles. VO, measured during dynamic muscle work indicates 
the intensity of the work. The maximum oxygen consumption 
#O,max> indicates the person’s maximum capacity for aerobic 
work. VO, values can be translated to energy expenditure (1 liter 
of VO, per minute equals a 21 kJ/min or 5 kcaymin). 

STATIC MUSCLE WORK 
In static work, the muscle contraction does not produce visible 

movement; for example, in a limb. Static work increases the pres- 
sure inside the muscle, which, together with the mechanical com- 
pression, partly or totally occludes the circulation. The delivery of 
nutrients and oxygen to the muscle and the removal of metabolic 
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end-products from the muscle are hampered. Thus, in static work, 
muscles fatigue more easily than in dynamic work. 

The most prominent circulatory feature of static work is the rise 
in blood pressure. HR and cardiac output do not change much. 
Above a certain intensity, blood pressure increases in direct rela- 
tion to the intensity and duration of the effort. Also, at the same 
relative intensity, static work with large muscle groups produces a 
greater blood pressure response than work with smaller muscles. 

In principle, the physiological regulation of ventilation and cir- 
culation is similar in static and dynamic work, but the metabolic 
signals from the muscles are stronger, inducing a different response 
pattern. 

EFFECT OF THE SIZE OF WORKING MUSCLE MASS 
The physiological responses to muscular work also depend on 

the size of active muscle mass. The V0,max is higher in exercises 
requiring large muscle groups than in exercises requiring smaller 
muscle masses. In young persons, the V0,max during arm crank- 
ing exercises is about 70% of the V0,max during leg exercise. Dur- 
ing leg exercise the V0,max declines progressively with age, 
whereas during arm exercise the differences between younger and 
older persons are smaller (Aminoff et al. 1996). At a given submax- 
imal VO,, HR, systolic blood pressure, and pulmonary ventilation 
are higher during arm work than during leg work or combined arm 
and leg work (Stenberg et al. 1967). 

Standard exercise testing is based on dynamic leg exercise (tread- 
mill, cycle ergometry, or step test), and relative work loads have 
been expressed as percentages of the individual’s V0,max @strand 
1960; Rutenfranz et al. 1990). The VOzmax for arm work, however, 
cannot be estimated from experiments with leg work and vice ver- 
sa (Asmussen and Hemmingsen 1958). Because the V0,max varies 
greatly between arm and leg work, a work load that is fairly easy 
for leg work may be quite exhausting for arm work. The assess- 
ment of V0,max should be done by such a procedure that activates 
some muscles as during actual work. When the load is related to 
the maximal capacity of the muscle mass, the differences in phys- 
iological strain between the muscle groups become smaller (Lewis 
et al. 1983; Sargeant and Davies 1973), but are still higher during 
prolonged arm work than during prolonged leg work (Aminoff et 
al. 1997). 

The recording of HR and the subjective perception of exertion 
during work is easy, and the values may be used to measure the 
relative work intensity. The HR is dependent on the fitness of the 
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person and on the size of active muscle mass. HR is higher for 
unfit persons than for fit persons, and higher during arm work 
than during leg work at the same absolute work load. During exer- 
cise at the same relative work load, the HR is higher during leg 
work than during arm work. When the HR is expressed as a per- 
centage of maximal HR for the corresponding active muscle group, 
the HR response is similar between arm and leg work (Aminoff et 
al. 1997). When estimating the work load, the recorded HR in the 
field should be proportioned to the maximal HR for the correspond- 
ing active muscle group, and compared with the HR at known work 
loads in exercises which are similar to actual work. 

MUSCULAR OVERLOAD 
As previously summarized, the degree of physical strain a worker 

experiences in muscular work depends on the size of working mus- 
cle mass (small, large), type of muscle contractions (static, dynam- 
ic), the intensity of contractions, and individual characteristics. 

When muscular work load does not exceed a worker’s physical 
capacity, his or her body adapts to the load and recovery is quick 
when the work is stopped. If the muscular load is too high, fatigue 
ensues, working capacity is reduced, and recovery slows down. Peak 
loads or prolonged overload may result in organ damage. On the 
other hand, muscular work of certain intensity, frequency, and du- 
ration may also result in training effects; as diminished muscular 
demand may cause detraining effects. This model is the expanded 
stress-strain concept presented by Rohmert (1983) (Figure 8-1). 

In general, there is little epidemiological evidence that muscu- 
lar overload is a risk factor for diseases. However, poor health, dis- 
ability, subjective overload, and decreased work output is 
concentrated in physically demanding jobs and is especially true 
for older workers. Also, many risk factors for work-related muscu- 
loskeletal diseases are connected to different aspects of muscular 
work load. In ergonomics, people have tried to determine accept- 
able work loads and environments by identifying muscular work 
loads that are too strenuous. Prevention of chronic effects is the 
focus of epidemiology, whereas work physiology deals mostly with 
short-term effects, that is, fatigue during work tasks or work days. 

FIELD METHODS FOR ASSESSING PHYSICAL OVERLOAD 
The set of field methods of work physiology summarized in Table 

8-1 have been commonly used in ergonomics. These methods can 
be considered basic work physiology and ergonomic methods; their 
reliability is high when used by professional staff under work site 
conditions. 
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Table 8-1. Work physiology field methods for the assessmeni 
of physical work load at the worksite 

Method 

1. Ergonomic iob analysis (AET) (Rohmert and Landau 1979) 
2. Job load and hazard analysis (JOHA) (Mattila 1985) 
3. Ergonomic workplace analysis (EAW) (Ahonen et al. 1989) 
4. Measurement of oxygen consumption (VO,) (Louhevaara et al. 1985) 
5. Measurement of pulmonary ventilation (V, or V,) (Eley et al. 1966) 
6. Measurement of heart rate (HR) (Oja et al. 1977) 
7. Measurement of systolic blood pressure (SBP) (Theorell et al. 1993) 
8. Basic Edholm scale for the estimation of energy expenditure (basic Ed- 

holm) (Edholm 1966) 
9. Modified Edholm scale for manual material handling (modified Edholm) 

(Long and Louhevaara 1992) 
10. Method for the evaluation of postural load (OWAS method) (Karhu et al. 

1977) 
11. Rating of perceived exertion (RPE) (Borg 1970) 
12. Electromyography (EMG) (Jonsson 1982) 

Relevance and feasibility of the methods for work site studies 
depend mainly on the type of muscular work, aims of the mea- 
surements, and the human, technical, economic, and time resources 
available for research. In association with these methods, basic 
thermal parameters (air temperature, relative humidity, and air 
velocity) should be measured or estimated at workplaces. Thermal 
load may considerably increase physical strain if the environmen- 
tal conditions markedly deviate from temperate ones, or if the wear- 
ing of heavy personal protective equipment is necessary. An 
unusually slow or rapid work rate may also severely bias the quan- 
tification of physical work load. 

Physical work load is not directly related to strain responses (Fig- 
ure 8-1); in fact, HR and the rating of perceived exertion are highly 
influenced by individual factors. Therefore, the assessment of phys- 
ical work load based on these responses cannot be established with- 
out information about the characteristics and fitness of a worker 
and environmental conditions. When absolute load parameters are 
related to a worker’s maximal or submaximal physical capacities, 
individual physical strain is the result. 
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HEAW DYNAMIC MUSCLE WORK 
Assessing physical work load in dynamic work tasks, such as 

moving body weight or external loads, has traditionally been based 
on measurements of VO, (energy expenditure). VO, can be mea- 
sured with relative ease in the field with portable devices (Dou- 
glas-bags, Max Planck respirometer, Oxylog, Cosmed), or it can be 
estimated from HR recordings, which can be done reliably at the 
workplace, for example with the SportTester-device. The use of HR 
in estimating VO, requires that it is individually calibrated against 
measured VO, in a standard work mode in the laboratory, so that 
the investigator knows the VO, at a given HR. HR recordings should 
be considered with caution because they are also affected by many 
factors, such as physical fitness, environmental temperature, psy- 
chological factors, and size of active muscle mass. Thus, HR can 
lead to overestimates of VO, in the same way as VO, underesti- 
mates the total physiological strain by reflecting only energy re- 
quirements. 

The relative aerobic strain (RAS) is defined as the percentage 
relation of VO, measured on the job to the V0,max of the worker 
measured in the laboratory. Thus, RAS is %VO,max. If only HR 
measurements are available, a close approximation of RAS can be 
made by calculating percentage HR range (% HR range) with the 
Karvonen formula (Karvonen et al. 1957), which is: 

Heart rate at work - heart rate at rest 
Heart rate maximum - heart rate at rest % H R  range = 

H R  maximum can be measured in an exercise test or taken from 
age-specific tables. 

According to the h t r and  @strand 1960) classical study, RAS 
should not exceed 50% during an eight-hour work day. In the ex- 
periments at 50% RAS level, body weight decreased, HR did not 
reach steady state, and subjective discomfort increased during the 
day. Astrand recommended a 50% RAS limit for both men and wom- 
en. Later, she found that construction workers spontaneously chose 
an average RAS level of 40% (range 25-55%) during a working day. 
Several more recent studies have indicated that the acceptable RAS 
is lower than 50%. Most studies recommend a 30-35% RAS level for 
the entire working day (Rutenfranz et al. 1990). 

Originally, the acceptable RAS levels were developed for purely 
dynamic muscle work, which rarely occurs under real working con- 
ditions. It may happen that acceptable RAS levels are not exceed- 
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ed, for example, in a lifting task, but the local load on the back may 
greatly exceed acceptable levels. 

V0,max is usually measured on a bicycle ergometer or tread- 
mill, in which the mechanical efficiency is high (20-25%). When 
the active muscle mass is smaller or the static component is high- 
er, V0,max and mechanical efficiency will be smaller than in exer- 
cise with large muscle groups. For example, in sorting postal parcels, 
the V0,max was only 65% of the maximum measured on a bicycle 
ergometer, and the mechanical efficiency was less than 1% (Lou- 
hevaara et al. 1988). When guidelines are based on VO,, the test 
mode in the maximal test should be as close as possible to the real 
task. This goal, however, is difficult to achieve. Despite its limita- 
tions, RAS determination has been widely used in assessing physi- 
cal strain in different jobs. 

Other useful physiological field methods are also available for 
the quantification of physical stress or strain in heavy dynamic 
work. Observational techniques can be used in estimating energy 
expenditure (for example, the Edholm scale). Rating of perceived 
exertion indicates the subjective accumulation of fatigue. New 
ambulatory blood pressure monitoring systems allow more detailed 
analyses of circulatory responses (Table 8-1). 

MANUAL MATERIAL HANDLING 
Manual material handling includes such work tasks as lifting, 

carrying, pushing, and pulling of various external loads. Most of 
the research in this area has focused on lower-back problems in 
lifting tasks, especially from a biomechanical point of view. 

Observation of working postures and use of force (for example, 
Ovako Working Posture Analysis System [OWAS] method), rating 
of perceived exertion, and ambulatory blood pressure recordings 
are also suitable methods for stress and strain assessments in man- 
ual material handling. Electromyography can be used to assess lo- 
cal strain responses, such as in arm and back muscles. An RAS 
level of 21-35% has been recommended for lifting tasks, when the 
VO, during the task compares to the bicycle ergometer maximum. 

Guidelines based on HR are either absolute or related to the rest- 
ing heart rate. The absolute values for men and women are 90-112 
beatdmin in continuous manual material handling. These values 
are about the same as the recommended values for the increase in 
HR above resting levels, 30-35 beatdmin. These guidelines are also 
valid for heavy dynamic muscle work for young and healthy men 
and women. However, as mentioned previously, HR data should be 
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treated with caution because it is affected by many factors other 
than muscle work. 

The guidelines for acceptable work load for manual material 
handling based on biomechanical analysis comprise several fac- 
tors such as weight of the load, handling frequency, lifting height, 
distance of the load from the body, and physical characteristics of 
the person. 

In one large-scale field study (Louhevaara et al. 1990), healthy 
male workers could handle postal parcels weighing 9-1 1 lb (4-5 kg) 
during the whole shift without any signs of objective or subjective 
fatigue. Most of the handling occurred below shoulder level, the 
average handling frequency was less than eight parcels per minute, 
and total number of parcels was below 1500 per shift. The mean 
HR was 101 beats/min and oxygen consumption 1.0 ymin, which 
corresponded to 3 1% RAS as related to bicycle maximum. 

STATIC MUSCLE WORK 
Static muscle work is required primarily when maintaining work- 

ing postures. The endurance time of static contraction is exponen- 
tially dependent on the relative force of contraction. This means, 
when the static contraction requires 20% of the maximum force, the 
endurance time is five to seven minutes, and when the relative force 
is 50%, the endurance time is about one minute (Rohmert 1960). 

For the practitioner, fewer field methods are available for the quan- 
tification of strain in static work. Some observational methods (for 
example, OWAS) exist to analyze the proportion of poor working 
postures, that is, postures deviating from normal middle positions 
of the main joints. Blood pressure measurement and rating of per- 
ceived exertion may be useful, whereas HR is not applicable. 

Older studies indicated that no fatigue was developed when the 
relative force was below 15% of the maximum force (Rohmert 1960). 
However, more recent studies indicate that the acceptable relative 
force is specific to the muscle or muscle group, and is less than 8- 
10% of the maximum static strength (Bjorksten and Jonsson 1977). 
These force limits are, however, difficult to use in practical work 
situations, because they require laborious electromyographic re- 
cordings. 

REP E TI JIVE WORK 
Repetitive work with small muscle groups resembles static mus- 

cle work according to circulatory and metabolic responses. Typi- 
cally, in repetitive work muscles contract over 30 times per minute. 
When the relative force of contraction exceeds 10% of the maxi- 
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mum force, endurance time and muscle force start to decrease. 
However, there is wide individual variation in endurance times. 
For example, the endurance time varies between 2-50 minutes, 
when the muscle contracts 90-220 times per minute at the relative 
force level of 10-20% (Laurig 1974). 

It is very difficult to set any definitive criteria for repetitive work 
because even very light levels of work such as the use of micro- 
computer mouse may cause increases in intramuscular pressure, 
which may lead to swelling of muscle fibers, pain, and reduction in 
muscle strength. Very few feasible field methods are available for 
the strain assessment in repetitive work (Table 8-1). 

PHYSICAL WORK LOAD ASSESSMENT IN PRACTICE 
In practical work situations, it is often impossible to use any mea- 

suring instrument, and the analysis must be carried out by observa- 
tion. In those situations, it is useful to recognize the different types 
of muscular work (heavy, dynamic muscle work, manual material 
handling, static work, repetitive work), and the frequency of these 
activities. For example, the time factor can be classified by: 

None of the time; 
Some of the time; 
Most of the time; and 
All of the time. 

Then, the focus of corrective measures can be directed to the most 
frequent types of muscular load. Also, if needed, more detailed anal- 
yses can be employed on the tasks with high occurrence rates. 

Age and gender are important factors, especially when heavy 
dynamic work or manual handling of heavy loads occur. In these 
tasks, fatigue development and possible injury risk are related to 
the working capacity #O,max, muscle strength), which is lower 
among older workers and women. 

Epidemiological follow-up studies (Ilmarinen 1992) have shown 
that for older workers the following high physical demands decrease 
work ability: 

Static muscular work; 
Use of muscle strength; 
Sudden peak loads; 
Repetitive movements; and 
Simultaneous bent and twisted work postures. 
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Identifying these demands, and using corrective measures on 
them, can most likely improve the maintenance of work ability 
during aging. 

PREVENTING PHYSlO LOG1 CAL OVERLOAD 
Relatively little epidemiological evidence exists to show that 

muscular load is harmful to health. However, work physiological 
and ergonomic studies indicate that muscular overload results in 
fatigue (that is, decrease in work capacity), and may reduce pro- 
ductivity and quality of work. 

The prevention of muscular overload may be directed to the work 
content, work environment, and the worker. The load can be ad- 
justed by technical means, which focus on work environment, tools, 
and working methods. The fastest way to regulate muscular work 
load is to reorganize the work and, for instance, increase the flexi- 
bility of working time individually. This means designing work rest 
regimens which take into account the work load and the needs and 
capacities of the individual workers. 

When adjusting physical work load, the main principle is that 
static and repetitive muscle work should be kept at a minimum. 
Occasional heavy dynamic work phases may be useful for main- 
taining endurance-type physical fitness. Probably the most useful 
form of dynamic physical activity, which can be incorporated into 
a working day, is brisk walking or stair climbing. 

Prevention of muscular overload, however, is very difficult if a 
worker’s physical fitness or professional skill is poor. Appropriate 
training will increase professional skills, and may reduce muscu- 
lar loads at work. Also, regular physical exercise during work or 
leisure time will increase the muscular and cardiorespiratory ca- 
pacities of the worker. 

Best results in preventing muscular overload will probably be 
achieved by the promoting health policies to workers through er- 
gonomics and physical exercise programs at work sites. 
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MA1 NTAINING WORKING POSTURES 
Many work situations require postures that have to be main- 

tained for an extended period of time, such as machinery opera- 
tion, assembly, and at a video display unit. A sustained posture 
(with or without external force exertion) creates a static load, and 
the muscles involved contract continuously without shortening or 
lengthening. Static contraction leads to muscle fatigue. For exam- 
ple, approximately one-third of workers in the European Union are 
involved in painful or tiring postures for more than half the work- 
ing day (Figure 9-1) (European Foundation for the Improvement of 
Living and Working Conditions 1997). Pain and fatigue may lead to 
musculoskeletal diseases, reduced productivity, and deteriorated 
posture and movement control. The latter can increase the risk of 
errors and may reduce quality of work while increasing hazardous 
situations. Sick leave and disability of (skilled) workers directly 
affect production costs. Static load can be reduced by improving 
postures through workstation and tool optimization, reducing the 
holding time of postures, and providing sufficient and properly 
distributed rest pauses. Variation between and within sitting, stand- 
ing, and walking is indispensable. 
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Netherlands. 

Netherlands. 



Ergonomics in Manufacturing 

40 

!! 
a, 

30 
g 
z 
Lc 20 
8 
0 

10 

tiring postures heavy .loabs arm movements 

Figure 9- 7 Percentage of workers in the European Union involved in painful or tiring 
postures, carrying heavy loads, or repetitive hand or arm movements for more than 
half of the working day. 

PERCEIVED DISCOMFORT 
A suitable measure of the load on muscles, tendons, ligaments, 

joints, and bones is the discomfort perceived by the worker. One 
technique for measuring discomfort is the LMD method (Local- 
ized Musculoskeletal Discomfort) (Van der Grinten 1991; Van der 
Grinten and Smitt 1992). In this method, the worker is asked to 
rate his or her discomfort in 40 regions shown on a diagram of the 
rear view of a human body, modified after Corlett and Bishop (1976) 
(Figure 9-2), using a Borg scale (Table 9-1) (Borg 1982). A written or 
verbal response is given at the beginning and end of a work ses- 
sion. For each body region, the score at the beginning is subtracted 
from the score at the end. Usually, the resulting scores for several 
regions are grouped into scores for larger functional units (back, 
shouldedarm, etc.), as well as into a whole body score (the sum of 
the resulting scores on all 40 body regions). The LMD method pro- 
vides reliable results for comparison of work situations. 
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Figure 9-2 LMD method-body diagram. 
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Discomfort score % MHT REC 

0 Nothing at all 
1 Very weak (just noticeable) 
2 Weak (light) 
3 Moderate 
4 Somewhat strong 
5 Strong (heavy) 
6 
7 Very strong 
8 
9 

10 Extremely strong 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

100% 
90% 
80% 
70% 
60% 
50% 
40% 
30% 
20% 
10% 
0% 

MAXIMUM HOLDING TIME 
The maximum holding time (MHT) is the longest duration that 

a static posture can be maintained continuously from a rested state 
until maximum discomfort. MHT decreases exponentially as the 
relative muscle force increases (Figure 9-3) (Rohmert 1960; Bjork- 
sten and Jonsson 1977; Sjo- 
gaard 1986). Relative muscle 
force is the force exerted by the 
muscle(s) for maintaining a par- 
ticular posture, expressed as a 
percentage of the maximum 
force that can be exerted in the 
same posture. 

MAXIMUM HOLDING TIME 
VERSUS DISCOMFORT 

For groups of subjects, reason- 
ably linear relationships were 
found between gravitational load 
and discomfort at a body region 
(Van der Grinten and Smitt 1992; 
Boussenna et al. 1982), as well as 
between discomfort and the per- 

0% 100% 

Relative muscle force V 

centage ofthe maximum holding 
time (%MHT) for a posture (Ta- 
ble 9-1) (Manenica 1986; Meijst et 

Figure 9-3 The relationship between 
relative muscle force and maximum 
holding time. 
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al. 1995). For example, a discomfort score of 5 after holding a cer- 
tain posture for 10 minutes means that the MHT of this posture is 
20 minutes. The remaining endurance capacity (REC) is defined 
as 100% - %MHT (Table 9-1). 

MAXIMUM ACCEPTABLE LEVEL OF DISCOMFORT 
Hagerup and Time (1992) consider a mean discomfort score of 

between 1 and 3 for a group of workers to be acceptable. Rose and 
colleagues (1992) found that when subjects were allowed to decide 
on the duration of static work themselves, they stopped for a pause 
at approximately 20% of MHT. In IS0 11226, 20% MHT (REC = 
80%) is implemented as the maximum acceptable holding time. 
Because of the linear relationship between %MHT and discomfort, 
this implies a score of 2 on the Borg scale. The total duration of 
holding times during intermittent work until reaching a discom- 
fort score of 2 can be considerably longer, depending on the hold- 
ing time-recovery time regime. 

WORKSTATION DESIGN AND ADJUSTMENT 
Relatively small workstation adjustments and resulting minor 

changes of working posture usually have a major effect on work 
load. Here are two examples, 
followed by an illustration of 
the effect of spatial positions of 
the hands while standing. 

SEWING MACHINE OPERATION 
Five sewing machine opera- 

tors (Figure 9-4) worked for 45 
minutes at each of four work- 
station adjustments (Figure 9- 
5). Pedal positions differed by 
only 4 in. (10 cm), and desk 
slopes by 10". Slight differenc- 
es were found in the working 
postures (Figures 9-6 and 9-7). 
Nevertheless, workers per- 
ceived a great improvement 
while working at workstation 
adjustment D. The whole body 
discomfort was reduced, while 
for the other three adjustments 
an increase of discomfort was 
seen (Figure 9-8). Furthermore, 

I 

Figure 9-4 Sewing machine operator. 

139 



Ergonomics in Manufacturing 

Workstation 
adjustment Desk 

Flat 

0" slope 

Flat 

0" slope 

Pedal 

Near 

Near 

I in. (10 cm) 
'arther away 

I in. (10 cm) 
'arther away 

f) 
4 in. (10 cm) 

Figure 9-5 Sewing machine operation-the workstation adjustments tested. 

Sewing Machine Operation 

Workstation adjustment 

. ... 

. ... 

. ... 

Figure 9-6 Trunk inclination forward for adjustments A-D (refer to Figure 9-5). 
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Sewing Machine Operation 

rn 

Workstation adjustment 

Figure 9-7 Neck flexion for adjustments A-D (refer to Figure 9-5). 

the endurance time estimated by the operators was considerably 
longer (Figure 9-9). 

PRESS OPERATION 
Eight press operators (Figure 9-10) worked for 25 minutes at each 

of four reach distances, defined with respect to full arm reach in a 
reference posture (Figure 9-11). For every 4 in. (10 cm) the reach 
distance was increased, the trunk inclined forward a little more 
(Figure 9-12). It turned out that worker perceptions got significant- 
ly worse when they stretched slightly beyond full arm reach (Fig- 
ures 9-13 and 9-14). 

HAND POSITIONS 
MHT data on 19 different standing postures were taken from the 

literature (Boussenna et al. 1982; Manenica 1986; Meijst et al. 1995; 
Corlett and Manenica 1980; Hagberg 1981; Milner 1985; Taksic 1986). 
All postures were maintained without rest pauses and no external 
force was exerted. Hand positions were defined as 70 shoulder height 
and 70 arm reach in a reference posture (standing upright). Shoulder 
height is defined as the vertical distance from the shoulder top (acro- 
mion) to the floor. Arm reach is defined as the horizontal distance 
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Figure 9-8 Discomfort of the whole body for adjustments A-D (refer to Figure 9-5). 
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Figure 9-9 !Estimated endurance time for adjustments A-D (refer to Figure 9-5). 
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Figure 9- 7 0 Press operator. 
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Figure 9- 7 7 Press operation--the reach distances tested (X = full arm reach). 
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Press Operation 
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Figure 9- 12 Trunk inclination forward for reach distances tested (refer to Figure 9- 1 I). 

Press Operation 

x-3.9 (10) 

Reach distance 
in. (cm) 

Figure 9- 13 Discomfort at the back for reach distances tested (refer to Figure 9-1 I). 
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Figure 9- 14 htimated endurance time for reach distances tested (refer to Figure 9- 1 I). 

from the knuckles to the wall when standing with the back against 
the wall and the stretched arms pointing straight forward. The var- 
ious hand positions (Figure 9-15) were ranked on MHT (Figure 9- 
16) (Miedema 1992; Dul et al. 1993). Postures with hand positions at 
or below 50% shoulder height were terminated because of discom- 
fort in the lower back and legs. For postures with hand positions at 
or below 100% shoulder height, the shoulders and arms are criti- 
cal. Due to the fact that the data were extracted from various stud- 
ies (with different subject groups, etc.) some slight inconsistencies 
may be found in Figure 9-16. However, by grouping the hand posi- 
tions in terms of relatively low, medium, and high comfort pos- 
tures, a more reliable result emerges. 

STANDARDS 
The International Organization for Standardization (ISO) is 

working on a standard for the evaluation of working postures, IS0 
11226. A similar standard, EN 1005-4, is being prepared by the Eu- 
ropean Committee for Standardization (CEN). The latter standard 
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supports the essential health 
and safety requirements of the 
EU-Machinery Directive. 

SCOPE 
IS0 11226 provides informa- 

tion for all those involved in de- 
sign or redesign of work, jobs, 
and products, who are familiar 
with the basic concepts of er- 
gonomics in general and work- 
ing postures in particular. It 
specifies recommended limits 
for working postures with min- 
imal external force exertion, 
while taking into account body 
angles and time aspects. The 
standard is meant to give rea- 
sonable protection to nearly all 
healthy adults. 

CONTENTS 
The evaluation procedure 

used in IS0 11226 considers 
various body segments and 
joints independently. The first 
step considers only the body 
angles (recommendations are 
mainly based upon risks for 
overloading passive body 
structures, such as ligaments, 
cartilage, and intervertebral 
disks). An evaluation may lead 
to the result “acceptable,” “go 
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Figure 9- 15 The 19 postures found in the 
literature characterized by the position of 
the hand(s) in terms of % shoulder height 
and % arm reach. 

to step 2,” or “not recommended.” An evaluation result of “go to 
step 2” means that the holding time of the posture and the recov- 
ery time will also need consideration. Examples are shown in Fig- 
ures 9-17 and 9-18. 

WORK-REST MODEL 
For ergonomists a mathematical Work-Rest model (WR-model) 

is available for selecting the most effective holding time/recovery 
time regimes (Dul et al. 1994). The model predicts the course of 
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Trunk inclination 
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muscle fatigue and recovery. The regression equation given by Sjg- 
gaard (1986) was used for the relationship between relative muscle 
force and MHT. For recovery, the model by Milner (1985) was se- 
lected. It is recommended to use the WR-model only for compari- 
son of work situations. 

SOFWARE 
A computer program has been developed for analyses with the 

WR-model. With this software, for example, the remaining endur- 
ance capacity (REC) can be calculated for a given combination of 
relative muscle force and number, duration, and distribution of 
holding time periods and recovery time periods. 

EXAMPLE 
The effects of three holding time/recovery time regimes on REC 

are shown in Figure 9-19. The regimes are equal as far as the same 
total holding time and total recovery time (in terms of minutes) 
are concerned. It can be seen that more and shorter holding time 
periods (more breaks) result in higher REC. In general, it is recom- 
mended to consult an expert for evaluating holding timehecovery 
time regimes. Furthermore, it should be recognized that there are 
more ways for evaluating holding timehecovery time regimes than 
shown in the example, for example, based on intervertebral disk 
or muscle physiology. 
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MUSCULOSKELETAL DISORDERS 
Losses associated with musculoskeletal disorders represent a 

significant problem to employers, employees, and insurers. Manu- 
al work, particularly work involving manual materials handling 
(MMH) tasks, is a primary cause of musculoskeletal disorders in 
industry. Whether the disorders result from a single overexertion 
or from repeated microtrauma over a period of time, the direct and 
indirect costs of the disorders are very high. For example, the mean 
direct costs of compensable low-back pain cases are approximate- 
ly $8,300 per claim with medical costs comprising about 32% of the 
direct costs, and indemnity payments comprising about 68% (Web- 
ster and Snook 1994). 

Different approaches to the control of musculoskeletal disorders 
in industry have been developed. With regard to MMH tasks, there 
are three basic approaches that can be used: 

Ergonomic job design; 
Education and training; and 
Job placement. 

ERGONOMIC JOB DESIGN 
The approach of ergonomic job design is the most effective meth- 

od, but it is only partially effective. Supplemental education and 
training have been widely used in industry, but have provided lit- 
tle evidence of long-term effectiveness to reduce musculoskeletal 
disorders. Kroemer’s (1992) review of the literature concerning 
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training led him to conclude that “the issue of training for preven- 
tion of back injuries in MMH is confused, at best.” 

One method of job placement, medical screening, can be effec- 
tive for identifying employees who should not perform strenuous 
work, but it does not necessarily consider the relationship between 
job demands and worker capacity. The individual’s medical histo- 
ry, particularly a history of previous low-back disorders, has been 
found to be an important predictor of injury propensity. On the 
other hand, X-rays have not provided effective indication of future 
injury (Gibson 1987). 

Strength and fitness testing has been found the most effective 
method of job placement (Snook 1987). Strength evaluations re- 
veal mismatches between job demands and capacity of healthy 
workers. While numerous field studies have examined the effec- 
tiveness of strength evaluation, few studies have looked at fitness 
measures, such as aerobic capacity. 

In short, in an effort to reduce MMH-related musculoskeletal 
disorders in healthy workers, it is recommended to first perform 
ergonomic job analyses. Jobs that do not accommodate the major- 
ity of the population should be redesigned or automated. If jobs 
cannot be altered to acceptable levels, strength evaluations should 
be considered as a means of properly matching worker capacity to 
task demands. 

METHODS OF STRENGTH EVALUATION 
There are several methods of strength testing to assess a work- 

er’s capacity to perform a task. The next sections discuss various 
methods. 

ISOMETRIC TESTING 
Isometric (or static) testing is performed by having a subject exert 

force against a stationary object. Typically, whole-body lifting 
strength is measured, but it is also possible to isolate specific joints, 
such as the elbow. Isometric testing requires equipment that of- 
fers resistance (typically a platform, chains, and handles) and a 
force transducer with readout capabilities. Load cells are available 
with hand-held readout devices. It is possible to feed the output to 
a computer equipped with an analog-to-digital converter. 

Isometric testing is performed by having subjects build up to 
their maximum voluntary contraction, maintain the exertion for 
several seconds while data are collected, and then relax. The score 
is usually the average strength over a 3-5 second period. Use of 
peak strength across the length of the exertion should be avoided 
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since these measurements can overestimate an individual’s 
strength. Few industrial tasks pose strength demands for such short 
periods of time. 

An advantage of isometric strength testing is that the measure- 
ments are easy to conduct and the equipment is typically less ex- 
pensive than equipment required for other forms of testing. The 
primary disadvantage is that MMH activities, except holding, are 
dynamic activities. Dynamic strength tests (isokinetic and isoiner- 
tial) have been shown to be better predictors than static measures, 
particularly for lifting capacity (Dempsey and Ayoub 1996). How- 
ever, there are more isometric data than dynamic data available 
for comparative purposes. 

/SOKINETIC TESTING 
Isokinetic testing refers to testing where the strength testing 

device holds velocity constant throughout the motion. As with iso- 
metric strength, it is possible to test either whole-body strength or 
the strength of individual joints. In the former case, the worker 
exerts maximum force against handles that move at a constant 
vertical velocity. For individual joint testing, the worker is usually 
restrained to some extent so that a particular joint can be isolated. 
For instance, the upper leg would be secured for a test of knee 
strength. Linear (vertical) velocity is held constant when whole- 
body strength is measured; joint strength is measured while angu- 
lar velocity is held constant. 

The equipment required for isokinetic testing is considerably 
more expensive than isometric equipment. An isokinetic dynamom- 
eter is required as well as equipment connected to the dynamome- 
ter. Several systems are available containing all of the necessary 
components. 
ISOlNERTlAL TESTING 

Isoinertial testing refers to conditions where the mass is con- 
stant during a trial. That is, the load the subject lifts, pushes, etc. 
remains constant. However, the load may be increased across tri- 
als, as some isoinertial tests increase the load across trials until 
the subject cannot successfully complete the task. With respect to 
lifting, lowering, carrying, pushing, and pulling tasks, isoinertial 
strength evaluations most resemble the actual tasks. 

Most isoinertial equipment is not very expensive, mainly because 
electronics are not usually required. There are some fairly expen- 
sive isoinertial systems. For several types of testing, isoinertial equip- 
ment can be less expensive than either isometric or isokinetic 
testing. 
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COMPARING STRENGTH EVALUATION METHODS 
Several studies have shown that as the ratio of job demands (loads 

lifted) to isometric strength increases, probability of injury increas- 
es (Chaffin and Park 1973; Chaffin 1974; Chaffin et al. 1978; Liles et 
al. 1984). The studies by Chaffin and his colleagues used raw iso- 
metric strength values to determine capacity. Liles et al. (1984) used 
the isometric strength values with anthropometric measures to 
predict lifting capacity. The equations predict lifting capacity for 
different ranges of lift, frequencies, box size, etc. Battie et al. (1989) 
did not find that isometric strength was related to future low-back 
injuries, but this research failed to match strength measurements 
to job demands. 

A few field studies have examined the relationship between iso- 
kinetic strength and injury probability. Mostardi et al. (1992) did a 
2-year study to determine if isokinetic lifting strength, demographic 
variables, low-back pain, and injury history were correlated with 
future low-back injuries in a population of 171 nurses. None of the 
variables correlated with the incidence of pain or injury, leading 
the authors to conclude that the variables were poor predictors in 
such a high-risk population. However, the sample size was limited. 

A considerable number of studies have looked at the relation- 
ship between isokinetic trunk strength and injury. Newton and 
Waddell (1993) performed an extensive review and analysis of the 
literature in this area and concluded that there was no scientific 
evidence verifying tests for predicting injury. These tests only 
measure the strength of the trunk extensors. The role of trunk 
strength in predicting MMH capacity is unclear. Furthermore, the 
results of these tests are not usually related to job demands. 

There have been few field studies of isoinertial tests. Snook (1978) 
reported details on an investigation of 191 low-back injuries asso- 
ciated with MMH. The analysis indicated that 25% of the jobs in- 
vestigated involved MMH tasks acceptable to less than 75% of the 
population, based on the psychophysical database reported. Psy- 
chophysical limits are determined by having subjects select work 
loads which are the maximum that they find acceptable (that is, 
the work loads do not cause undue fatigue, soreness, etc.). Snook 
(1978) found one half of the low-back injuries resulted from jobs 
acceptable to less than 75% of the population. These findings led 
to the conclusion that two out of three low-back injuries could be 
prevented if jobs were designed to accommodate at least 75% of 
the population. 

Troup et al. (1987) conducted a study using 2,891 subjects select- 
ed from various occupations to examine the ability of a psycho- 
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physical lifting test to predict future injury. The psychophysical 
test, based on the rating of acceptable load (W), is considerably 
different from the method developed and used by Snook and his 
colleagues at the Liberty Mutual Insurance Company. Troup et al. 
(1987) found RAL to be a poor predictor of the initial episode of 
low-back pain (LBP), but when the previous history of LBP was 
known, the test enhanced prediction. 

The use of static (isometric) strength for placement in tasks con- 
taining dynamic components will likely overestimate an individu- 
al’s capability to safely perform MMH tasks. For example, Mital 
and Das (1987) found that isometric strength may overpredict lift- 
ing capability, especially for nonindustrial subjects. Thompson et 
al. (1992) concluded that maximum isometric strength was a poor 
predictor of peak forces exerted during a dynamic lift. Kumar and 
Chaffin (1987) found that the relationship between static and dy- 
namic (isokinetic) strength was less predictable as the speed at 
which dynamic strength was measured increased. Similarly, Rose- 
crance et al. (1991) compared maximum isometric strength to max- 
imum weight that subjects with a history of low-back disability 
were able to lift. The average correlation between static and dy- 
namic measurements was 0.51, with the isometric strength values 
being greater than the dynamic ones. 

Thus, it appears that maximum isometric strength is most rele- 
vant to predicting the ability to exert isometric forces. Although 
dynamic strength is a better predictor of handling capacity, field 
studies utilizing dynamic measures have been rare. 
SELECTING A STRENGTH EVALUATION METHOD 

The strength test selected should be matched to the tasks for 
which it is intended. For example, if one is using strength evalua- 
tions to determine lifting capacity, then the test should resemble 
lifting as closely as possible. The test also should be predictive of 
lifting capacity. With respect to lifting in particular, dynamic 
strength tests (isokinetic and isoinertial) are better predictors of 
lifting capacity than static tests (Dempsey and Ayoub 1996). 

Overall, worker strength evaluation tests should be examined 
from the perspective of safety and scientific integrity. Chaffin’s 
(1982) criteria for such tests are: the test is safe to administer; the 
test gives reliable, quantitative values; the test is related to specif- 
ic job requirements; the test is practical; and the test predicts risk 
of future injury. When deciding on a technique to use, or selecting 
from tests provided by external sources, each of these criterion 
should be examined carefully. 
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The reliability and safety of a test should be determined prior to 
employing the test in the field. Almost all the isometric, isokinetic, 
and isoinertial tests discussed earlier are safe and reliable. These 
factors are not usually a problem for most types of tests. Determi- 
nation of safety and reliability is usually performed in laboratory 
studies. 

The need to have a test related to specific job requirements pro- 
vides legal implications. From the standpoint of loss prevention, a 
test that is not predictive of future injury is not useful. Scientific 
evidence supporting a specific test should be examined very care- 
fully. Some indication of the integrity of the results could be found 
if the results have been published in the peer-reviewed scientific 
literature. However, some consulting firms do not publish their 
results due to the proprietary nature. 

LEGAL IMPLICATIONS 

THE AMERICANS WITH DISABILITIES ACT 
In 1990, the Americans with Disabilities Act (ADA), formally 

Public Law 101-336, became law. The specific regulations that en- 
force the employment provisions of this law are contained in Code 
29 of Federal Regulations Part 1630-Regulations to Implement 
the Equal Employment Provisions of the Americans with Disabili- 
ties Act. Title 1 (Employment) of this legislation extends the Civil 
Rights Act to include “qualified individuals with disabilities” from 
being discriminated against. Employers with 15 or more employ- 
ees are required to comply with the ADA. 

Relevant Definitions 
Because of the litigation potential from pre-employment and/or 

pre-placement strength evaluations due to the ADA, correct defi- 
nitions must be applied when determining the legality of a given 
test. The following definitions are contained in CFR 29, Part 1630. 

A disability is a physical or mental impairment that substantial- 
ly limits one or more of the major life activities of an individual, a 
record of such an impairment, or being regarded as having such 
an impairment. Major life activities are functions such as perform- 
ing manual tasks, walking, seeing, hearing, etc. 

Substantially limits means that an individual is unable to per- 
form a major life activity that the average person in the general 
population can perform, or is significantly restricted as to the con- 
dition, manner, or duration in which an individual can perform a 
particular major life activity. 
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This includes restricted ability to perform either a class of jobs 
or a broad range of jobs in various classes compared to the average 
person. Inability to perform a single job does not constitute a sub- 
stantially limited ability to perform the major life activity of work- 
ing (EEOC 1992). 

A qualified individual with a disability is an individual with a 
disability who satisfies the requisite skill, experience, education, and 
other job-related requirements of the employment position that he 
or she holds or desires, and who, with or without reasonable accom- 
modation, can perform the essential functions of such a position. 

A reasonable accommodation involves making existing facilities 
accessible and usable by individuals with disabilities. This may 
include modifications or adjustment of the work environment, job 
restructuring, modifying work schedules, etc. It may be necessary 
to include the qualified individual with a disability in determining 
the reasonable accommodation. Financial issues and the impact of 
the accommodation on the facility, such as the ability of other indi- 
viduals to perform their jobs with the accommodation in place, may 
be taken into consideration when determining whether or not an 
accommodation is reasonable. 

A reasonable accommodation is an accommodation that does not 
cause undue hardship, which is defined as significant difficulty or 
expense incurred by a covered entity. Determination of undue hard- 
ship requires a consideration of factors such as financial resources 
of the organization, number of locations of the entity, number of 
employees, and impact of the accommodation on the facility’s op- 
eration, including impact on the ability of other employees to per- 
form their duties (EEOC 1992). 

Perhaps the most important factor in determining the appropri- 
ateness of a screening test is essential function. A job function may 
be considered essential if: 

The position exists to perform that function; 
A limited number of employees can perform the function; and/or 
The person in the position is hired to perform the function 
because of his or her expertise. 

Determining whether or not a function is essential includes, but 
is not limited to, the employer’s judgment, written job descriptions, 
amount of time spent performing the function, consequences of 
not requiring the person holding the position to perform the func- 
tion, and collective bargaining agreements (EEOC 1992). As will be 
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later illustrated with examples, infrequent tasks are less likely to 
be essential than are tasks performed throughout the day. 

Implications of the ADA for the Use of Tests of Individual 
Capability 

Perhaps the most important part of a pre-employment or place- 
ment exam is a written job description that explicitly describes the 
essential functions of a job before it is advertised or candidates are 
interviewed. Overall, accurate job descriptions can be very useful 
to the ergonomist. 

Developing a job description requires knowledge of what func- 
tions employees in the position perform and whether removing a 
function would fundamentally change the job. Caution must be 
taken when including specific functions, such as “lifting 50 
pounds,” in a job description if a reasonable accommodation can 
remove the function from the job, since this could lead to liability 
if an accommodation is not considered (Pimentel et al. 1993). Worker 
strength evaluations should only be used for essential functions. 

The next step requires determining which essential functions 
can be performed by a qualified individual with a disability, with 
or without reasonable accommodation. In some cases, this will re- 
quire consultation with the individual to isolate his or her physical 
capabilities, identify potential accommodations, and assess their 
effectiveness (EEOC 1992). If a reasonable accommodation allows 
a qualified individual with a disability to perform the job function, 
the pre-placement test may be unnecessary. 

Is it Job-related? 
The criteria for establishing qualification standards, such as tests 

of physical capacity, is that they be both job-related and consistent 
with business necessity. To be considered job-related, a test must 
be a legitimate measure of the specific job. It cannot be a test for a 
class of jobs. There are also generic concerns for employee selec- 
tion procedures contained in CFR 29, Part 1607-Uniform Guide- 
lines on Employee Selection Procedures. Briefly, these guidelines 
require that a test must be predictive of, or significantly correlated 
with, elements of job performance (criterion-related validity); rep- 
resentative of important aspects of performance on the job (con- 
tent validity); or measure the degree to which candidates have 
identifiable characteristics important in successfully performing 
the job (construct validity). These requirements are independent 
of the ADA, but are nonetheless important. 

Once the actual interviewhiring process begins, certain proce- 
dures must be followed. Individuals may not be asked to describe 
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their disability or any information about it. They can, however, be 
asked to describe or demonstrate how they will perform specific 
job functions if such a demonstration is required of everyone ap- 
plying for the job. If the applicant has a known disability (for ex- 
ample, applicant has one arm), he or she may be asked to provide 
the demonstration, even if everyone applying for the job is not re- 
quired to do so (EEOC 1992). The ADA requires that the test be 
performed in a manner not requiring use of the impaired skill, 
unless the test is specifically designed to measure that skill. 

Physical tests can be given at any point during the application 
or employment process, provided that the test is given to all appli- 
cants and follows the guidelines above (CFR 29, Ch. XIV, Section 
1630.14[a]). Although pre-employment medical examinations are 
prohibited by the ADA, physical capacity tests are allowed, if giv- 
en to all applicants, as they are not considered a medical examina- 
tion (EEOC 1992). 

Because the ADA is so complex and intricate, a case-by-case anal- 
ysis is required, sometimes at the level of the individual. For this 
reason, Johns et al. (1994) recommends that decisions be made by 
a multidisciplinary team, including legal counsel. 

The issue ofjob-relatedness is easily justified if the test has been 
shown to correlate with the ability to perform MMH tasks, or if test 
performance has been related to injury probability through epide- 
miological studies. The issue of business necessity requires that 
the test be related to the ability to perform a specific function. For 
example, a specific function would be lifting a 12 in. X 12 in. X 12 
in. (30 cm X 30 cm X 30 cm) box weighing 20 lb (9 kg) from the 
ground to a height of 40 in. (102 cm), three times per minute. How- 
ever, just lifting 20 lb (9 kg) is not considered specific enough. These 
issues should be addressed by validation studies before the strength 
evaluation technique is used in the field. 
EXAMPLES 

An example for which strength evaluation tests are not particu- 
larly appropriate is infrequent MMH tasks. Consider a job where a 
fork lift operator must occasionally replace a 70-lb (32 kg) battery. 
Although the ability to lift 70 lb (32 kg) is a job-related standard, a 
reasonable accommodation, such as having another employee per- 
form the task, is justified (EEOC 1992). However, if this task is re- 
quired every 15 minutes, then it may be difficult to have another 
employee perform the task. 

Another example of a reasonable accommodation would be a case 
where medical documentation indicates that a person can lift a 50- 
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lb (23 kg) sack to waist height, but cannot carry it to the storage 
room. In this case, a dolly would be a reasonable accommodation 
(EEOC 1992), as pushing a dolly is much easier than carrying a 
load. Likewise, this would be an inexpensive solution that decreas- 
es task demands for all workers. These two examples represent 
cases where tests of physical capacity violate the ADA. 

A test of physical capacity is legal under the ADA in those situa- 
tions where the position exists to perform MMH tasks, as is com- 
mon in warehousing and shippingheceiving departments. 
Additionally, many production jobs require frequent MMH, such 
as loading and unloading stock. Typically, removing the need for 
MMH requires some sort of automation, which often extends be- 
yond a reasonable accommodation and would be considered an 
undue hardship. In such cases, tests of physical capacity are al- 
lowed under the ADA. 

SUMMARY AND CONCLUSIONS 
Few experts would disagree that the probability of MMH-relat- 

ed injuries is based on the discrepancy between task demands and 
an individual’s physical capacity to perform that task. The concept 
of ensuring that task demands do not exceed human capabilities 
is one of the fundamental principles of ergonomics. Figure 10-1 
presents a summary of the role of worker strength evaluations in 
ergonomic job analyses. 

Ergonomic changes or automation should be used to design 
jobs that are within the capacity of the population (preferably at 
least 90%). Strength evaluations can be used to assess whether or 
not the majority of the population is accommodated. When ergo- 
nomic job design changes are not sufficient to result in task de- 
mands that are within the capabilities of the majority of the 
workers performing a job, worker strength evaluations can effec- 
tively supplement the ergonomic changes. However, these evalu- 
ations should only be considered after ergonomic job design 
changes have taken place. 

When selecting a strength evaluation method, there are many 
factors to consider. The first should be the legality of testing work- 
ers for the particular task or set of tasks. The next step is to select 
a technique from the various tests relevant for predicting the ca- 
pacity required for the tasks in question. It should follow that the 
more accurately a given testing protocol predicts an individual’s 
MMH capacity in a given situation, the more accurate the estimate 
of injury risk. There are numerous factors that need to be consid- 
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Figure 10- 1 Summary of the role of worker 
strength evaluations in the job (rejdesign 
process. 

ered in the selection process, 
such as reliability, validity, 
safety, and correlation of test 
results with future injury pre- 
diction. 

Due to the complexity of 
worker strength evaluations, it 
is likely that legal and/or ergo- 
nomic experts would be con- 
sulted during the process. This 
will ensure that the methods 
selected are satisfactory from 
the standpoint of regulatory 
requirements and scientific in- 
tegrity. 

When used correctly, work- 
er strength evaluations can be 
an effective supplemental tool 
to prevent musculoskeletal dis- 
orders associated with manual 
work. A final note is that the 
strength evaluations should 
only be considered one compo- 
nent of the overall program to 
reduce overexertion injuries. 
The comprehensive program 
should include other factors, 
such as ergonomics, injury 
treatment, enlightened man- 
agement, and cooperative 
unions (Snook 1987). 
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CHAPTER 1 1  

METHODS FOR EVALUATING 
POSTURAL WORK LOAD 

W Monroe Keyserling 
Professor 
Industrial and Operations Engineering 
The University of Michigan 
Ann Arbor, MI 

WORK POSTURE 
Work posture in the workplace is determined by the interaction 

of many factors, including workstation layout (heights of convey- 
ors, reach distances to access pallets and storage bins), equipment 
design (positions of machine controls, location of visual displays), 
and work methods (sequence of work tasks, tool selection, work 
technique). In addition, body-size characteristics of a worker inter- 
act with all the workplace factors to determine specific postures 
used to perform a job (Keyserling 1990). 

To the greatest extent possible, jobs should be designed to ac- 
commodate a neutral posture. For a standing worker, this means 
that the trunk and neck should be nearly vertical, with minimal 
twisting or bending (forward, backward, or sideways). Furthermore, 
both arms should hang comfortably down from the shoulders, 
roughly parallel to the trunk. 
Awkward postures occur when there is a mismatch between a 

worker’s body size and the job requirements. Many are caused by 
excessive reach requirements. For example, bending into bins or 
reaching to the side of the body to place or retrieve parts bends or 
twists the trunk; reaching overhead to high shelves or conveyors, 
or reaching in front of the body to activate machine-operating con- 
trols, elevates the shoulders. If awkward postures are assumed re- 
petitively or for prolonged periods, increased rates of fatigue, 
discomfort, andor injury may occur, resulting in reduced produc- 
tivity and higher costs. 
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HEALTH EFFECTS OF AWKWARD POSTURE 
Due to the weight of the head, any forward, backward, or side- 

ways neck bending results in biomechanical strain on muscles and 
connective tissue in the neck (Kumar and Scaife 1979; Harms- 
Ringdahl et al. 1986). Industry-based studies of workers show that 
excessive neck flexion (forward bending) produces fatigue and 
musculoskeletal disorders in the neck and shoulder region. Com- 
plaints of pain and fatigue are positively related to the magnitude 
of the flexion angle, the duration of time spent with the neck flexed, 
and number of neck flexions per hour (Kilbom et al. 1986). At max- 
imal forward flexion, pain occurs in as little as 15 minutes (Harms- 
Ringdahl and Ekholm 1986). Neck extension (backward bending) 
and neck twisting/sideways bending also have been associated with 
elevated rates of fatigue and disorders in both laboratory and in- 
dustrial studies (Kilbom et al. 1986; Van Wely 1970; Harms-Ringdahl 
et al. 1986; Tola et al. 1988). 

Upper Arms 
Laboratory and industry-based studies of shoulder posture show 

that prolonged elevation of the upper arms causes extreme levels 
of muscle fatigue and discomfort in the necWshoulder region. Cas- 
es of posture-related tendonitis have been documented on jobs 
where overhead or forward reaches require workers to raise the 
elbow above the level of the mid-torso (Kilbom et al. 1986; Hagberg 
1982; Hagberg 1984; Keyserling et al. 1993). Shoulder extension 
(moving the upper arm backward to retrieve an object behind the 
body) also has been shown to cause injury to the necWshoulder 
region (Feldman et al. 1983). 
Trunk 

Trunk postures that deviate from the neutral upright and for- 
ward-facing position cause fatigue and contribute to occupational 
back pain. Laboratory studies show that forward bending, side- 
ways bending, and twisting the spine increase stresses on the spi- 
nal muscles and intervertebral discs (Schultz et al. 1982). In a recent 
study of automobile assembly workers, non-neutral postures, such 
as forward bending more than 20" from the vertical and twisting 
more than 20" from a forward-facing position, were significant fac- 
tors in work-related back pain (Punnett et al. 1991). Prolonged sit- 
ting also has been related to increased cases of back pain in 
professional drivers (Kelsey and Hochberg 1988). 

Prolonged awkward postures of the lower body may cause pain, 
discomfort, and injury to the legs and feet, including compression 
injuries to nerves. Studies of workers from a variety of industries 
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Allowance 

Base (personal needs and basic fatigue) 

have shown that prolonged or repeated use of a foot pedal while 
standing, or prolonged kneeling, and/or squatting contributes to 
elevated rates of discomfort and injury in the lower body (Feldman 
et al. 1983; Corlett and Bishop 1976). 

P RODUCTIVIW EFFECTS OF AWKWARD POSTURE 
Awkward work postures contribute to fatigue, resulting in a de- 

crease in productivity. Table 11-1 presents supplemental rest al- 
lowances recommended by the International Labor Organization 
for jobs that require the use of awkward work postures (Interna- 
tional Labor Organization 1964). The figures in this table show the 
recommended rest time, expressed as a fraction of the active work 
time, for a worker to recover from the effects of an awkward pos- 
ture. For example, a worker who stands all day in a neutral posture 
should be given a rest allowance of 0.11. During an 8-hour work 
shift, this person would work 432.5 minutes and would need 47.5 
minutes of rest. If the job requires the use of a bent trunk posture, 
the rest allowance would increase to 0.13, resulting in 425 minutes 
of work and 55 minutes of rest. If the job requires extreme reaches 
or stretches, the rest allowance increases to 0.18, resulting in 407 
minutes of work and 73 minutes of rest. It is clear from this exam- 
ple that increased rest requirements decrease productivity for jobs 
that require the use of awkward postures. 

Rest/recovery time* 

.09 

Additional for awkward posture 

Standing upright 
Standing with bent trunk 
Standing with extreme reaches/stretching 

*Expressed as a fraction of work time. 

.02 

.04 

.09 

Awkward work postures may also slow down basic work motions 
and may add nonvalue-added time to production activities. For 
example, the time required to perform the basic hand motion of 
moving a tool or part increases by 15% when the upper arm per- 
forms work in an overhead reach posture (60' above the horizon- 
tal) compared to performing the same task with the shoulder in a 
neutral posture. firthermore, the corresponding time required to 

169 



Ergonomics in Manufacturing 

precisely position a tool or part increases by 26% in the overhead 
reach position compared to the neutral posture (Wiker 1986). The 
simple act of bending the trunk to reach with the hands to a loca- 
tion below the knees requires 2.2 seconds for each lowering and 
subsequent raising of the body (Zandin 1990). Ignoring the previ- 
ously discussed effects of fatigue, this “body motion” time further 
decreases productivity in jobs where workers must repeatedly reach 
to low locations, such as the bottom of bins and pallets during 
material handling activities. 

POSTURE ANALYSIS METHODS 
Posture analysis techniques can be classified into two major cat- 

egories: 1) exposure assessment methods, and 2) root cause analy- 
sis methods. 

Exposure assessment methods determine whether or not a worker 
uses postures likely to have adverse effects on health and produc- 
tivity. They generally measure the presence and time duration of 
awkward postures. Often, benchmarks are provided so that the user 
can determine if a posture problem exists on a job. Most exposure 
assessment techniques are designed to minimize the time required 
to collect and analyze data. In achieving this time efficiency, these 
methods may not provide sufficient information to determine the 
underlying causes of awkward posture. 

Root cause analysis methods are used to understand how work- 
place attributes and work tasks cause awkward postures. In addi- 
tion to measuring the presence and time duration of awkward 
postures, these methods also involve detailed documentation of 
workstation layout and work methods. Because these techniques 
are quite time consuming, they are frequently limited to situations 
where awkward postures are known to exist and a commitment 
has already been made to provide the resources for job redesign. 

EXPOSURE ASSESSMENT METHODS 

Posture Checklists 
A posture checklist is an exposure assessment tool that can be 

used by persons with relatively little formal training in either pos- 
ture analysis or ergonomics. Posture checklists are used in situa- 
tions when the primary goal is to quickly analyze a large number 
of jobs to identify situations where work posture may cause exces- 
sive fatigue and injury. 

Checklists are used often in conjunction with facility-wide ergo- 
nomic surveys (evaluating all jobs at a work site) when time to an- 
alyze each job is limited to only a few minutes. In this sense, the 
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checklist serves as a preliminary screening tool that classifies a 
job as either “acceptable” or “requiring further study.” 

Because checklists do not provide precise quantitative measures 
of exposure or identify root causes of awkward posture, follow-up 
analyses must be performed on all “further study” jobs. Despite 
this limitation, checklists remain useful, particularly when an er- 
gonomics program is first introduced at a work site. In this situa- 
tion, the level of ergonomics expertise within the plant is quite 
limited and there is a pressing need to screen a large number of 
jobs in a small amount of time to establish priorities for subse- 
quent actions. 

Figure 11-1 presents a checklist for evaluating posture of the 
lower body, trunk, neck, and shoulders. This checklist was devel- 
oped and used as part of a joint labor/management ergonomics 
program in a large U.S. manufacturer of cars and trucks (Keyser- 
ling et al. 1993; Keyserling et al. 1992). Because this program 
stressed floor-level participatory ergonomics, the checklist was 
designed to be used by line supervisors and production workers 
with little formal training in ergonomics. Users observed the job 
(typically for 15-20 minutes) to determine if certain awkward pos- 
tures were used (see specific checklist questions in Figure 11-1). If 
a listed awkward posture was never used, a check mark was placed 
in the “never” column following the question. If an awkward pos- 
ture was used, it was necessary to judge its duration as either less 
than or greater than one-third of the work cycle, and to place a 
mark in the appropriate column. 

The response to each question in Figure 11-1 produced a quali- 
tative estimate of risk, using the following categories: 

1. Acceptable: exposure to the posture for the indicated dura- 
tion presented insignificant risk of posture-related fatigue or 
injury to workers. 

2. Moderate risk: exposure for the indicated duration presented pos- 
sible risk of posture-related fatigue or injury to some workers. 

3. Significant risk: exposure for the indicated duration produced 
posture-related fatigue and was likely to cause posture-relat- 
ed injury to many workers. 

Results of the checklist evaluation were used by site-based er- 
gonomics teams as one of several criteria to select priority jobs for 
further analysis and ergonomic intervention. Other criteria used 
for prioritization included: corroborating evidence on employee 
health records of excessive posture-related illness or injury; em- 
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None 
Lower body 

1. Use a foot pedal while standing 
2. Lie down on back or side 
3. Kneel on one or both knees 
4. Squat or work with bent knees 

(knee angle < 150") 

Trunk 
5. Sit with backrest 
6. Sit without backrest 
7. Mild forward bending (trunk >20" 

from vertical) 
8. Severe forward bending (trunk 
>45" from vertical) 

9 .  Twist more than 20" 
10. Bend to the side more than 20" 

Neck 
11.  Mild forward bending (neck >20" 

from vertical) 
12. Severe forward bending (neck 

>45" from vertical) 
13. Bend backward more than 20" 
14. Twist more than 20" 
15. Bend to the side more than 20" 

Shoulders 
16. Left: upper arm used at or above 

17. Right: upper arm used at or above 
mid-torso 

mid-torso 

Legend 
r 

Acceptable (insignificant risk of iniury) 
.Moderate risk of injury to some workers 
Significant risk of injury 

Duration 
>1/3 

Some -,Cycle 

Figure 7 7 - 7 A checklist for assessing exposure to awkward work postures (Keyserling 
et al. 7 993; Keyserling et al. 7 992). 

ployee/supervisor complaints of excessive fatigue or discomfort 
while performing the job; the number of employees who would 
benefit from ergonomic enhancements to the job; the time required 
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to design and install job improvements; and the expected benefits 
and costs associated with implementing job changes (Keyserling 
et al. 1993; Keyserling et al. 1992). 

The checklist questions in Figure 11-1 were used to evaluate 335 
jobs at four work sites (an engine manufacturing plant, a metal 
stamping plant, and two warehouses). A subset of these jobs was 
also evaluated by ergonomic experts using a method that will be 
described later. Major findings included the following (Keyserling 
et al. 1993; Keyserling et al. 1992): 

Checklist results were generally in agreement with those of 
expert ergonomists, however the checklist tended to overesti- 
mate the seriousness of certain exposures. 
Users considered the checklist to be a helpful and easy-to-use 
job analysis tool. 
At some sites, the checklist was used to identify root causes of 
postural stress. 

Whenever a question produced a mark in either the “marginal 
risk” or “significant risk” column, supplemental notes were taken 
to document workstation features and/or work methods that caused 
the awkward posture. Results of the checklist analysis were also 
used to select jobs for ergonomic improvements. 
Statistical Sampling 

Statistical sampling is an exposure assessment tool that provides 
unbiased quantitative information on the amount of time (usually 
expressed as a percentage of the work shift) spent in neutral ver- 
sus awkward postures. The procedure is based on work sampling, 
a work measurement tool used by industrial engineers since the 
early 1900s (Niebel 1993). To perform a statistical sampling study, 
it is first necessary to designate posture categories for the body 
segments of interest. Figure 11-2 presents a system for classifying 
the lower body, trunk, shoulders, and neck into designated pos- 
ture categories. This system, called the Ovako Working Posture 
Analysis System (OWAS), was developed during the mid-1970s in 
Finland by Ovako Oy, a private steel company, and the Finnish 
National Institute for Occupational Health (Karhu et al. 1977). The 
OWAS system also provides benchmarks for interpreting the re- 
sults of a sampling study. Four action categories are defined, rep- 
resenting increasing levels of urgency for implementing job 
improvements: 

1. Acceptable: the duration of exposure to the posture is not harm- 
ful and no corrective actions are necessary. 
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Percentage of Time in Posture 

d 10: 2d 30; 4d 50i 6d 7d 80i 90; 10d 

Lower body 
Sitting 
Standing, weight on 2 feet-legs straight 
Standing, weight on 1 foot-legs straighi 
Squatting-both legs bent at knee 
Kneeling (one or two knees) 
Walking 

Trunk 
Neutral, upright with no twisting 
Bent forward, more than 20" 
Twisted more than 20" 
BenVtwisted (more than 20" from neutral) 

Neck 
Neutral, upright with no twisting 
Bent forward. more than 20" 
Bent to eithe; side, more than 20" 
Bent backward, more than 20" 
Twisted more than 20" 

Shoulders 
Both elbows below shoulder level 
One elbow above shoulder level 
Both elbows above shoulder level 

Legend: 0 Acceptable 0 Slightly harmful 1- Distinctly harmful - Extremely harmful 

Figure 7 7-2 OWAS method for evaluating stressfulness of selected work postures (Karhu et al. 7977; Kilbom et al. 7985). 
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2. Slightly harmful: the duration of exposure is sufficiently long 
to cause fatigue or discomfort. Corrective actions should be 
taken in the near future. 

3. Distinctly harmful: the duration of exposure is sufficiently 
long to cause extreme fatigue, discomfort, and/or injury. Cor- 
rective actions should be taken as soon as possible. 

4. Extremely harmful: immediate action is needed to correct an 
unacceptable level of postural stress. 

Benchmarks for determining action categories based on the per- 
centage of time spent in various postures using the OWAS classifi- 
cation system are included in Figure 11-2 (Mattila et al. 1993). 

Data collection in a statistical sampling study involves taking a 
large number (typically 500-1,000) of randomly-scheduled, instan- 
taneous observations of work posture. When using OWAS, each 
observation involves classifying and recording the position of four 
body locations: the lower body (six categories), the trunk (four cat- 
egories), the neck (five categories), and the shoulder (three catego- 
ries). Once all the observations have been taken, calculations are 
performed at each body location to determine the percentage of 
time spent in each designated posture using the ratio: 

number of observations of the specific work posture X 100 
total number of observations in the study 

The observed percentages are then compared to the benchmarks 
in Figure 11-2 to determine whether corrective action is needed. 

Example: A statistical sampling study (750 random observations) 
of a metal stamping operation was performed using the OWAS sys- 
tem. In this job, a seated worker manually loaded small blanks to 
an open-back, inclined stamping press and then activated two-hand- 
ed palm buttons to initiate the press cycle. Approximately 5,000 
units were produced during a 9-hour work shift. Unprocessed 
blanks were obtained from a feed hopper located to the left of the 
worker. The worker periodically stood up to reposition parts in the 
feed hopper. A small amount of walking was required to talk with 
supervisors and perform preventive inspections and maintenance. 

The results of the OWAS analysis are summarized in Table 11-2. 
The analysis of lower body posture shows that this job is accept- 
able; over 80% of the job can be performed in a seated position 
with an occasional shift to standing or walking. Forward bending 
of the trunk occurs during 54% of the work shift. This posture, 
rated as “slightly harmful,” occurs during two activities: 1) leaning 
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Table 11 -2. Results of an OWAS posture analysis for a stamping press operation 

Posture 

lower body 

Sitting 
Standing, weight on two feet, legs straight 
Standing, weight on one foot, legs straight 
Squatting, both legs bent at knee 
Kneeling (one or two knees) 
Walking 

Trunk 

N eutra I 
Bent forward, more than 20" 
Twisted more than 20" 
Bent and twisted 

Neck 

N eutra I 
Bent forward, more than 20" 
Bent to either side, more than 20" 
Bent backward, more than 20" 
Twisted more than 20" 

Shoulders 

Both elbows below shoulder 
One elbow above shoulder 
Both elbows above shoulder 

zounf 
- 

622 
41 
23 
0 
0 

64 

297 
407 

0 
46 

346 
339 

0 
0 

65 

702 
48 

0 

% 

83 
5 
3 
0 
0 
9 

40 
54 
0 
6 

46 
45 
0 
0 
9 

94 
6 
0 

OWAS class 

Acceptable 
Acceptable 
Acceptable 
Acceptable 
Acceptable 
Acceptable 

Acceptable 
lightly harmful 

Acceptable 
Acceptable 

Acceptable 
lightly harmful 

Acceptable 
Acceptable 
Acceptable 

Acceptable 
Acceptable 
Acceptable 

forward while seated to load parts into the press, and 2) leaning 
forward while standing to arrange parts in the feed hopper. For- 
ward bending of the neck occurs for 45% of the shift. This slightly 
harmful posture also occurs during two activities: 1) visually in- 
specting the position of the blank on the die prior to initiating the 
press cycle, and 2) arranging parts in the feed hopper. Shoulder 
posture is acceptable, with only occasional elevation of the upper 
arm when arranging parts in the hopper. 

Statistical sampling methods, such as OWAS, are quite easy to 
learn. While study design requires a good knowledge of statistics 
to assure that sample sizes are adequate to provide desired levels 
of confidence and precision, data collection can be performed by a 
technician and does not require an extensive background in either 
ergonomics or statistics. Compared to checklist methods, statisti- 
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cal sampling provides a considerably more precise measurement 
of the time spent in awkward work postures. Data collection re- 
quires more time, however, due to the large number of required 
observations. Like checklists, sampling methods do not identify 
root causes of awkward posture, and follow-up analyses are required 
to implement effective job changes. 

ROOT CAUSE ANALYSIS METHODS 
To develop effective interventions for reducing postural stress 

on a job, it is first necessary to understand how factors such as a 
worker’s body size, workstation layout, equipment, tools, and work 
methods interact to influence working posture. To do this, one must 
measure and record working posture (often at multiple joints) and 
work activities on a common, continuous time scale. This is a com- 
plex data collection activity, for which the pencil and paper meth- 
ods previously described are no longer feasible. Instead, videotape 
is used to create a permanent recording of the job that can be played 
and replayed (in slow motion, if needed) by the job analyst. Per- 
sonal computers are also used to assist the analyst in recording 
posture and work activities, and to generate reports. 

Video-based, computer-aided systems were developed during the 
mid-1980s at the Swedish National Institute for Occupational 
Health (Kilbom et al. 1985) and at the University of Michigan(Key- 
serling 1990; Keyserling 1986) to analyze the working posture of 
the lower body, trunk, shoulders, and neck during repetitive as- 
sembly line jobs. Because the computer simplifies data recording 
activities and reduces analysis time, the system can be used to 
quickly analyze postural stresses in the workplace. 
Similarity to Time Study 

The video computer-aided system for observing and recording 
work posture is developed from the time study methods used by 
industrial engineers. Time study and posture analysis are concep- 
tually similar; the goal of the time study is to measure the amount 
of time required to complete a work element, while the goal of pos- 
ture analysis is to measure the amount of time the worker spends 
in certain postures (Niebel 1993; Keyserling 1986). To make pos- 
ture analysis feasible, it is first necessary to define standard pos- 
tures. Along with a menu of standard postures, time study methods 
can be used to measure the time spent in each posture. 
Posture Classification 

The posture classification system presented in Figure 11-3 de- 
fines a menu of standard postures for the lower extremities, trunk, 

177 



Ergonomics in Manufacturing 

shoulders, and neck. This menu was developed at the University 
of Michigan by observing videotapes of a variety of work activities 
in several manufacturing facilities to establish a taxonomy of com- 
mon work postures, and by reviewing the literature to identify spe- 
cific work postures associated with the development of fatigue and/ 
or musculoskeletal disorders (Keyserling 1990). For each joint of 
interest, the neutral posture was considered to be a position that 
placed relatively low levels of stress on the musculoskeletal sys- 
tem and that could be maintained for prolonged periods without 
unusual fatigue or discomfort. Non-neutral postures were associ- 
ated with increased levels of muscular activity and/or strain on 
connective tissues. Finally, posture categories were selected to fa- 
cilitate the need for the analyst to make rapid classification deci- 
sions while viewing a videotape. 

When using the system, it is necessary to independently describe 
the posture of the trunk, neck, left shoulder, right shoulder, and 
lower extremities using these standard positions. Trunk posture is 
classified with respect to an absolute neutral posture (vertical ori- 
entation with no twisting). Neck and shoulder postures are classi- 
fied relative to the position of the trunk. Lower extremity posture 
is classified based on activities and/or the method of supporting 
body weight. 

Equipment and Procedures 
The first step in the analysis is to obtain a continuous videotape 

of the job, using any portable video camera and recorder. A color 
system is recommended, however, because it increases the detail 
and quality of the playback. 

When making the tape, it is essential that the camera angle be 
chosen so that all joints of interest (trunk, neck, shoulders, and 
lower extremities) are not obstructed. In some cases, it is advisable 
to use more than one camera angle to record the job. For highly 
repetitive work, such as an assembly line job with a cycle time of 
less than two minutes, several work cycles should be recorded con- 
tinuously from each camera angle. This assures that all major work 
activities will be documented. A dimensioned workplace sketch, 
showing the location of the operator, equipment, tools, material 
handling devices, etc., should be made at the time of videotaping. 
This sketch is used in conjunction with the results of the posture 
analysis to evaluate the workstation layout. 

The second step of the analysis process is to develop a sequen- 
tial description of major tasks, or work elements, required to per- 
form a complete work cycle. (Note: A work cycle is the sequence of 
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I 

Twisting 

Flexion/extension Bending 

1. Stand - extension (a <-20") 6 .  Lift - on back or side 
2. Stand - neutral 7. Sit - neutral 
3. Stand - mild flexion (a >20") 8. Sit - flexion 
4. Stand - severe flexion (a >45") 9. Sit - bendhis t  
5. Bendhist (p or y >20") 

Twisting 
Flexion/extension Bending 

I Standard Neck Postures I 
1. Extension (a <-Zoo) 
2. Neutral 
3. Mild flexion (a >Zoo) 

4. Severe flexion (a 245") 
5. Bendhist (p or y 220") 

n 

b Shoulder elevation 

Standard Shoulder Postures 

1. Neutral (0 <45") 
2. Mild elevation (0 >45") 

Standard Lower Extremity Activities 

1. Walk 
2. Stand 
3. Lean (body weight supported 

4. Squat (included knee angle 90-180") 
5. Deep squat (included knee angle <90") 
6. Kneel (one or both knees touch the floor) 

by external object) 7. Sit 

Figure 7 7-3 Standard categories for classifying posture at the trunk, neck, shoulders, and 
lower extremities in a video computer-aided posture analysis system (Keyserling 7 990). 
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elements performed by a worker to produce one unit of product.) 
After the elements have been identified and listed sequentially, a 
stopwatch or other timing device is used to measure the duration 
of each element and its end point relative to the start of the work 
cycle. This procedure establishes a common time scale so that work 
postures can be associated with specific work activities. 

The third step is to collect the postural data. To keep all analyses 
on a common time scale, it is necessary to analyze the same se- 
quence of videotape that was used to develop the task description. 
A personal computer is used to assist the analyst in collecting and 
recording time and posture data. The computer keyboard is used 
to enter data while the tape is played, and the computer’s internal 
clock is used to measure time. To do this, each of the standard 
postures in Figure 11-3 is assigned a key. 

Whenever the worker changes posture, the analyst hits a key 
corresponding to the new posture. The value of the new posture 
and the time of the posture change (measured by the internal clock 
relative to the start of the work cycle) are stored for subsequent 
analysis and archiving. Because the computer performs all required 
timekeeping and clerical functions, the analyst can devote unin- 
terrupted attention to the videotape. This is an essential feature 
due to the very short time (sometimes less than 0.5 seconds) be- 
tween posture changes on highly dynamic jobs. 

To eliminate the need for observing multiple joints simultaneous- 
ly, the tape is played one time for each joint of interest (lower ex- 
tremities, trunk, left shoulder, right shoulder, and neck). The joints 
can be analyzed in any order since each analysis is performed on a 
common time scale, with zero corresponding to the start of the work 
cycle. 

System Reports 
Following the final data entry, the computer generates a posture 

profile for each joint. These profiles provide basic descriptive sta- 
tistics for postural activity (the total time spent in each standard 
posture during the work cycle, the minimum and maximum times 
spent in each standard posture, the number of times the posture 
was entered, etc.). Posture profiles also may be used to evaluate the 
effectiveness of changes in workstation layout and work methods. 

The system also has the capability to generate a graph that shows 
posture changes over time for any joint of interest. For the purposes 
of job redesign, it is useful to consider postural activity and task 
activities on a common time scale. This graph can be used in con- 
junction with the sequential task description to identify specific 
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work activities associated with awkward postures (Keyserling 1990; 
Keyserling 1986). 

A CASE STUDY 
This case study (Keyserling et al. 1993) is taken from a parts 

distribution center where bulk shipments of automotive replace- 
ment parts are unitized (wrapped or boxed into individual contain- 
ers) prior to warehouse storage. The case study job involves a 
routine maintenance procedure on a unitizing machine that wraps 
small, lightweight parts in an envelope formed from a roll of plas- 
tic film. When the roll of film is depleted or when a different width 
of film is required for a new batch of parts, the machine operator 
must perform a roll change. Depending on production require- 
ments, the roll change activity is performed between two and six 
times per shift. Because of the posture stresses on this job, the 
previously described posture analysis system was used. 

Workstation Layout and Awkward Trunk Posture 
Initially, the depleted roll of plastic film was positioned on a spin- 

dle on the wrapping machine approximately 15 in. (38 cm) above 
the floor as shown in Figure 11-4. This location required the work- 
er to bend the trunk forward more than 45' from the neutral up- 
right position when changing the film and when adjusting the 
machine to accommodate the new roll. firthermore, incoming rolls 
of plastic film (weighing 47.4 lb [21.5 kg]) were stored in boxes on 
pallets, as shown in Figure 11-5. Note that the boxes at the bottom 

P RE-CHANGE ANALYSIS 

Side view End view 

Film roll 
(in place on machine) Spindle Film roll L 

A 

Side view 

Film roll 
(in place on machine) I\ L 5 16.1 in. 15 in. 

J 

End view 

Spindle Film roll 

16.1 in 

Figure 7 7-4 Location of film roll on wrapping machine prior to ergonomic changes. 
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Boxes: 16.9 in. (43 cm) W X 16.9 in. L X 8.7 in. (22 cm) H 

film film 

film film c film film 

3.9 in. (10 cm) pallet 

Figure 11-5 Pallet for storing film rolls prior to  ergonomic changes. 

of the pallet were only 3.9 in. (10 cm) above the floor, requiring the 
worker to bend forward when obtaining or replacing rolls at this 
level. 

Work Elements 

involved the following tasks: 
Prior to changes to improve working posture, a typical roll change 

1. Cut film, remove old roll from spindle, and carry it to storage 

2. Walk to film storage pallet, open box containing new roll. 
3. Remove new roll and place on floor. 
4. Roll new roll across the floor to the wrapping machine (dis- 

5. Insert spindle into new roll and lift assembly into machine. 
6. Secure new roll in feed mechanism and splice leader to rem- 

location. 

tance up to 13 ft  [4.0 m]). 

nant of old roll. 

Posture Analysis 
Due to the low height of plastic roll on the wrapping machine 

and the low storage height of boxes on the pallet, elements #1 ,3 ,  
4,5, and 6 were performed with the worker’s trunk bent forward. 
As shown in Table 11-3,87% of the work cycle was performed with 
the trunk in severe flexion (forward bending more than 45O). In 
addition, mild forward flexion of both shoulders was required when 
performing some of the low reaches. 
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Observed 

Table 11 -3. Results of posture analyses on case 
study iob (Keyserling et al. 1993) 

% of 
postures 

Trunk 

Stand, neutral 
Stand, mild flexion 
Stand, severe flexion 
Obscured view 

Neck 

Neutral 
Mild flexion 
Severe flexion 
Twisting 
Obscured view 

Left shoulder 

Neutral 
Mild elevation 
Severe elevation 
Obscured view 

Right shoulder 

Neutral 
Mild elevation 
Severe elevation 
Obscured view 

Pre-change 

13 
0 

87 
0 

75 
24 
0 
3 
0 

31 
68 
<1 

0 

21 
79 
<1 

0 

ycle 
Post-change 

72 
23 

2 
3 

58 
38 
<1 
<1 

3 

88 
10 
0 
3 

89 
8 
0 
3 

Time in post1 

Pre-change 

9.5 
0.0 

70.5 
0.0 

17.0 
5.7 
0.0 
1.4 
0.0 

10.9 
23.8 
0.3 
0.0 

10.7 
51.8 
0.3 
0.0 

Note: Lower body posture was not considered during this case study. 

e (seconds) 
Post-change 

30.6 
8.4 
3.1 
7.0 

22.4 
9.6 
0.7 
1.5 
7.0 

113.0 
16.0 
0.0 
6.8 

46.6 
4.6 
0.0 
6.9 

ERGONOMIC CHANGES 

ic stresses on this job: 
Three significant changes were implemented to reduce ergonom- 

1. The location of the film roll on the machine was raised from 
15 in. (38 cm) to 31.1 in. (79 cm). See Figure 11-6. 

2. The pallet used for storing film rolls was positioned on a 22.8- 
in. (58-cm) “backsaver” rack. See Figure 11-7. 

3. A lift cart was provided for raising, lowering, and transport- 
ing rolls. Not only did this eliminate the need to stoop while 
rolling the roll across the floor from the storage pallet to the 
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Film roll 
(in place on machine) 

31.1 in. (79 cm) 

Figure 17-6 Location of film roll on wrapping machine after ergonomic changes. 
Raising spindle location reduced awkward trunk posture during roll change 
operations. 

machine, but it also eliminated the need to manually lift and 
lower a heavy load-66 lb (30 kg), including spindle. 

P OST-CHANGE ANALYSIS 

Workstation Layout and Work Elements 
The effort of the worker to reach to low locations was ameliorat- 

ed by raising the height of the film roll on the machine and placing 
storage pallets on racks. firthermore, with the addition of the lift 
cart, the following sequence of tasks was used to perform a roll 
change: 

1. Cut film and use lift cart to remove old roll and spindle from 

2. Use cart to transfer used roll to storage location; place used 

3. Push cart to pallet holding boxes of new rolls. 
4. Remove new roll from box and place on cart. 

machine. 

roll on storage pallet. 

184 



Methods for Evaluating Postural Work Load 

22.8 in. 
(58 cm) 

film film 

film film 

film film 

Backsaver 

Figure 1 1-7 Location of film roll on machine after ergonomic changes. Placement of 
the pallet on a "backsaver" rack raises rolls off the floor, reducing awkward trunk 
posture. 

5. Push cart to wrapping machine. 
6. Insert spindle in new roll, use cart to lower assembly into 

7. Secure new roll in feed mechanism and splice leader to rem- 
machine. 

nant of old roll. 

Posture Analysis 
As a result of changes to workstation layout and equipment, it 

was no longer necessary for the worker to position the trunk in 
severe flexion. As shown in Table 11-3, the new configuration al- 
lowed the worker to maintain a neutral posture for 72% of the work 
cycle. Mild trunk flexion was required during 23% of the cycle and 
a twistedbent posture was required for only 2% of the cycle. The 
time spent with the left and right shoulders in an elevated posture 
was also decreased as a result of reduced reach requirements. 

Case Review 
A posture analysis of this job revealed that roll changing required 

prolonged usage of awkward trunk postures. This information was 
used to develop changes in workstation layout and equipment to re- 
duce the duration and severity of awkward trunk postures. firther- 
more, the new lift cart significantly reduced the amount of lifting 
and carrying required to perform a roll change. Both of these chang- 
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es reduced worker exposure to risk factors associated with occupa- 
tional low-back pain. There was also a slight reduction in awkward 
shoulder postures as a result of the layout changes. 

SUMMARY 
Awkward working posture occurs when there is a mismatch be- 

tween a worker’s body size and job requirements. When awkward 
postures are used repetitively or for extended periods, undesired 
outcomes may occur, including fatigue, discomfort, injury, and re- 
duced productivity. 

Ergonomists have developed a number of job analysis method- 
ologies to evaluate awkward postures. Some of these methods (for 
example, posture checklists and OWAS) are easy to use and do not 
require special equipment. These methods can be used as part of a 
rapid screening program to identify jobs where postural demands 
are excessive. When the rapid screening methods identify a job 
with excessive postural stress, it is necessary to perform a detailed 
analysis to determine the root causes of awkward posture. This 
analysis provides the essential information for developing practi- 
cal and effective workplace interventions for controlling awkward 
posture. 
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Cincinnati, OH 

Handling objects manually is a major source of lower back inju- 
ries in the workplace (Troup and Edwards 1985; Centers for Dis- 
ease Control 1983; Bureau of Labor Statistics 1982; Snook 1988). 
Designers, as well as practitioners, of manual material handling 
have relied on job design as a means to reduce the frequency and 
severity of back injuries (Snook 1978). Job design involves tailor- 
ing job demands to worker ability. For job design to succeed in 
industry, information predicting the manual material handling 
capabilities of workers is necessary. There are mathematical mod- 
els that allow such predictions to be made. The models presented 
in this chapter can be used to calculate a recommended weight or 
force for handling activities for a given set of input conditions- 
lifting, lowering, pushing, pulling, or carrying activities. 

Safe manual handling limits should be based on integration of 
biomechanical, physiological, and psychophysical criteria. Previ- 
ous attempts have concentrated on establishing such limits for 
manual lifting (Waters et al. 1993), and consider task parameters 
such as frequency and distance traveled. Furthermore, since the 
practice of industrial manual handling operations consists of the 
previously mentioned activities, it is quite obvious that there is an 
urgent need to establish safe limits for all types of manual han- 
dling activities. 

MODELS 

STRUCTURE 
The mathematical models presented in this chapter are patterned 

after the empirical equation proposed by Drury and Pfeil(l975) for 
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lifting activities. Their model was described by a base weight (the 
maximum weight that can be lifted under ideal conditions). It is 
multiplied by a series of factors representing effects of the task 
variables. Optimum conditions of a factor are represented by a val- 
ue of one, whereas non-ideal conditions are scaled to yield factors 
of less than one. The model assumes that all factors are interacting 
in a multiplicative way. The lifting equations formulated by the 
National Institute for Occupational Safety and Health (NIOSH) 
(Waters et al. 1993) are based on a similar approach. 

The models calculate a recommended load for a given task by 
using a base weight, the maximum weight or force that can be han- 
dled under ideal conditions, multiplied by a series of factors that 
represent the effects of the task and personal variables (Hidalgo et 
al. 1997; Shoaf et al. 1997). For all factors except body weight, opti- 
mum conditions are represented by a value of one, whereas non- 
ideal conditions are scaled to yield factors of less than one. Based 
on the models’ output, resulting load capacities can be predicted 
for workers of both genders and for any percentage of the worker 
population performing all types of manual material handling ac- 
tivities. 

Each mathematical model was built in a three stage process. 
Initially, these models were based on the psychophysical data es- 
tablished by Snook and Ciriello (1991). Base weights and discount- 
ing factor multiplier curves were generated for both male and 
female populations. Then, the biomechanical approach (Tichauer 
1973; Tichauer 1978) was used to modify the recommended base 
weights. Finally, the physiological approach was used to refine the 
frequency multiplier curves. 
Lifting 

The structure of the lifting model (Hidalgo et al. 1997) is: 

LC = W, x H x V x  D x F XAG x B W x  TD x T x C X H S  

where: 

LC = lifting capacity (kg) 
W, = maximum load acceptable to a specified percentage of the 

worker population (kg) (see Table 12-1) 
H = multiplier for horizontal distance away from the body with 

respect to the midpoint between the ankles (cm) (see Table 
12-2) 

12-3) 
V = multiplier for the vertical distance of lift (cm) (see Table 

190 



Manual Material Handling: Design Data Bases 

Table 12-1. Base weights for lifting and 
lowering 

Table 12-3. Vertical travel distance 
multiplier for lifting 

D = multiplier for the vertical distance of the hands between the 

F = multiplier for the frequency of lift (timedminute) (see Table 
origin and the destination of lift (cm) (see Table 12-4) 

12-5) 

191 

Population Male Female 
% Ib (kg) 
5 86.2 (39.1) 50.3 (22.8) 

10 82.7 (37.5) 48.9 (22.2) 
15 79.4 (36.0) 47.4 (21 5) 
20 76.1 (34.5) 46.1 (20.9) 
25 72.8 (33.0) 44.8 (20.3) 
30 69.4 i31.5j 
35 66.1 (30.0) 
40 62.8 128.51 

43.4 i i9.7j 

39.5 (1 7.9) 

42.1 (19.1) 
40.8 (18.5) 

38.1 (17.3) 
36.8 (16.7) 
35.5 (16.11 
34.2 (15.5) 
32.8 (14.9) 
31.5 (14.3) 
30.2 (13.7) 
28.9 (13.1) 

90 27.6 (12.5) 
95 26.2 (1 1.9) 26.2 (1 1.9) 

Table 12-2. Horizontal distance 
multiplier for lifting 

Distance in. (cm) Male Female 

9.8 (25) 1.00 1.00 
11.8 (30) 0.87 0.84 
13.8 (35) 0.79 0.73 
15.7 (40) 0.73 0.66 
17.7 (45) 0.70 0.64 
19.7 (50) 0.68 0.65 
21.7 (55) 0.63 0.61 
23.6 (60) 0.52 0.50 
24.8 (63) 0.43 0.41 

Distance in. (cm) Male Female 

9.8 (25) 1.00 1.00 
11.8 (30) 0.97 0.99 
13.8 (35) 0.94 0.97 
15.7 (40) 0.91 0.96 
17.7 (45) 0.88 0.95 
19.7 (50) 0.86 0.94 
21.7 (55) 0.84 0.92 
23.6 (60) 0.83 0.89 
25.6 (65) 0.81 0.87 
27.6 (70) 0.80 0.84 
29.5 (75) 0.79 0.82 
31.5 (80) 0.78 0.80 
33.5 (85) 0.77 0.79 
35.4 (90) 0.76 0.78 
37.4 (95) 0.75 0.77 
39.4 (100) 0.73 0.77 
41.3 (105) 0.72 0.76 
43.3 (1 10) 0.71 0.75 
45.3 (1 15) 0.69 0.75 
47.2 (120) 0.68 0.75 
49.2 (125) 0.67 0.74 
51.2 (130) 0.66 0.74 
53.1 (1 35) 0.64 0.74 
55.1 (140) 0.63 0.74 
57.1 (145) 0.61 0.74 
59.1 (150) 0.59 0.74 
61.0 (155) 0.57 0.73 
63.0 (160) 0.55 0.73 
65.0 (165) 0.52 0.73 
66.9 (1 70) 0.49 0.72 
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Table 12-4. Vertical distance Table 12-5. Frequency multiplier 
multiplier for lifting for lifting 

AG = multiplier for age group 
(see Table 12-6) 

BW= mul t ip l i e r  f o r  body 
weight (see Table 12-7) 

TD = multiplier for task dura- 
tion (hours) (see Table 

T = multiplier for trunk twist- 
ing angle (") (see Table 

C = multiplier for coupling 
factor (see Table 12-10) 

H S  = multiplier for heat stress 
(" C, wet bulb globe tem- 
pera ture)  (see Table 
12-11). 

12-8) 

12-9) 

Lowering 
The structure of the lowering model (Shoaf et al. 1997) is: 

LOC = W, x H x V x  F x AG x B W x  TD 

192 

Distance in. (cm) Male Female 

0 (0) 0.62 0.74 
2.0 (5) 0.64 0.76 
3.9 (10) 0.67 0.77 
5.9 (15) 0.69 0.79 
7.9 120) 0.72 0.81 
9.8 i25j 0.75 0.83 

11.8 (30) 0.77 0.84 
13.8 (35) 0.80 0.86 
15.7 (40) 0.82 0.88 
17.7 (45) 0.85 0.90 
19.7 (50) 0.87 0.91 
21.7 (55) 0.90 0.93 
23.6 (60) 0.92 0.95 
25.6 (65) 0.95 0.97 
27.6 (70) 0.98 0.98 

31.5 (80) 0.99 0.99 
33.5 (85) 0.98 0.98 
35.4 (90) 0.97 0.96 
37.4 (95) 0.96 0.95 
39.4 (1 00) 0.94 0.93 
41.3 (105) 0.93 0.90 
43.3 (1 10) 0.92 0.88 
45.3 (1 15) 0.91 0.86 
47.2 (1 20) 0.89 0.83 
49.2 (1 25) 0.88 0.81 
51.2 (130) 0.87 0.78 
53.1 (135) 0.84 0.76 
55.1 (140) 0.83 0.72 
57.1 (145) 0.82 0.70 
59.1 (150) 0.80 0.67 
61.0 (155) 0.79 0.65 
63.0 (1 60) 0.77 0.62 
65.0 (1 65) 0.76 0.60 
66.9 (170) 0.73 0.56 
68.9 (175) 0.71 0.54 

29.5 (75) 1.00 1.00 

Frequency 
Times/min Male Female 

0.20 1 .oo 1 .oo 
0.50 0.99 0.99 
1 .oo 0.95 0.91 
2.00 0.89 0.87 
3.00 0.83 0.84 
4.00 0.78 0.80 
5.00 0.73 0.77 
6.00 0.69 0.74 
7.00 0.65 0.70 
8.00 0.62 0.68 
9.00 0.59 0.66 

10.00 0.56 0.65 
11  .oo 0.54 0.64 
12.00 0.52 0.63 
13.00 0.50 0.63 
14.00 0.49 0.62 
15.00 0.47 0.61 
16.00 0.46 0.60 
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Duration 
(hr) 

Table 12-6. Age multiplier 

Azle I Male I Female I 
Multiplier 20 

25 
30 
35 
40 
45 
50 
55 
60 

Table 12-7. Body weight multiplier 

1 .oo 1 .oo 
0.91 0.95 
0.88 0.90 
0.88 0.87 
0.86 0.82 
0.78 0.79 
0.69 0.72 
0.62 0.64 
0.59 0.49 

Table 12-8. Task duration multiplier 

Twisting 
angle (") Multiplier 

91 
0.67 

0 

0.50 
0.45 

1 .oo 

Table 12-9. Twisting multiplier 
for lifting 

10 0.98 

70 
80 
90 

100 
110 
120 
130 

0.83 
0.81 
0.78 
0.76 
0.74 
0.71 
0.69 

Coupling 

Good and comfortable handledfirm holds to initiate the lift 
Poor quality handles/limited or slippery hold 
No handles/holds to initiate the lift 
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Multiplier 

1 .ooo 
0.925 
0.850 

Weight Ib (kg) Male Female 

0.70 1.00 88.2 (40) 
0.70 1.00 99.2 (45) 
0.70 1.00 110.2 (50) 
0.70 1.00 121.3 (55) 
0.70 1.00 132.3 (60) 
0.80 1.20 143.3 (65) 
1.00 1.40 154.3 (70) 
1.20 1.68 165.3 (75) 
1.30 1.85 176.4 (80) 
1.41 1.98 187.4 (85) 
1.45 2.05 198.4 (90) 
1.45 2.05 209.4 (95) 

220.5 (100) 1.45 2.05 
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88 i31j 
90 (32) 
91 (33) 
93 (34) 
95 (35) 
97 (36) 
99 (37) 

100 (38) 
102 (39) 
104 1401 

Table 12-1 1. Heat stress multiplier where: 

0.90 
0.88 
0.86 
0.83 
0.81 
0.78 
0.76 
0.74 
0.71 
0.69 

for lifting LOC = lowering capacity (kg) 
I Heat stress I I W ,  = maximum load ac- 
I O F (" C) I Multiplier I 

66-81 (19-27) 

0.95 
86 (30) 0.93 

D 

H =  

ceptable to a specified 
percentage  of t h e  
worker population 
(kg) and is also a func- 
tion of level of lower- 
i n g  ( w h e r e  F K  = 
knuckle to floor, KS = 
shoulder to knuckle, 
S R  = arm reach to  
shoulder) (see Table 
12-1) 
multiplier for the hor- 
izontal distance away 
from the body with 

Table 12-1 2. Horizontal distance multiplier for lowering 

respect to the midpoint between the ankles (cm) (see Ta- 
ble 12-12) 

V = multiplier for the vertical distance of lowering (cm) (see Ta- 
ble 12-13) 

F = multiplier for the frequency of lowering (timedminute) (see 
Table 12-14) 

AG = multiplier for age group (see Table 12-6) 
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Distance Male Female Male Female 
in. (cm) V >29.5 in. (75 cm) 

15.4 (39) 0.785 0.642 0.753 0.810 
16.1 (41) 0.760 0.620 0.739 0.799 
16.9 (43) 0.738 0.609 0.736 0.796 
17.7 (45) 0.71 9 0.606 0.740 0.800 
18.5 (47) 0.701 0.605 0.748 0.806 
19.3 (49) 0.682 0.604 0.754 0.81 1 
20.1 (51) 0.662 0.597 0.755 0.81 2 
20.9 (53) 0.639 0.581 0.746 0.804 
21.7 (55) 0.61 1 0.555 0.71 7 0.775 
22.4 (57) 0.577 0.523 0.665 0.718 
23.2 (59) 0.539 0.484 0.595 0.638 
24.0 (61) 0.497 0.439 0.510 0.541 
24.8 (63) 0.453 0.387 0.414 0.433 

V <29.5 in. (75 cm) 
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BW= multiplier for body weight (see Table 12-7) 
TD = multiplier for task duration (hours) (see Table 12-8) 
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Table 12-1 3. Vertical distance multiplier for lowering 

Distance Male Female Male Female 
in. (cm) V > 29.5 in. (75 cm) 

9.8 (25) 1 .ooo 1 .ooo 1 .ooo 1 .ooo 
13.8 (35) 0.945 0.985 0.939 0.942 

V < 29.5 in. (75 cm) 

17.7 i45j 0.904 0.961 0.885 0.895 
21.7 (55) 0.887 0.925 0.839 0.865 
25.6 (65) 0.877 0.873 0.799 0.840 
29.5 (75) 0.866 0.827 0.773 0.81 5 
33.5 (85) 0.855 0.801 0.760 0.789 
37.4 (95) 0.844 0.779 0.749 0.763 , _  . . , ., _ _  
41.3 (105) 0.830 0.748 0.737 0.737 
45.3 (1 15) 0.807 0.71 3 0.726 0.71 2 
49.2 (125) 0.777 0.675 0.714 0.688 
53.1 (135) 0.745 0.638 0.703 0.663 
57.1 (145) 0.71 5 0.604 0.692 0.638 
61.0 (155) 0.691 0.574 0.678 0.609 
65.0 (165) 0.669 0.549 0.656 0.560 
68.9 (1 75) 0.649 0.529 0.629 0.500 

Table 12-1 4. Frequency multiplier for lowering 

Frequency Male Female Male Female 
Times/min V <29.5 in. (75 cm) V >29.5 in. (75 cm) 

0.2 1 .ooo 1 .ooo 1 .ooo 1 .ooo 
0.5 0.925 0.947 0.972 0.889 
1 .o 0.825 0.842 0.833 0.778 
2.0 0.738 0.789 0.800 0.748 
3.0 0.686 0.762 0.784 0.730 
4.0 0.657 0.743 0.762 0.723 
5.0 0.634 0.720 0.716 0.724 
6.0 0.61 2 0.696 0.665 0.727 
7.0 0.596 0.680 0.631 0.718 
8.0 0.582 0.670 0.606 0.698 
9.0 0.568 0.66 1 0.583 0.676 

10.0 0.555 0.652 0.562 0.652 
11 .o 0.541 0.643 0.544 0.630 
12.0 0.525 0.632 0.528 0.61 1 
13.0 0.508 0.61 9 0.51 2 0.596 
14.0 0.490 0.606 0.497 0.581 
15.0 0.470 0.593 0.484 0.567 
16.0 0.450 0.579 0.472 0.556 
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Pushing 
For pushing and pulling, two different forces are included in each 

activity. The initial force is the force required to place an object in 
motion and is a function of the subject’s acceleration. The sustained 
force is the force required to keep an object in motion. The struc- 
ture of the pushing model (Shoaf et al. 1997) is: 

PC = F,x V x  T x F x AG x B W x  T D  

where: 

PC = pushing capacity (kg) 
FB = maximum force acceptable to a specified percentage of the 

V = multiplier for the vertical distance from floor to hands (cm) 

T = multiplier for the traveled distance (m) (see Table 12-17) 
F = multiplier for the frequency of push (timedminute) (see Ta- 

worker population (kg) (see Table 12-15) 

(see Table 12-16) 

ble 12-18) 
AG = multiplier for age group (see Table 12-6) 

Table 12-1 5. Base forces for pushing 
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Male Female Male Female 
Population Initial Sustained 

% Ib (kg) Ib (kg) 
5 146.6 (66.5) 87.3 (39.6) 97.4 (44.2) 69.4 (31.5) 

10 137.1 (62.2) 82.2 (37.3) 91.5 (41.5) 64.8 (29.4) 
15 131.2 (59.5) 79.1 (35.9) 87.5 (39.7) 61.7 (28.0) 
20 127.4 (57.8) 76.0 (34.5) 84.2 (38.2) 59.3 (26.9) 
25 122.8 (55.7) 74.7 (33.9) 81.6 (37.0) 57.1 (25.9) 
30 118.8 (53.9) 72.8 (33.0) 79.1 (35.9) 55.1 (25.0) 
35 115.0 (52.2) 71 .O (32.2) 76.9 (34.9) 53.4 (24.2) 
40 112.0 (50.8) 69.2 (31.4) 74.7 (33.9) 51.8 (23.5) 
45 108.7 (49.3) 67.5 (30.6) 72.5 (32.9) 50.0 (22.7) 
50 105.8 (48.0) 66.1 (30.0) 70.5 (32.0) 48.5 (22.0) 
55 102.5 (46.5) 64.8 (29.4) 68.6 (31.1) 47.0 (21.3) 
60 101.0 (45.8) 63.0 (28.6) 66.4 (30.1) 45.2 (20.5) 
65 96.8 (43.9) 61.5 (27.9) 64.2 (29.1) 43.7 (19.8) 
70 93.0 (42.2) 59.5 (27.0) 61.9 (28.1) 41.9 (19.0) 
75 89.0 (40.4) 58.0 (26.3) 59.5 (27.0) 39.9 (18.1) 
80 85.5 (38.8) 56.7 (25.7) 56.9 (25.8) 37.7 (17.1) 
85 80.0 (36.3) 53.4 (24.2) 53.6 (24.3) 35.3 (16.0) 
90 75.0 (34.0) 50.7 (23.0) 49.6 (22.5) 32.2 (14.6) 
95 65.9 (29.9) 45.9 (20.8) 43.7 (19.8) 27.6 (12.5) 
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Height 
in. (cm) 

Table 12-1 6. Vertical height multiplier for pushing 

Male Female Male Female 
I nitia I Sustained 

35.4 (90) 
37.4 (95) 
39.4 (100) 
41.3 (105) 

0.988 0.971 0.989 0.983 
0.996 0.984 0.995 0.992 
1 .ooo 0.993 0.999 0.998 
0.999 0.998 1 .ooo 1 .ooo 

45.3 (1 15) 
47.2 (120) 
49.2 (1 25) 
51.2 (130) 

0.982 0.998 0.996 0.994 
0.966 0.992 0.990 0.985 
0.945 0.982 0.983 0.973 
0.920 0.969 0.972 0.958 

53.1 (135) 

Table 12-1 7. Travel distance multiplier for pushing 

0.889 I 0.952 I 0.960 I 0.939 
55.1 (140) 0.854 I 0.931 0.945 I 0.91 7 

Distance 
ft (m) 

65.6 (20) 
82.0 (25) 
98.4 (30) 

Male Female Male Female 
Initial Sustained 

0.732 0.741 0.597 0.637 
0.6667 0.71 9 0.552 0.583 
0.614 0.710 0.51 1 0.537 

Frequency 
Times/mi n 

197 

Male Female Male Female 
Initial Sustained 

0.01 6 
0.030 
0.1 00 
0.200 

0.901 0.956 0.894 0.877 
0.854 0.933 0.844 0.81 8 
0.843 0.91 9 0.830 0.795 
0.833 0.900 0.81 3 0.773 

0.500 
1 .ooo 
4.000 
6.000 

0.81 3 0.800 0.719 0.727 
0.792 0.767 0.688 0.682 
0.542 0.667 0.438 0.545 
0.557 0.600 0.203 0.455 
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15 
20 
25 
30 
35 
40 
45 

BW = multiplier for body weight (see Table 12-7) 
TD = multiplier for task duration (hours) (see Table 12-8) 

fulling 
The structure of the pulling model (Shoaf et al. 1997) is: 

PLC=F,x V x  T x F x A G  x B W x  TD 

where: 

’ 125.9 i57.i j  ’ 76.7 i34.8j ’ 88.0 i39.9j ’ 60.6 i27.5j 
123.0 (55.8) 74.7 (33.9) 84.7 (38.4) 58.4 (26.5) 
119.0 (54.0) 72.1 (32.7) 81.8 (37.1) 56.4 (25.6) 
115.3 (52.3) 70.5 (32.0) 79.4 (36.0) 54.7 (24.8) 
113.8 (51.6) 69.0 (31.3) 76.9 (34.9) 52.9 (24.0) 
110.9 (50.3) 67.2 (30.5) 74.7 (33.9) 51.4 (23.3) 
108.5 (49.2) 65.7 (29.8) 72.8 (33.0) 50.0 (22.7) 

PLC = pulling capacity (kg) 
FB = maximum force acceptable to a specified percentage of the 

V = multiplier for the vertical distance from floor to hands (cm) 

T = multiplier for the traveled distance (m) (see Table 12-21) 
F = multiplier for the frequency of pull (timedminute) (see Ta- 

AG = multiplier for age group (see Table 12-6) 

worker population (kg) (see Table 12-19) 

(see Table 12-20) 

ble 12-22) 

50 
55 
60 
65 
70 
75 
80 

Table 12-1 9. Base forces for pulling 

105.8 (48.0) 64.2 (29.1) 70.5 (32.0) 48.5 (22.0) 
103.4 (46.9) 62.6 (28.4) 68.3 (31.0) 47.0 (21.3) 
101.4 (46.0) 59.3 (26.9) 66.1 (30.0) 45.6 (20.7) 
98.8 (44.8) 57.3 (26.0) 64.2 (29.1) 44.1 (20.0) 
95.9 (43.5) 57.5 (26.1) 61.7 (28.0) 42.3 (19.2) 
93.0 (42.2) 56.2 (25.5) 59.3 (26.9) 40.6 (18.4) 
89.7 (40.7) 53.6 (24.3) 56.4 (25.6) 38.6 (17.5) 

Female 
Sustained I Male Ib (kg) 

Male Female 
Po pu I a t ion Initial I % I  Ib (kg) 

85 
90 
95 

I I 

5 I 137.8 (62.5) I 83.8 (38.0) I 98.1 (44.5) I 67.7 (30.7) 
10 I 131.0 (59.4) I 79.6 (36.1) I 91.9 (41.7) I 63.5 (28.8) 

85.8 (38.9) 52.2 (23.7) 53.1 (24.1) 36.4 (16.5) 
81.1 (36.8) 48.5 (22.0) 49.2 (22.3) 33.5 (15.2) 
74.7 (33.9) 44.3 (20.1) 43.0 (19.5) 29.3 (13.3) 
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Table 12-20. Vertical height multiplier for pulling 

Table 12-21. Travel distance multiplier for pulling 

I 

BW = multiplier for body weight (see Table 12-7) 
TD = multiplier for task duration (hours) (see Table 12-8) 
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Height Male Female Male Female 
in. (cm) Initial Sustained 

23.6 (60) 1 .ooo 
25.6 (65) 0.983 
27.6 (70) 0.966 
29.5 (75) 0.947 
31.5 isoj 0.928 
33.5 (85) 0.908 
35.4 (901 0.887 
37.4 i95j 0.865 
39.4 (100) 0.842 
41.3 (105) 0.81 8 
43.3 (1 10) 0.794 
45.3 (1 15) 0.768 
47.2 (120) 0.742 
49.2 (125) 0.71 5 
51.2 (130) 0.687 
53.1 (135) 0.658 
55.1 (140) 0.628 

1 .ooo 1 .ooo 1 .ooo 
0.993 0.993 0.995 
0.987 0.984 0.990 

~ 

0.981 0.974 0.985 
0.975 0.962 0.979 
0.969 0.949 0.973 . . ~. 

0.964 
0.958 
0.953 
0.949 
0.944 
0.940 
0.936 
0.932 
0.929 
0.926 
0.922 

Distance Male Female Male Female 
ft (m) I nitia I Sustained 

3.3 (1) 1 .ooo 1 .ooo 1 .ooo 1 .ooo 
16.4 (5) 0.930 0.950 0.83 1 0.972 
32.8 (10) 0.878 0.856 0.743 0.877 
49.2 (15) 0.845 0.752 0.697 0.750 
65.6 (20) 0.785 0.739 0.631 0.696 
82.0 (25) 0.71 7 0.726 0.562 0.655 
98.4 (30) 0.657 0.713 0.514 0.625 

114.8 (35) 0.61 4 0.700 0.490 0.604 
131.2 (40) 0.577 0.687 0.466 0.587 
147.6 (45) 0.547 0.674 0.442 0.565 
164.0 (50) 0.524 0.657 0.41 8 0.532 
180.4 (55) 0.505 0.631 0.394 0.492 
196.9 (60) 0.491 0.600 0.370 0.446 
213.3 (65) 0.485 0.568 0.347 0.393 



Ergonomics in Manufacturing 

Frequency 
Ti mes/m i n 

0.002 
0.01 6 

Table 12-22. Frequency multiplier for pulling 

Male Female Male Female 
Initial Sustained 

0.898 I 0.958 0.909 I 0.864 
1.000 I 1 .ooo 1.000 I 1 .ooo 

0.030 
0.1 00 
0.200 
0.500 
1 .ooo 
4.000 
6.000 

0.851 0.938 0.865 0.800 
0.842 0.924 0.852 0.783 
0.830 0.906 0.838 0.760 
0.787 0.81 3 0.730 0.680 
0.766 0.781 0.703 0.640 
0.700 0.738 0.598 0.620 
0.663 0.696 0.539 0.568 

Carrying 
The structure of the carrying model (Shoaf et al. 1997) is: 

CC = W, x V x T x F x AG x BW x TD 

where: 

CC = carrying capacity (kg) 
W, = maximum weight acceptable to a specified percentage of the 

worker population (kg) (see Table 12-23) 
V = multiplier for the vertical distance from floor to hands (cm) 

(see Table 12-24) 
T = multiplier for the traveled distance (m) (see Table 12-25) 
F = multiplier for the frequency of carry (timedminute) (see Ta- 

ble 12-26) 
AG = multiplier for age group (see Table 12-6) 
BW= multiplier for body weight (see Table 12-7) 
T D  = multiplier for task duration (hours) (see Table 12-8) 

EXAMPLES 

E X A M P L E  7 
What is the maximum amount of weight an average (50th per- 

centile) female worker, age 30, weighing 120 lb (54 kg) could carry 
at a height of 31.5 in. (80 cm) for 32.8 ft  (10 m), two times per hour 
for one hour twice per day? 

Look up the multipliers required for the carrying capacity equa- 
tion found in the carrying model. Using Table 12-23, Base weights 
for carrying, for a 50th percentile worker, W, = 35.9 lb (16.3 kg); 
using Table 12-24, Vertical height multiplier for carrying, for a ver- 
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Table 12-23. Base weights Table 12-25. Travel distance 
for carrying multiplier for carrying 

= 0.978; using Table 12-25, Trav- 
el distance multiplier for carry- 
ing, for a traveled distance of 
32.8 ft  (10 m), T = 0.878; using 
Table 12-26, Frequency multipli- 
er for carrying, for a frequency 
of two times per hour (.033 times 
per minute) F = 0.769; using Ta- 
ble 12-6, Age multiplier, for a 30- 

I Distanceft (m) I Male I Female I 

19.7 

Table 12-26. Frequency multiplier 
for carrying 

Frequency 
Times/min Male Female 

0.002 1 .ooo 1 .ooo 
0.01 6 0.904 0.842 
0.030 0.854 0.769 
0.1 00 0.796 0.768 
0.200 0.750 0.769 
0.500 0.688 0.73 1 
1 .ooo 0.667 0.73 1 
4.000 I 0.521 I 0.577 
6.000 I 0.417 I 0.300 

tical height of 31.5 in. (80 cm), V 

' 
year-old female worker, AG = 
0.90; using Table 12-7, Body 

weight multiplier, for a 120-lb (54.5-kg) female worker, BW = 1.00; 
and using Table 12-8, Task duration multiplier, for a task duration 
of one hour, TD = 1.00. 

Therefore, carrying capacity (CC) is: 

CC = W, x V x T x F x AG x BW x TD 
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Population Male Female 
% Ib (kg) 

5 81.1 (36.8) 47.2 (21.4) 
10 78.0 (35.4) 45.9 (20.8) 
15 73.9 (33.5) 44.5 (20.2) 
20 71.9 132.6) 43.4 119.7) 
25 68.6 i31.lj 42.1 i19.li 
30 65.5 i29.7j 40.8 ii8.5j 
35 62.4 (28.3) 39.7 (18.0) 
40 59.3 126.9) 38.4 117.4) 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 , -  

95 

1 ,  

56.2 (25.5) 37.0 il6.8j 
52.9 (24.0) 35.9 (16.3) 
49.8 (22.6) 34.6 (15.7) 
46.7 (21.2) 33.3 (15.1) 
43.7 (19.8) 32.2 (14.6) 

Table 12-24. Vertical height 
multiplier for carrying 

29.5 (75) '.Oo0 '.Oo0 31.5 (80) 0'976 0'978 33.5 (85) 0.953 0.957 
o.929 o.935 35.4 (90) 

37.4 (95) 0.905 0.913 
39.4 (100) 0.882 0.892 
41.3 (105) 0.858 0.870 
43.3 (1 10) 0.834 0.848 

Height in. (cm) Male Female 
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CC =16.3 kg x 0.978 x 0.878 x 0.769 x 0.90 x 1.00 x 1.00 
CC =9.7 kg 

The above specified worker could be expected to carry 21 lb (9.7 
kg) for the described task. 

EXAMPLE 2 
A worker is required to lift 51-lb (23-kg) bags of an asphalt mix- 

ture. It is July and very hot. The worker is male, 25 years old, weighs 
198.4 lb (90 kg) and is in excellent physical condition (5th percen- 
tile). Horizontal distance for this task is equal to 19.7 in. (50 cm); 
vertical travel distance = 35.4 in. (90 cm), and vertical distance = 
29.5 in. (75 cm). M s t i n g  angle is 10". Is it reasonable to expect this 
worker to be able to perform this task 10 times per hour for a two- 
hour time period? 

Look up the multipliers required for the lifting capacity equa- 
tion found in the lifting model. Using Table 12-1, Base weights for 
lifting and lowering, for a 5th percentile worker, W, = 39.1 kg; us- 
ing Table 12-2, Horizontal distance multiplier for lifting, for a dis- 
tance of 19.7 in. (50 cm), H = 0.68; using Table 12-3, Vertical travel 
distance multiplier for lifting, for a distance of 35.4 in. (90 cm), V = 
0.76; using Table 12-4, Vertical distance multiplier for lifting, for a 
distance of 29.5 in. (75 cm), D = 1.00; using Table 12-5, Frequency 
multiplier for lifting, for a frequency of 10 times per hour (0.17 
times per minute), F = 1.00; referring back to Table 12-6, Age mul- 
tiplier, for a 25 year old male worker, AG = 0.91; referring back to 
Table 12-7, Body weight multiplier, for a 198.4-1b (90-kg) male work- 
er, BW = 1.45; referring back to Table 12-8, Task duration multipli- 
er, for a task duration of two hours, T D  = 0.77; using Table 12-9, 
M s t i n g  multiplier for lifting, for an angle of lo", T = 0.98; using 
Table 12-10, Coupling multiplier for lifting, for a limited hold, C = 
0.925; and using Table 12-11, Heat stress multiplier for lifting, for a 
hot July day assume 95" F (35" C) H S  = 0.81. 

Therefore, lifting capacity (LC) is: 

LC =W, X H X V X  D X F X A G  X BWx T D  X T X C X H S  

LC =39.1 kg X 0.68 X 0.76 X 1.00 X 1.00 X 0.91 X 1.45 X 0.77 

LC = 15 kg 
X 0.98 X 0.925 X 0.81 

Therefore, because the predicted lifting capacity is 33 lb (15 kg) for 
the described task, it is not reasonable for this worker to lift 51 lb (23 
kg). The task should be redesigned to meet the worker's capacity. 
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REDUCING EXPOSURE TO MANUAL 
MATERIAL HANDLING HAZARDS 

The most effective means of protecting workers from manual 
material handling injury is to redesign job tasks as well as the work 
environment so that exposure to manual handling hazards is min- 
imized. Worker education can then be utilized to maintain a less 
hazardous environment. Figure 12-1 provides a summary of rec- 
ommended methods (Grandjean 1988; NIOSH 1994) for reducing 
the exposure to manual material handling hazards. 

As manual material handling activities are a major source of 
overexertion injuries in the United States (NIOSH 198l), the min- 
imization and prevention of these injuries represent a significant 
challenge for practitioners of occupational safety and health. 

Task redesign Avoid twisting or rotating movements 
Use gravity to move load when possible 
Use mechanical aids, such as handles, trolleys, 
hoists, or slides 
Reduce load weight to lowest possible level 
Handle load close to body, between knuckle and 
shoulder height 

Work environment Provide frequent activity breaks 
Consider iob rotation 

Worker education Train workers to identify and report hazards 
Train workers in proper handling technique 

Figure 12- 1 Summary of methods to reduce exposure to manual material handling 
hazards. 
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THE BODY OF WORK 
Historically, the National Institute for Occupational Safety and 

Health (NIOSH) has recognized and addressed the problem of work- 
related back injuries and published the Work Practices Guide for 
Manual Lifting (WPG) in 1981 (NIOSH 1981). The WPG contains a 
summary of the lifting-related literature up to 1981, analytical pro- 
cedures, a lifting equation for calculating a recommended weight 
for specified two-handed, symmetrical lifting tasks, and an ap- 
proach for controlling the hazards of low-back injury from manual 
lifting. The approach to hazard control was coupled with the ac- 
tion limit (AL), a term that denoted the recommended weight de- 
rived from the lifting equation. 

In 1985, NIOSH convened an ad hoc committee of experts who 
reviewed the current literature on lifting, including the NIOSH 
WPG. The literature review was summarized in a document con- 
taining updated information on the physiological, biomechanical, 
psychophysical, and epidemiological aspects of manual lifting 
(NIOSH 1991). Based on the results of the literature review, the ad 
hoc committee recommended criteria for defining the lifting ca- 
pacity of healthy workers. The committee used the criteria to for- 
mulate the revised lifting equation (Waters et  al. 1994). 
Subsequently, NIOSH staff developed documentation for the equa- 



Ergonomics in Manufacturing 

tion and played a prominent role in recommending methods for 
interpreting the results of the lifting equation. The revised lifting 
equation reflects new findings and provides methods for evaluat- 
ing asymmetrical lifting tasks and lifts of objects with less than 
optimal couplings between the object and the worker’s hands. The 
revised lifting equation also provides guidelines for a more diverse 
range of lifting tasks than the earlier equation (NIOSH 1981). 

The rationale and criteria for developing the revised NIOSH lift- 
ing equation are provided in a journal article by Waters et al. (1993). 
The article provides a better understanding of the data and deci- 
sions made in formulating the revised equation. It offers an expla- 
nation on selecting the biomechanical, physiological, and 
psychophysical criteria, and describes the derivation of each com- 
ponent of the revised lifting equation. However, for those individ- 
uals primarily concerned with applying the revised lifting equation, 
this chapter provides a more complete description of the method 
and limitations. 

Although the revised lifting equation has not been fully validat- 
ed, the recommended weight limits derived from the revised equa- 
tion are consistent with, or lower than, those generally reported in 
the literature. Moreover, the proper application of the revised equa- 
tion is more likely to protect healthy workers for a wider variety of 
lifting tasks than methods that rely solely on a single task factor or 
criterion. 

Finally, it should be stressed that the NIOSH lifting equation is 
only one tool in a comprehensive effort to prevent work-related 
low-back pain and disability. Examples of other approaches are 
described elsewhere (ASPH/NIOSH 1986). Moreover, lifting is only 
one cause of work-related low-back pain and disability. Other causes 
that have been hypothesized or established as risk factors include 
whole body vibration, static postures, prolonged sitting, and direct 
trauma to the back. Psychosocial factors, appropriate medical treat- 
ment, and job demands also may be particularly important in in- 
fluencing the transition of acute low-back pain to chronic disabling 
pain (see Chapter 12, “Manual Materials Handling”). 
RECOMMENDED WEIGHT LIMIT (RWL) 

The principal product of the revised NIOSH lifting equation is 
the recommended weight limit (RWL). The RWL is defined for a 
specific set of task conditions as the weight of the load that nearly 
all healthy workers could perform over a substantial period of time 
(up to eight hours) without an increased risk of developing lifting- 
related low-back pain (LBP). “Healthy workers” are those who are 

206 



Assessment of Manual Lifting-The NIOSH Approach 

13 

free of adverse health conditions that would increase their risk of 
musculoskeletal injury. 

The concept behind the revised NIOSH lifting equation is to 
start with a recommended weight that is considered safe for an 
“ideal” lift (load constant equal to 51 lb [23 kg]) and then reduce 
the weight as the task becomes more stressful (the task-related 
factors become less favorable). The precise formulation of the re- 
vised lifting equation for calculating the RWL is based on a multi- 
plicative model that provides a weighting (multiplier) for each of 
six task variables: 

1. Horizontal distance of the load from the worker (H> (Table 13-1). 
2. Vertical height of the lift (v> (Table 13-2). 
3. Vertical displacement during the lift ( D )  (Table 13-3). 
4. Angle of asymmetry (A) (Table 13-4). 
5. Frequency ( F )  and duration of lifting (Table 13-5). 
6. Quality of the hand-to-object coupling (C) (Tables 13-6 and 13-7). 

0.77 32 0.78 

Table 13-1. Horizontal multiplier 

14 

Horizontal Horizontal Horizontal Horizontal 
distance multiplier distance multiplier 

0.89 
0.83 12 0.83 30 

0.71 34 0.74 

22 
23 
24 
25 

>25 

0.46 50 0.50 
0.44 52 0.48 
0.42 54 0.46 
0.40 56 0.45 
0.00 58 0.43 

60 0.42 
63 0.40 

>63 0.00 
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Table 13-2. Vertical multiplier 
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Vertical Vertical Vertical Vertical 
distance multiplier distance multiplier 

in. cm 

0 0.78 0 0.78 
5 0.81 10 0.81 

10 0.85 20 0.84 
15 0.89 30 0.87 
20 0.93 40 0.90 
25 0.96 50 0.93 
30 1 .oo 60 0.96 
35 0.96 70 0.99 
40 0.93 80 0.99 
45 0.89 90 0.96 
50 0.85 100 0.93 
55 0.81 110 0.90 
60 0.78 120 0.87 
65 0.74 130 0.84 
70 0.70 140 0.81 

> 70 0.00 150 0.78 
160 0.75 
170 0.72 
175 0.70 

>175 0.00 

Table 13-3. Distance multiplier 

Distance Distance Distance Distance 
in. multiplier cm multiplier 

510 1 .oo 525 1 .oo 
15 0.94 40 0.93 
20 0.91 55 0.90 
25 0.89 70 0.88 
30 0.88 85 0.87 
35 0.87 100 0.87 
40 0.87 115 0.86 
45 0.86 130 0.86 
50 0.86 145 0.85 
55 0.85 160 0.85 
60 0.85 175 0.85 
70 0.85 >175 0.00 

> 70 0.00 
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Table 13-4. Asymmetric multiplier The weightings are ex- 
pressed as coefficients that 
serve to decrease the load con- 
stant, which represents the 
maximum recommended load 
weight to be lifted under ideal 
conditions. For example, as the 
horizontal distance between the 
load and the worker increases 
from 10 in. (25 cm), the recom- 
mended weight limit for that 
task would be reduced from the 
ideal starting weight. 

Table 13-5. Frequency multiplier (FM) 

209 

Angle of Asymmetric 

0 1 .ooo 
15 0.95 

300.90 
45 0.86 

600.81 
75 0.76 
90 0.71 

105 0.66 
120 0.62 
135 0.57 

>135 0.00 

asymmetry A (") multiplier 

Work dumtion 

Frequency (F)* 5 1  hr >1 but 5 2  hr >2 but 5 8  hr 
lifts/min V** < 30' V 2 30 V < 30 ' V 2 30 V < 30 V 2 30 
50.2 1.00 1.00 0.95 0.95 0.85 0.85 

0.5 0.97 0.97 0.92 0.92 0.81 0.81 
1 .o 0.94 0.94 0.88 0.88 0.75 0.75 
2 .o 0.91 0.91 0.84 0.84 0.65 0.65 
3.0 0.88 0.88 0.79 0.79 0.55 0.55 
4.0 0.84 0.84 0.72 0.72 0.45 0.45 
5.0 0.80 0.80 0.60 0.60 0.35 0.35 
6.0 0.75 0.75 0.50 0.50 0.27 0.27 
7.0 0.70 0.70 0.42 0.42 0.22 0.22 
8.0 0.60 0.60 0.35 0.35 0.18 0.1 8 
9.0 0.52 0.52 0.30 0.30 0.00 0.1 5 

10.0 0.45 0.45 0.26 0.26 0.00 0.13 
11 .o 0.4 1 0.4 1 0.00 0.23 0.00 0.00 
12.0 0.37 0.37 0.00 0.21 0.00 0.00 
13.0 0.00 0.34 0.00 0.00 0.00 0.00 
14.0 0.00 0.31 0.00 0.00 0.00 0.00 
15.0 0.00 0.28 0.00 0.00 0.00 0.00 

>15.0 0.00 0.00 0.00 0.00 0.00 0.00 
* For lifting < once per 5 min, set F = 0.2 lifts/min 

** Values of V are in inches 
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Table 13-6. Hand-to-container coupling classification 

Good 
1. For containers of 

optimal design, such 
as some boxes, 
crates, etc., a "good" 
hand-to-obiect 
coupling would be 
defined as handles 
or handhold cutouts 
of optimal design 
(see notes 1 to 3 
below). 

2. For loose parts or 
irregular objects, 
which are not usually 
containerized, such 
as castings, stock, 
and supply materials, 
a "good" hand-to- 
object coupling 
would be defined as 
a comfortable grip in 
which the hand can 
be easily wrapped 
around the object 
(see note 6 below). 

Fair 

1. For containers of 
optimal design, a 
"fair " ha n d - to - o b i ect 
coupling would be 
defined as handles or 
handhold cutouts of 
less than optimal 
design (see notes 1 to 
4 below). 

2. For containers of 
optimal design with 
no handles or 
handhold cutouts 
or for loose parts or 
irregular obiects, a 
"fair " ha n d - to - o b i ect 
coupling is defined as 
a grip in which 
the hand can be 
flexed about 90" (see 
note 4 below). 

Poor 

1. Containers of less 
than optimal design 
or loose parts or 
irregular objects that 
are bulky, hard to 
handle, or have 
sharp edges (see 
note 5 below). 

2. Lifting nonrigid bags 
(i.e., bags that sag in 
the middle). 

An optimal handle design has 0.75 to 1.5 in. (1.9 to 3.8 cm) diameter, 2 

4.5 in. (1 1.4 cm) length, 2 in. (5 cm) clearance, cylindrical shape, and a 
smooth, nonslip surface. 
An optimal handhold cutout has these approximate characteristics: 2 1.5 
in. (3.8 cm) height, 4.5 in. (1 1.4 cm) length, semi-oval shape, 2 2 in. (5 
cm) clearance, smooth nonslip surface, and 2 0.25 in. (0.64 cm) container 
thickness (e.g., double thickness cardboard). 
An optimal container design has 5 16 in. (41 cm) frontal length, 5 12 in 
(30 cm) height, and a smooth nonslip surface. 
A worker should be capable of clamping the fingers at nearly 90" under 
the container, such as required when lifting a cardboard box from the 
floor. 
A container is considered less than optimal if it has a frontal length > 16 
in. (40 cm), height > 12 in. (30 cm), rough or slippery surfaces, sharp 
edges, asymmetric center of mass, unstable contents, or requires the use of 
gloves. 
A worker should be able to comfortably wrap the hand around the object 
without causing excessive wrist deviations or awkward postures, and the 
grip should not require excessive force. 
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Coupling 
trpe 

Good 
Fair 

Poor 

Table 13-7. Coupling multiplier 

Coupling multiplier 

(75 cm) (75 cm) 

1 .oo 1 .oo 
0.95 1 .oo 
0.90 0.90 where: 

V < 29.5 in. V 2 29.5 in. The RWL is defined as 

RWL = LC x H M  x VM x 
DM x AM x FM x CM 

U.S. Customary Metric 
LC = loadconstant = 511b 23 kg 
H M  = horizontal multiplier = (lO/H) (25/H) 
VM = vertical multiplier 
DM = distance multiplier = 0.82 + (1.8/0) 0.82 + (4.5/0) 
AM = asymmetric multiplier = 1 - (0.003%) 
FM = frequency multiplier = from Table 13-5 from Table 13-5 
CM = coupling multiplier = from Table 13-7 from Table 13-7 

The term task variables refers to the task-related measurements 
used as input data for the formula ( H ,  V, D ,  A, F ,  and C), whereas, 
the term multipliers refers to the reduction coefficients in the equa- 
tion (HM, VM, DM, AM, FM, and CM). 

MEASUREMENT REQUIREMENTS 
The following list briefly describes the measurements required 

to use the revised NIOSH lifting equation. Details for each vari- 
able are presented later in this chapter. 
H = Horizontal location of the hands from the midpoint between 

the inner ankle bones. Measure at the origin and destination 
of the lift (in. or cm). 

V = Vertical location of the hands from the floor. Measure at the 
origin and destination of the lift (in. or cm). 

D = Vertical travel distance between the origin and the destina- 
tion of the lift (in. or cm). 

A = Angle of asymmetry or angular displacement of the load from 
the worker's sagittal plane. Measure at the origin and desti- 
nation of the lift ("). 

F = Average frequency rate of lifting, measured in lifts per minute. 
Duration is defined to be less than 1 hour; 1-2 hours; or 2-8 
hours, assuming appropriate recovery allowances (see Table 

= 1 - (.0075 I V-30 I) 1 - (.003 I V-75 I )  

1 - (0.003%) 

13-5). 
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C = Quality of hand-to-object coupling (interface between the 
worker and the load lifted). The quality of the coupling is clas- 
sified as good, fair, or poor depending upon the type and loca- 
tion of the coupling, the physical characteristics of the load, 
and the vertical height of the lift. 

LIFTING INDEX (LI )  
The lifting index (LI) offers a relative estimate of the level of 

physical stress associated with a particular manual-lifting task. The 
estimate of the level of physical stress is defined by the relation- 
ship between the weight of the load lifted and the recommended 
weight limit. LI is defined by the equation 

L LI =- 
RWL 

where: 

LI = lifting index 
L = load weight of the object lifted (lb or kg) 

RWL = recommended weight limit 

MlSCEllAN EOUS TERMS 
Lifting task. The act of manually grasping an object of definable 

size and mass with two hands and vertically moving the object with- 
out mechanical assistance. 

Load weight (L) .  Weight of the object to be lifted, in pounds or 
kilograms, including the container. 

Horizontal location (H). Distance of the hands away from the 
midpoint between the ankles, in inches or centimeters (measure 
at the origin and destination of lift, see Figure 13-1). 

Vertical location (V). Distance of the hands above the floor, in 
inches or centimeters (measure at the origin and destination of 
lift, see Figure 13-1). 

Vertical travel distance (0). Absolute value of the difference be- 
tween the vertical heights at the destination and origin of the lift, 
in inches or centimeters. 

Angle of asymmetry (A). Angular measure of how far the object 
is displaced from the front (midsagittal plane) of the worker’s body 
at the beginning or end of the lift, in degrees (measure at the ori- 
gin and destination of lift, see Figure 13-2). The asymmetry angle 
is defined by the location of the load relative to the worker’s mid- 
sagittal plane, as defined by the neutral body posture, rather than 
the position of the feet or extent of body twist. 
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Vertical 

Midpoint / 4 
Point of projection between inner 

ankle bones Horizontal 
location 

Figure 73- 7 Graphic representation of hand location. 

Neutral body position. Position of the body where the hands are 
directly in front of it and there is minimal twisting of the legs, tor- 
so, or shoulders. 

Frequency of lifting (F).  Average number of lifts per minute over 
a 15-minute period. 

213 



Ergonomics in Manufacturing 

Frontal 
plane 

I” 

Point of / 
projection P 

I 

Sagittal 
plane 

> 

Wm metry Asymmetric 
line angle 

Top view 
Sagittal I Midrtoint 

between inner 

projection 

Frontal 

Sagittal 
line 

Figure 73-2 Graphic representation of angle of asymmetry (A). 

Duration of lifting. Three-tiered classification of lifting duration 
specified by the distribution of work time and recovery time (work 
pattern). Duration is classified as either short (1 hour), moderate 
(1-2 hours), or long (2-8 hours), depending on the work pattern. 

Coupling classification. Classification of the quality of the hand- 
to-object coupling (handle, cut-out, or grip). Coupling quality is 
classified as good, fair, or poor. 
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Significant control. A condition requiring precision placement 
of the load at the destination of the lift. This is usually the case 
when the worker has to re-grasp the load near the destination of 
the lift, the worker has to momentarily hold the object at the desti- 
nation, or when the worker has to carefully position or guide the 
load at the destination. 

EQUATION 1 IMITATIONS 
The lifting equation is a tool for assessing the physical stress of 

two-handed manual lifting tasks. As with any tool, its application 
is limited to those conditions for which it was designed. The lifting 
equation was designed to meet specific lifting-related criteria that 
encompass biomechanical, physiological, and psychophysical as- 
sumptions and data used to develop the equation. To the extent that 
a given lifting task accurately reflects these underlying conditions 
and criteria, this lifting equation may be appropriately applied. 

The following list identifies a set of work conditions where the 
application of the lifting equation could either underestimate or 
overestimate the extent of physical stress associated with a partic- 
ular work-related activity. Each of the following task limitations 
also highlights topics in need of further research to extend the ap- 
plication of the lifting equation to a greater range of real-world 
lifting tasks. 

The revised NIOSH lifting equation does not apply if the opera- 
tor performs lifting or lowering: 

With one hand; 
For over 8 hours; 
While seated or kneeling; 
In a restricted work space; 
Of objects considered unstable; 
While carrying, pushing, or pulling; 
With wheelbarrows or shovels; 
With high-speed motion (faster than 30 in./second [76 cm/ 
second]); 
With unreasonable foot/floor coupling (< 0.4 coefficient of fric- 
tion between the sole and the floor); or 
In an unfavorable environment (temperature significantly 
outside the 66-79' F [19-26' C] range; relative humidity out- 
side the 35-50% range). 
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HORIZONTAL COMPONENT 

Definition and Measurement 
Horizontal location ( H )  is measured from the midpoint of the 

line joining the inner ankle bones to a point projected on the floor 
directly below the midpoint of the hand grasps (load center), as 
defined by the large middle knuckle of the hand (Figure 13-1). Typ- 
ically, the worker’s feet are not aligned with the midsagittal plane, 
as shown in Figure 13-1, but may be rotated inward or outward. If 
this is the case, then the midsagittal plane is defined by the work- 
er’s neutral body posture as defined above. If significant control is 
required at the destination (precision placement), then H should 
be measured at both the origin and destination of the lift. 

Horizontal distance (H)  should be measured. In those situations 
where the H value cannot be measured, then H may be approxi- 
mated from the following equations: 

US .  Customary (all distances in inches) 

H = 8 + W/2 for V 2 10 in. 
H = 10 + W/2 for V < 10 in. 

Metric (all distances in centimeters) 
H = 20 + W/2 for V r  25 cm 
H = 25 + W/2 for V <  25 cm 

where: 

H = horizontal distance 
W = width of the container in the sagittal plane 
V = vertical location of the hands from the floor 

Horizontal Restrictions 
If the horizontal distance is less than 10 in. (25 cm), then H is set 

to 10 in. (25 cm). Although objects can be carried or held closer 
than 10 in. (25 cm) from the ankles, most objects that are closer 
cannot be lifted without encountering interference from the abdo- 
men or hyperextending the shoulders. Although 25 in. (64 cm) was 
chosen as the maximum value for H ,  it is probably too great a dis- 
tance for shorter workers, particularly when lifting asymmetrical- 
ly. firthermore, objects at a distance of more than 25 in. (64 cm) 
from the ankles normally cannot be lifted vertically without some 
loss of balance. 
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Horizontal Multiplier 
The horizontal multiplier (HM) is 1O/H for H measured in inches 

and 25/H for H measured in centimeters. If H is less than or equal 
to 10 in. (25 cm), the multiplier is 1.0. H M  decreases with an in- 
crease in H value. The multiplier for H is reduced to 0.4 when H is 
25 in. (64 cm). If H is greater than 25 in. (64 cm), then HM = 0. The 
HM value can be computed directly or determined from Table 13-1. 

VERTICAL COMPONENT 

Definition and Measurement 
Vertical location (V) is defined as the vertical height of the hands 

above the floor. V is measured vertically from the floor to the mid- 
point between the hand grasps, as defined by the large middle 
knuckle. The coordinate system was illustrated in Figure 13-1. 

Vertical Restrictions 
Vertical location (V) is limited by the floor surface and upper 

limit of vertical reach for lifting (70 in. [178 cm]). The vertical loca- 
tion should be measured at the origin and destination of the lift. 

Vertical Multiplier 
To determine the vertical multiplier (VM), the absolute value or 

deviation of V from an optimum height of 30 in. (76 cm) is calculat- 
ed. A height of 30 in. (76 cm) above floor level is considered “knuckle 
height” for a worker of average height (66 in. [168 cm]). The verti- 
cal multiplier (VM) is (1 - (0.0075 I V-30 I)) for Vmeasured in inches, 
and VM is (1 - (0.003 I V - 75 I ) ) ,  for V measured in centimeters. 

When V is at 30 in. (76 cm), the vertical multiplier (VM) is 1.0. 
The value of VM decreases linearly with an increase or decrease in 
height from this position. At floor level, VM = 0.78, and at 70 in. 
(178 cm) height, VM = 0.7. If Vis greater than 70 in. (178 cm), then 
VM = 0. The VM value can be computed directly or determined 
from Table 13-2. 

DISTANCE COMPONENT 

Definition and Measurement 
The distance variable ( D )  is defined as the vertical travel dis- 

tance of the hands between the origin and destination of the lift. 
For lifting, D can be computed by subtracting the vertical location 
(V) at the origin of the lift from the corresponding Vat the destina- 
tion of the lift (D  is equal to V at the destination minus V at the 
origin). For a lowering task, D is equal to Vat the origin minus Vat 
the destination. 
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Distance Restrictions 
The distance variable ( D )  is assumed to be at least 10 in. (25 cm) 

and no greater than 70 in. (178 cm). If the vertical travel distance is 
less than 10 in. (25 cm), then D should be set to the minimum dis- 
tance of 10 in. (25 cm). 

Distance Multiplier 
The distance multiplier (OM)  is (0.82 + (1.8D)) for D measured 

in inches and (0.82 + (4.5D)) for D measured in centimeters. For D 
less than 10 in. (25 cm), D is assumed to be 10 in. (25 cm), and DM is 
1 .O. The distance multiplier, therefore, decreases gradually with 
an increase in travel distance. The DM = 1.0 when D is set at 10 in. 
(25 cm); DM = 0.85 when D is 70 in. (178 cm). Thus, DM ranges 
from 1.0-0.85 as the D varies from 0-70 in. (0-178 cm). The DMvalue 
can be computed directly or determined from Table 13-3. 

ASYMMETRY COM PONEN T 

Definition and Measurement 
Asymmetry refers to a lift that begins or ends outside the mid- 

sagittal plane (see Figure 13-2). In general, asymmetric lifting 
should be avoided. If it cannot be avoided, however, the recom- 
mended weight limits are significantly less than those used for 
symmetrical lifting.* 

An asymmetric lift may be required under the following task or 
workplace conditions: 

The origin and destination of the lift are oriented at an angle 
to each other; 
The lifting motion is across the body, such as in swinging bags 
or boxes from one location to another; 
The lifting is done to maintain body balance in obstructed 
workplaces, on rough terrain, or on littered floors; and 
Productivity standards require reduced time per lift. 

The asymmetric angle (A), depicted in Figure 13-2, is operation- 
ally defined as the angle between the asymmetry line and the mid- 

*It may not always be clear i f  asymmetry i s  an intrinsic element of the 
task or just  a personal characteristic of the worker’s l i f t ing  style. Regard- 
less of the reason for the asymmetry,  a n y  observed asymmetric l i f t ing  
should be considered an intrinsic element of the job design and should be 
considered in the assessment and subsequent redesign. Moreover, the de- 
sign of the task should not rely o n  worker compliance, but rather the de- 
sign should discourage or eliminate the need for asymmetric lifting. 
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sagittal line. The asymmetry line is defined as the line that joins 
the midpoint between the inner ankle bones and the point project- 
ed on the floor directly below the midpoint of the hand grasps, as 
defined by the large middle knuckle. The sagittal line is defined 
as the line passing through the midpoint between the inner ankle 
bones and lying in the midsagittal plane, as defined by the neutral 
body position (hands directly in front of the body, with no twisting 
at the legs, torso, or shoulders). Note: the asymmetry angle is not 
defined by foot position or the angle of torso twist, but by the loca- 
tion of the load relative to the worker's midsagittal plane. 

In many cases of asymmetric lifting, the worker will pivot or use 
a step turn to complete the lift. Because this may vary significant- 
ly between workers and between lifts, we have assumed that no 
pivoting or stepping occurs. Although this assumption may over- 
estimate the reduction in acceptable load weight, it will provide 
the greatest protection for the worker. 

The asymmetry angle (A) must always be measured at the ori- 
gin of the lift. If significant control is required at the destination, 
however, then angle A should be measured at both the origin and 
the destination of the lift. 

Asymmetry Restrictions 

to equal zero, which results in a RWL of zero, or no load. 

Asymmetric Multiplier 
The asymmetric multiplier (AM) is 1 - (0.0032A). AM has a max- 

imum value of 1.0 when the load is lifted directly in front of the 
body and decreases linearly as the angle of asymmetry (A) increas- 
es. The range is from a value of 0.57 at 135" of asymmetry to a value 
of 1.0 at 0" of asymmetry (symmetric lift). IfA is greater than 135", 
then AM = 0, and the RWL = 0.0. The AM value can be computed 
directly or determined from Table 13-4. 

FREQUENCY COMPONENT 

Definition and Measurement 
The frequency multiplier is defined by 1) number of lifts per 

minute (frequency), 2) amount of time engaged in the lifting activ- 
ity (duration), and 3) vertical height of the lift from the floor. Lift- 
ing frequency ( F )  refers to the average number of lifts made per 
minute, as measured over a 15-minute period. Because of the po- 
tential variation in work patterns, analysts may have difficulty 
obtaining an accurate or representative 15-minute work sample for 
computing F. If significant variation exists in the frequency of lift- 

Angle A is limited to a range of 0-135". If A > 135", then AM is set 
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ing over the course of the day, analysts should employ standard 
work sampling techniques to obtain a representative work sample 
for determining the number of lifts per minute. For those jobs where 
the frequency varies from session to session, each session should 
be analyzed separately, but the overall work pattern must still be 
considered. For more information, most standard industrial engi- 
neering or ergonomics texts provide guidance for establishing a 
representative job sampling strategy (Eastman Kodak 1986). 

Lifting Duration 
Lifting duration is classified into three categories based on the 

pattern of continuous work time and recovery time (light work) 
periods. A continuous work time (WT) period is defined as a period 
of uninterrupted work. Recovery time (RT) is defined as the dura- 
tion of light work activity following a period of continuous lifting. 
Examples of light work include activities such as sitting at a desk or 
table, monitoring operations, and light assembly work. The three 
categories are short duration, moderate duration, and long duration. 

Short duration. Short duration lifting tasks are those that have 
a work duration of one hour or less, followed by a recovery time 
equal to 1.2 times the work time (at least a 1.2 recovery-time to 
work-time ratio [RTIWT]). For example, to be classified as short- 
duration, a 45-minute lifting job must be followed by at least a 54- 
minute recovery period prior to initiating a subsequent lifting 
session. If the required recovery time is not met for a job of one 
hour or less and a subsequent lifting session is required, then the 
total lifting time must be combined to correctly determine the du- 
ration category. Moreover, if the recovery period does not meet the 
time requirement, it is disregarded for purposes of determining 
the appropriate duration category. 

As another example, assume a worker lifts continuously for 30 
minutes, then performs a light work task for 10 minutes, and then 
lifts for an additional 45-minute period. In this case, the recovery 
time between lifting sessions (10 minutes) is less than 1.2 times 
the initial 30-minute work time (36 minutes). Thus, the two work 
times (30 minutes and 45 minutes) must be added together to de- 
termine the duration. Since the total work time (75 minutes) ex- 
ceeds one hour, the job is classified as moderate duration. On the 
other hand, if the recovery period between lifting sessions was in- 
creased to 36 minutes, then the short duration category would ap- 
ply, resulting in a larger FM value. 

Moderate duration. Moderate duration lifting tasks are those 
that have a duration of more than 1 hour, but not more than 2 hours, 
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followed by a recovery period of at least 0.3 times the work time (at 
least a 0.3 recovery time to work time ratio [RTIWT]). 

For example, a worker who continuously lifts for 2 hours would 
need at least a 36-minute recovery period before initiating a subse- 
quent lifting session. If the recovery time requirement is not met 
and a subsequent lifting session is required, then the total work 
time must be added together. If the total work time exceeds 2 hours, 
then the job must be classified as a long duration lifting task. 

Long duration. Long duration lifting tasks are those that have a 
duration of between 2-8 hours, with standard industrial rest allow- 
ances (morning, lunch, and afternoon rest breaks). Note: no weight 
limits are provided for more than 8 hours of work. 

The difference in the required RTIWT ratio for the short (<1 
hour) duration category, which is 1.2, and the moderate (1-2-hour) 
duration category, which is 0.3, is due to the difference in the mag- 
nitudes of the frequency multiplier values associated with each of 
the duration categories. Since the moderate category provides a 
larger reduction in the RWL than the short category, there is less 
need for a recovery period between sessions than for the short du- 
ration category. In other words, the short duration category would 
result in higher weight limits than the moderate duration catego- 
ry, so larger recovery periods would be needed. 
SPECIAL FREQUENCY ADJUSTMENT PROCEDURE 

A special procedure has been developed for determining the 
appropriate lifting frequency (F) for certain repetitive lifting tasks 
in which workers do not lift continuously during the 15-minute 
sampling period. This occurs when the work pattern is such that 
the worker lifts repetitively for a short time and then performs light 
work for a short time before starting another cycle. For work pat- 
terns such as this, F may be determined as follows, as long as the 
actual lifting frequency does not exceed 15 lifts per minute: 

1. Compute the total number of lifts performed for the 15-minute 

2. Divide the total number of lifts by 15. 
3. Use the resulting value as the frequency ( F )  to determine the 

For example, if the work pattern for a job consists of a series of 
cyclical sessions requiring 8 minutes of lifting followed by 7 minutes 
of light work, and the lifting rate during the work sessions is 10 lifts 
per minute, then the frequency rate (F) that is used to determine 
the frequency multiplier for this job is equal to (10 X 8)/15, or 5.33 

period (lift rate times work time). 

frequency multiplier (FM) from Table 13-5. 
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lifts per minute. If the worker lifted continuously for more than 15 
minutes, however, then the actual lifting frequency (10 lifts per 
minute) would be used. 

When using this special procedure, the duration category is based 
on the magnitude of the recovery periods between work sessions, 
not within work sessions. In other words, if the work pattern is 
intermittent and the special procedure applies, then the intermit- 
tent recovery periods that occur during the 15-minute sampling 
period are not considered as recovery periods for purposes of de- 
termining the duration category. For example, if the work pattern 
for a manual lifting job was composed of repetitive cycles consist- 
ing of 1 minute of continuous lifting at a rate of 10 lifts per minute, 
followed by 2 minutes of recovery, the correct procedure would be 
to adjust the frequency according to the special procedure ( F  = (10 
lifts per minute X 5 minutes)/l5 minutes = 50/15 = 3.3 lifts per 
minute). The 2-minute recovery periods would not count toward 
the RT/WT ratio, however, and additional recovery periods would 
have to be provided as described above. 

Frequency Restrictions 
Lifting frequency (F)  for repetitive lifting may range from 0.2 

lifts per minute to a maximum frequency that is dependent on the 
vertical location of the object (v> and the duration of lifting (Table 
13-5). Lifting above the maximum frequency results in a RWL of 
0.0 (except for the special case of discontinuous lifting previously 
discussed, where the maximum frequency is 15 lifts per minute). 

Frequency Multiplier 
The FM value depends upon the average number of lifts per 

minute (F), the vertical location (v> of the hands at the origin, and 
the duration of continuous lifting. For lifting tasks with a frequen- 
cy less than 0.2 lifts per minute, set the frequency equal to 0.2 lifts 
per minute. Otherwise, the FM is determined from Table 13-5. 
COUPLING COMPONENT 

Definition and Measurement 
The nature of the hand-to-object coupling or gripping method 

can affect not only the maximum force a worker can or must exert 
on an object, but also the vertical location of the hands during the 
lift. A “good” coupling will reduce the maximum grasp forces re- 
quired and increase the acceptable weight for lifting, while a “poor” 
coupling will generally require higher maximum grasp forces and 
decrease the acceptable weight for lifting. 
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The effectiveness of the coupling is not static, but may vary with 
the distance of the object from the ground, so that a good coupling 
could become a poor coupling during a single lift. The entire range 
of the lift should be considered when classifying hand-to-object 
couplings, with classification based on overall effectiveness. The 
analyst must classify the coupling as good, fair, or poor. The three 
categories are defined in Table 13-6. If there is any doubt about 
classifying a particular coupling design, the more stressful classi- 
fication should be selected. 

The decision tree shown in Figure 13-3 may be helpful in classi- 
fying the hand-to-object coupling. 

Object Lifted 

I Optimal INO , Yes1 B U I ~  

container? obiect? 
I I 

Figure 73-3 Decision tree for coupling quality. 

Limitations 
There are no limitations for 

classifying the coupling, but 
both hands must be observed 
when assessing the coupling. 
If one hand is predominately 
used to lift the load and the 
fingers are flexed at 90" un- 
der the load, then the cou- 
pling should be rated as fair, 
regardless of the position of 
the other hand. 

Coupling Multiplier 
Based on the coupling clas- 

sification and vertical loca- 
tion of the lift, the coupling 
multiplier ( C M )  is deter- 
mined from Table 13-7. 

PROCEDURES 
Prior to data collection, the 

analyst must decide if the job 
should be analyzed as a sin- 

gle- or multi-task manual lifting job and if significant control is 
required at the lift's destination. This is necessary because the pro- 
cedures differ according to the type of analysis required. 

A manual lifting job may be analyzed as a single task if the task 
variables do not differ from task to task, or if only one task is of 
interest (single most stressful task). This may be the case if one of 
the tasks clearly has a dominant effect on strength demands, local- 
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ized muscle fatigue, or whole-body fatigue. On the other hand, if the 
task variables differ significantly between tasks, it may be more 
appropriate to analyze a job as a multi-task manual lifting job. A 
multi-task analysis is more difficult to perform than a single-task 
analysis because additional data and computations are required. The 
multi-task approach, however, will provide more detailed informa- 
tion about specific strength and physiological demands. 

For many lifting jobs, it may be acceptable to use either the sin- 
gle- or multi-task approach. The single-task analysis should be used 
when possible, but when a job consists of more than one task and 
detailed information is needed to specify engineering modifica- 
tions, then the multi-task approach is a reasonable method of as- 
sessing the overall physical demands. The multi-task procedure is 
more complicated than the single-task procedure, and requires a 
greater understanding of assessment terminology and mathemat- 
ical concepts. Therefore, the decision to use the single- or multi- 
task approach should be based on: the need for detailed information 
about all facets of the multi-task lifting job; the need for accuracy 
and completeness of data in assessing the physiological demands 
of the task; and the analyst’s level of understanding of the assess- 
ment procedures. 

The decision about control at the destination is important be- 
cause the physical demands on the worker may be greater at the 
destination of the lift than at the origin, especially when signifi- 
cant control is required. When significant control is required at the 
destination, for example, the physical stress is increased because 
the load will have to be accelerated upward to slow down its de- 
scent. This acceleration may be as great as the acceleration at the 
origin of the lift and may create high loads on the spine. Therefore, 
if significant control is required, then the RWL and LI should be 
determined at both locations, and the lower of the two values will 
specify the overall level of physical demand. 

To perform a lifting analysis using the revised lifting equation, 
two steps are undertaken: data are collected at the worksite, and 
the recommended weight limit and lifting index values are com- 
puted using the single- or multi-task analysis procedure. 
STEP 7 : COLLECT DATA 

The relevant task variables must be carefully measured and clear- 
ly recorded in a concise format. As mentioned previously, these 
variables include the horizontal location of the hands ( H ) ,  vertical 
location of the hands (V), vertical displacement (D) ,  asymmetric 
angle (A), lifting frequency ( F ) ,  and coupling quality (C). Job anal- 
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ysis work sheets, as shown in Figure 13-4 for single-task jobs, or 
Figure 13-5 for multi-task jobs, provide a simple form for record- 
ing the task variables and the data needed to calculate the RWL 
and the LI values. A thorough job analysis is required to identify 
and catalog each independent lifting task in the worker’s complete 
job. For multi-task jobs, data must be collected for each task. 

STEP 2: SINGLE- AND MULTI-TASK PROCEDURES 

Single -tas k Procedure 
For a single-task analysis, step 2 consists of computing the RWL 

and the LI. This is accomplished as follows. 
Calculate the RWL at the origin for each lift. For lifting tasks 

requiring significant control at the destination, calculate the RWL 
at both the origin and the destination of the lift. This procedure is 
required if the worker has to re-grasp the load near the destination 
of the lift, the worker has to momentarily hold the object at the 
destination, or the worker has to position or guide the load at the 
destination. The purpose of calculating the RWL at both the origin 
and destination of the lift is to identify the lift’s most stressful lo- 
cation. Therefore, the lowest RWL value at the origin or destina- 
tion should be used to compute the LI for the task, as this value 
would represent the limiting set of conditions. 

The assessment is completed on the single-task work sheet by 
determining the LI for the task of interest. This is accomplished 
by comparing the actual weight of the load (L)  lifted with the RWL 
value obtained from the lifting equation. 

Multi-task Procedure 
For a multi-task analysis, step two has three parts: 
1. Compute the frequency-independent recommended weight 

limit (FIRWL) and single-task recommended weight limit 
(STRWL) for each task. 

2. Compute the frequency-independent lifting index ( F I L I )  and 
single-task lifting index (STLI) for each task. 

3. Compute the composite lifting index (CLI) for the overall job. 
Frequency-independent recommended weight limit (FIRWL). 

Compute the FIRWL value for each task by using the respective 
task variables and setting the frequency multiplier (FM)  to a value 
of 1.0. The FIRWL for each task reflects the compressive force and 
muscle strength demands for a single repetition of that task. If 
significant control is required at the destination for any individual 
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Department Job description 

Object 
weight (Ib) 

L (avg) L (max) 

Job title 

Analyst's name 

Date 

Hand location (in.) Vertical Asymmetric angle ("1 Frequency rate Duration Object 

H V H V D A A F C 
Origin Destination distance Origin Destination Lifts/min (hr) coupling 

Step 2. Determine the multipliers and compute the RWLs 

RWL = LC X HM X VM X DM X AM X FM X CM 

Origin RWl =pqxnxnxnxnxnxn =- 

Destination RWl =pqxnxn nx nxnxn = 

SteD 3. ComDute the liftina index - 
Origin 

Destination 

- -El Obiect weight (L) 
RWl 

Lifting index = 

-El Lifting index = Object weight (L) - 

RWl 

Figure 73-4 Single-task job analysis work sheet. 



Multi-task Job Analysis Work Sheet 

Department Job description 

Job title 

Analyst's name 

Date 

Step 1. Measure and record task variables 

Task no. 

Step 2. Compute multipliers and FIRWL, SJRWL, FILI, and SJLl for each task 

F FlLl = SJLl = New 
Taskno. LC X HM X VM X DM X AM X C M  FlRWL x FM SJRWL FIRWL sJRwL 

51 I 

Step 3. Compute the composite lifting index for the job (after renumbering tasks) 

CLI = I SJLli + A FILI? + + A FlLl A + A FlLl r; 

CLI = I I I I I I 

Figure 13-5 Multi-task job analysis work sheet. 
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task, the FIRWL must be computed at both the origin and the des- 
tination of the lift, as previously described for single-task analysis. 

Single-task recommended weight limit (STRWL). Compute the 
STRWL for each task by multiplying its FIRWL by its appropriate 
FM value. The STRWL for a task reflects the overall demands of 
that task, assuming it was the only task being performed. Note: this 
value does not reflect the overall demands of the task when the oth- 
er tasks are considered. Nevertheless, it is helpful in determining 
the extent of excessive physical stress for an individual task. 

Frequency-independent lifting index (FILI). The FILI  is com- 
puted for each task by dividing the maximum load weight (L) for 
that task by its respective FIRWL. The maximum weight is used to 
compute the FILI  because the maximum weight determines the 
maximum biomechanical loads to which the body will be exposed, 
regardless of the frequency of occurrence. Thus, the FILI  can iden- 
tify individual tasks with potential strength problems for infrequent 
lifts. If any of the FILI  values exceed a value of 1.0, then job design 
changes may be needed to decrease the strength demands. 

Single-task lifting index (STLI). The STLI is computed for each 
task by dividing the average load weight (L) for that task by the 
respective STRWL. The average weight is used to compute the STLI 
because it provides a better representation of the metabolic de- 
mands, which are distributed across the tasks, rather than depen- 
dent on individual tasks. The STLI can be used to identify 
individual tasks with excessive physical demands (tasks that would 
result in fatigue). The STLI values do not indicate the relative stress 
of the individual tasks in the context of the whole job, but they can 
be used to prioritize the individual tasks according to the magni- 
tude of their physical stress. Thus, if any of the STLI values ex- 
ceed a value of 1.0, then ergonomic changes may be needed to 
decrease the overall physical demands of the task. Note: it may be 
possible to have a job in which all individual tasks have a STLI 
less than 1.0 and yet is physically demanding due to the combined 
demands of the tasks. In cases where the FILI  exceeds the STLI 
for any task, the maximum weights may represent a significant 
problem, making careful evaluation necessary. 

Composite lifting index (CLI). The assessment is completed on 
the multi-task work sheet by determining the composite lifting 
index (CLI) for the overall job. The CLI is computed as follows: 

1. The tasks are renumbered in order of decreasing physical 
stress, from the task with the greatest STLI down to the task 
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with the smallest STLI. The tasks are renumbered in this way 
so that the more difficult tasks are considered first. 

2. The CLI for the job is then computed according to the follow- 
ing formula: 

CLI = STLI, + XALI 

where: 

(CALI = FILI ,  X ((1 + FM,,,) - (1 + FM,))) + FILI,  X ((1 + FM,,,,,) 
- (1 + FM,,,))) + FILI,  X ((1 + FM, ,,,J - (1 + FM,,,,,))) + FILIn X 

((l + FMl , 2 , 3 , 4 ,..., n) - (l + FM1,2,3 ,..,, (n-1) i)i 
Note: the numbers in the subscripts refer to the new task num- 
bers; and the FM values are determined from Table 13-5, based on 
the sum of the frequencies for the tasks listed in the subscripts. 

An Example 
The following example is provided to demonstrate this step of 

the multi-task procedure. Assume that an analysis of a typical three- 
task job provided the results shown in Table 13-8. 

Table 13-8. Computations from multi-task example 

New task 
# 

1 
2 
3 

To compute the composite lifting index (CLI) for this job, the 
tasks are renumbered in order of decreasing physical stress, be- 
ginning with the task with the greatest STLI. In this case, as shown 
in Table 13-8, the task numbers do not change. Next, the CLI is 
computed according to the formula previously shown. The task 
with the greatest CLI is Task 1 (STLI = 1.6). The sum of the fre- 
quencies for Tasks 1 and 2 is 1 + 2 or 3, and the sum of the frequen- 
cies for Tasks 1, 2, and 3 is 1 + 2 + 4, or 7. Then, from Table 13-5, 
FM, is 0.94, FM,,, is 0.88, and FM,,,,3 is 0.70. Finally, the CLI = 1.6 + 

229 



Ergonomics in Manufacturing 

1.0 (1/0.88 - 1/0.94) + 0.67(1/0.70 - 1/0.88) = 1.6 + .07 + .20 = 1.9. 
Note: the FM values were based on the sum of the frequencies for 
the subscripts, the vertical height, and the duration of lifting. 

APPLYING THE EQUATIONS 

USING THE RWL AND LI TO GUIDE ERGONOMIC DESIGN 

be used to guide ergonomic design in several ways. 
The recommended weight limit (RWL) and lifting index (LI)  can 

1. The individual multipliers can be used to identify specific job- 
related problems. The relative magnitude of each multiplier 
indicates the relative contribution of each task factor (hori- 
zontal, vertical, frequency). 

2. The RWL can be used to guide the redesign of existing manu- 
al lifting jobs or to design new manual lifting jobs. For exam- 
ple, if the task variables are fixed, then the maximum weight 
of the load could be selected so the RWL is not exceeded; if 
the weight is fixed, then the task variables could be optimized 
so that the weight is not exceeded by the RWL. 

3. The LI can be used to estimate the relative magnitude of phys- 
ical stress for a task or job. The greater the LI, the smaller the 
fraction of workers capable of safely sustaining the level of 
activity. Thus, two or more job designs could be compared. 

4. The LI can be used to prioritize ergonomic redesign. For ex- 
ample, a series of suspected hazardous jobs could be rank- 
ordered according to the LI, and a control strategy could be 
developed (jobs with lifting indices above 1.0 or higher would 
benefit the most from redesign). 

RATIONALE AND LIMITATIONS FOR LI 
The NIOSH RWL and LI equations are based on the concept 

that the risk of lifting-related low-back pain increases as the de- 
mands of the lifting task increase. In other words, as the magni- 
tude of the LI increases, the level of risk for a given worker 
increases, and a greater percentage of the work force is likely to be 
at risk for developing lifting-related low-back pain. The shape of 
the risk function, however, is not known. Without additional data 
showing the relationship between low-back pain and the LI, it is 
impossible to predict the magnitude of the risk for an individual or 
the exact percent of the work population who would be at an ele- 
vated risk for low-back pain. 

230 



Assessment of Manual Lifting-The NIOSH Approach 

To gain a better understanding of the rationale for the develop- 
ment of the RWL and LI, consult Waters et al. (1993), which pro- 
vides a discussion of the criteria underlying the lifting equation 
and of the individual multipliers, and identifies both the assump- 
tions and uncertainties in the scientific studies that associate man- 
ual lifting and low-back injuries. 

JOB- R ELATED INTERVENTION STRATEGY 
The lifting index may be used to identify potentially hazardous 

lifting jobs or to compare the relative severity of two jobs for the 
purpose of evaluating and redesigning them. From the NIOSH 
perspective, it is likely that lifting tasks with a LI > 1.0 pose an 
increased risk for lifting-related low-back pain for some fraction of 
the work force (Waters et al. 1993). Hence, lifting jobs should be 
designed to achieve a LI of 1.0 or less. 

Some experts believe, however, that worker selection criteria may 
be used to identify workers who can perform potentially stressful 
lifting tasks (lifting tasks that would exceed a LI of 1.0) without 
significantly increasing their risk of work-related injury above the 
baseline level (Chaffin and Anderson 1984). Those who endorse 
the use of selection criteria believe that the criteria must be based 
on research studies, empirical observations, or theoretical consid- 
erations that include job-related strength testing and/or aerobic 
capacity testing. Even these experts agree, however, that many 
workers will be at a significant risk of a work-related injury when 
performing highly stressful lifting tasks (lifting tasks that would 
exceed a LI of 3.0). Also, “informal” or “natural” selection of work- 
ers may occur in many jobs that require repetitive lifting tasks. 
According to some experts, this may result in a unique work force 
that may be able to work above a lifting index of 1.0, at least in 
theory, without substantially increasing their risk of low-back in- 
juries above the baseline rate of injury. 

EXAMPLE PROBLEMS 
’ h o  sample problems are provided to demonstrate the proper 

application of the lifting equation and procedures. The procedures 
offer a method for determining the level of physical stress associ- 
ated with a specific set of lifting conditions and assist in identify- 
ing the contribution of each job-related factor. The examples can 
help guide the development of an ergonomic redesign strategy. 
Specifically, for each example, a job description, job analysis, haz- 
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If HM < 1 .O 

If VM < 1 .O 

ard assessment, redesign suggestion, illustration, and completed 
work sheet are provided. 

A series of general designhedesign suggestions for each job-re- 
lated risk factor are provided in Table 13-9. These suggestions can 
be used to develop a practical ergonomic designhedesign strategy. 

Bring the load closer to the worker by removing any 
horizontal barriers or reducing the size of the obiect. Lifts 
near the floor should be avoided; if unavoidable, the object 
should fit easily between the legs. 

Raise/lower the origin/destination of the lift. Avoid lifting 

Table 13-9. General desigdredesign suggestions 

If DM < 1 .O 

If AM < 1 .O 

If FM < 1 .O 

If CM < 1 .O 

If the RWL at 
the destination 
< at the origin 

Reduce the vertical distance between the origin and the 
destination of the lift. 

Move the origin and destination of the lift closer together 
to reduce the angle of twist, or move the origin and 
destination further apart to force the worker to turn the feet 
and step, rather than twist the body. 

Reduce the lifting frequency rate, reduce the lifting duration, 
or provide longer recovery periods (i.e., light work period). 

Improve the hand-to-object coupling by providing optimal 
containers with handles or handhold cutouts, or improve 
the handholds for irregular objects. 

Eliminate the need for significant control of the object 
at the destination by redesigning the job or modifying the 
container/object characteristics. (See requirements for 
significant control in text.) 

I near the floor or above the shoulders. 

Loading Supply Rolls, Example 7 
Job description. With both hands directly in front of the body, a 

worker lifts the core of a 35-lb (16-kg) roll of paper from a cart, then 
shifts the roll in the hands and holds it by the sides to position it 
on a machine, as shown in Figure 13-6. Significant control of the 
roll is required at the destination of the lift. Also, the worker must 
crouch at the destination of the lift to support the roll in front of 
the body, but does not have to twist. 

Job analysis. The task variable data are measured and recorded 
on the job analysis work sheet (Figure 13-7). The vertical location 
of the hands is 27 in. (69 cm) at the origin, and 10 in. (25 cm) at the 
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15 in. 
10 in. (38,cm) 

(25 cm) 

20 in. 
(51 cm) 

Figure 73-6 Loading supply rolls. 

destination. The horizontal location of the hands is 15 in. (38 cm) at 
the origin and 20 in. (51 cm) at the destination. The asymmetric 
angle is 0" at both the origin and the destination, and the frequen- 
cy is four lifts per shift (less than 0.2 lifts per minute for less than 
1 hour-(see Table 13-5). 

Using Table 13-6, the coupling is classified as poor because the 
worker must reposition the hands at the destination of the lift and 
he or she cannot flex the fingers to the desired 90" angle (hook grip). 
No asymmetric lifting is involved (A = 0), and significant control of 
the object is required at the destination of the lift. Thus, the RWL 
should be computed at both the origin and the destination of the 
lift. The multipliers are computed from the lifting equation or de- 
termined from the multiplier tables (Tables 13-1 to 13-5, and Table 
13-7). As shown in Figure 13-7, RWL = 28.0 lb (13 kg) at the origin 
and RWL = 18.1 lb (8 kg) at the destination for this activity. 

Hazard assessment. The weight to be lifted (35 lb [16 kg]) is 
greater than the RWL at both the origin and destination of the 
lift (28.0 lb [13 kg] and 18.1 lb [8 kg], respectively). At the origin, 
LI = 35 lb [16 kg]/28.0 lb [13 kg] = 1.3; at the destination, LI = 35 
lb [16 kg]/18.1 lb [8 kg] = 1.9. These values indicate that this job 
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Job Analysis Work Sheet 

Department Job description 
Job title Packager Loading paper supply rolls 

Analyst's name 
Date Example 1 

Object 
weight (Ib) 

1 (avg) 1 (max) 

35 35 

Hand location (in.) Vertical Asymmetric angle (9  Frequency rate Duration Object 

H V H V D A A F C 

15 27 20 10 17 0 0 1 . 2  <1 Poor 

Origin Destination distance (in.) Origin Destination Lifts/min (hr) coupling 

Step 2. Determine the multipliers and compute the RWLs 

Origin 

Destination 

SteD 3. Comwte the lifting index - 
Origin 

Destination 

- m  35 
- 

Obiect weight (1) 

Object weight (1) 35 

Lifting index = 

Lifting index = - 

RWl 28.0 

RWl 18.1 

Figure 73-7 Job analysis work sheet on which task variable data is measured and recorded. 
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is somewhat stressful at the origin, but more stressful at the desti- 
nation of the lift. 

Redesign suggestions. The first choice for reducing the risk of 
injury for workers performing this task would be to adapt the cart 
so that the paper rolls could be easily pushed into position on the 
machine, without manually lifting them. 

If the cart cannot be modified, then the results of the equation 
may be used to suggest task modifications. The work sheet dis- 
played in Figure 13-7 indicates that the multipliers with the small- 
est magnitude (those providing the greatest penalties) are 0.50 for 
the H M  at the destination, 0.67 for the H M  at the origin, 0.85 for 
the VM at the destination, and 0.90 for the CM value. Using Table 
13-9, the following job modifications are suggested: 

1. Bring the load closer to the worker by making the roll smaller 
so that it can be lifted from between the worker's legs. This 
will decrease the H value, which in turn will increase the HM 
value. 

2. Raise the height of the destination to increase the VM. 
3. Improve the coupling to increase the CM. 
If the size of the roll cannot be reduced, then the vertical height 

(v> at the destination should be increased. Figure 13-8 shows that if 
Vwere increased to about 30 in. (76 cm), then VM would be increased 
from 0.85 to 1.0; the H value would be decreased from 20 in. to 15 in. 
(51 cm to 38 cm), which would increase HM from 0.50 to 0.67; and 
DM would be increased from 0.93 to 1.0. As shown in Figure 13-8, 
the final RWL would be increased from 18.1 lb to 30.8 lb (8 kg to 14 
kg), and the LI at the destination would decrease from 1.9 to 1.1. 

In some cases, redesign may not be feasible. In these cases, the 
use of a mechanical lift may be more suitable. As an interim con- 
trol strategy, two or more workers may be assigned to lift the sup- 
ply roll. 

Comments. The horizontal distance ( H )  is a significant factor 
that may be difficult to reduce, because the size of the paper rolls 
may be fixed. Moreover, redesign of the machine may not be prac- 
tical. Therefore, elimination of the manual lifting component of 
the job may be more appropriate than job redesign. 
Dish-washing Machine Unloading, Example 2 

Job description. A worker manually lifts trays of clean dishes 
from a conveyor at the end of a dish-washing machine and loads 
them on a cart as shown in Figure 13-9. The trays are filled with 
assorted dishes (glasses, plates, bowls) and silverware. The job takes 
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Job Analysis Work Sheer 

Department Shipping Job description 

Object 
weight (Ib) 

Loading paper supply rolls 

Hand location (in.) Vertical Asymmetric angle (") Frequency rate Duration Object 

Oriain I Destination distance (in.) Oriain I Destination Lifts/min (hr) coupling 

Job title Packager 

Analyst's name 

Date 

L (avg) 

35 

Modified example 1 

1 (max) H V H v D A A F C 

35 15 27 15 30 3 0 0 <.2 <1 Poor 

Step 2. Determine the multipliers and compute the RWLs 

RWL 

RWL 

RWl 

= LC x HM X VM X DM X 

X 

X 

AM X FM X C M  

=mX Origin 

Destination = I X  

Step 3. Compute the lifting index 

Origin 
35 

RWL 30.1 
- 

Object weight (1) 
Lifting index = 

Destination 
Object weight (1) 35 

Lifting index = - 
RWl 30.8 

Figure 73-8 Modified job analysis work sheet. 
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20 in. Origin 

3 0” 
Sagittal 

line 

Destination , 3 Ob 

7 in. 
(1 8 cm) 

Figure 7 3-9 Dishwashing machine unloading. 

between 45 minutes and 1 hour to complete, and the lifting fre- 
quency rate averages five lifts per minute. Workers usually twist 
their body to one side to lift the trays (asymmetric lift) and then 
rotate their body to the other side to lower the trays to the cart in 
one smooth continuous motion. The asymmetric angle (A) varies 
between workers and within workers, but there is usually equal 
asymmetry to either side. During the lift, the worker may take a 
step toward the cart. The trays have well-designed handhold cut- 
outs and are made of lightweight materials. 

Job analysis. The task variable data are measured and recorded 
on the job analysis work sheet (Figure 13-10). At the origin of the 
lift, the horizontal distance ( H )  is 20 in. (51 cm), the vertical dis- 
tance (V) is 44 in. (112 cm), and the angle of asymmetry (A) is 30”. 
At the destination of the lift, H is 20 in. (51 cm), V is 7 in. (18 cm), 
and A is 30”. The trays normally weigh between 5 lb (2.3 kg) and 20 
lb (9.1 kg), but for this example, assume that all of the trays weigh 
20 lb (9.1 kg). 

Using Table 13-6, the coupling is classified as “good.” Significant 
control is required at the destination of the lift. Using Table 13-5, the 
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Job Analysis Work Sheet 

Job description Department Food service 

Object 
weight (Ib) 

1 (avg) 1 (max) 

20 20 

Job title Cafeteria worker 

Analyst's name 

Hand location (in.) Vertical Asymmetric angle (4  Frequency rate Duration Object 

H V H V D A A F C 

20 44 20 7 37 30  30  5 i l  Good 

Origin Destination distance (in.) Origin Destination Lifts/min (hr) coupling 

Unloading a dish-washing machine 

Date Example 2 

Step 2. Determine the multipliers and compute the RWLs 

Origin 

Destination 

Ster, 3. ComDute the liftina index - 
20 

- 
Object weight (1) 

Origin Lifting index = 
RWl 14.4 

Destination 
Object weight (1) 20 

Lifting index = - 
RWl 13.3 

Figure 13- 10 Job analysis work sheet for cafeteria worker. 
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FM is determined to be 0.80. As shown in Figure 13-10, the RWL is 
14.4 lb (6.5 kg) at the origin and 13.3 lb (6 kg) at the destination. 

Hazard assessment. The weight to be lifted (20 lb [9.1 kg]) is 
greater than the RWL at either the origin or destination of the lift 
(14.4 lb [6.5 kg] and 13.3 lb [6 kg], respectively). The LI at the origin 
is 20/14.4 = 1.4 and the LI at the destination is 1.5. These results 
indicate that this lifting task would be stressful for some workers. 

Redesign suggestions. The work sheet shows that the smallest 
multipliers (the greatest penalties) are 0.50 for the H M ,  0.80 for the 
FM, 0.83 for the V M ,  and 0.90 for the AM. Using Table 13-9, the 
following job modifications are suggested: 

Bring the load closer to the worker to increase H M ;  
Reduce the lifting frequency rate to increase F M ;  
Raise the destination of the lift to increase V M ;  and 
Reduce the angle of twist to increase A M  by either moving 
the origin and destination closer together or moving them 
further apart. 

Since the horizontal distance ( H )  is dependent on the width of 
the tray in the sagittal plane, this variable can only be reduced by 
using smaller trays. Both the DM and VM, however, can be increased 
by lowering the height of the origin and increasing the height of 
the destination. For example, if the height at both the origin and 
destination is 30 in. (76 cm), then V M  and DM are 1.0, as shown in 
the modified work sheet (Figure 13-11). Moreover, if the cart is 
moved so that reaching to the side is eliminated, the AM can be 
increased from 0.90 to 1.00. As shown in Figure 13-11, with these 
redesign suggestions, the RWL can be increased from 13.3-20.4 lb 
(6-9.3 kg), and the LI values are reduced to 1.0. 

Comments. This analysis was based on a 1-hour work session. If 
a subsequent work session begins before the appropriate recovery 
period has elapsed (1.2 hours), then the 1-2-hour or 2-8-hour cate- 
gory would be used to compute the FM value. 
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D~~~~~~~~ Food service Job description 

Job title 

Analyst's name 
Date Modified example 2 

Cafeteria worker Unloading a dish-washing machine 

Object 
weight (Ib) 

Hand location (in.) Vertical Asymmetric angle (4  Frequency rate Duration Object 

Oriain I Destination distance (in.) Oriain I Destination Liftdmin (hr) coupling 

L (avg) 

20 

Step 2. Determine the multipliers and compute the RWLs 

L (max) H V H V D A A F C 

20 20 30 20 30 0 0 0 5 il Good 

Origin 

Destination 

RWl 

RWl 

RWl 

X 

X 

X 

VM X 

p T J X  
p J X  

DM X AM X FM X C M  

pTJ 
pJ 

Step 3. Compute the lifting index 

Origin 

Destination 

20 
- 

Object weight (L) 
Lifting index = 

RWl 20.4 

Object weight (L) 20 
Lifting index = - 

RWl 20.4 

Figure 73- 7 7 Modified job analysis work sheet showing the decreased 11 values. 
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Work-related back injuries exact a heavy toll on industry and 
the service sector. In fact, back injuries and low-back pains, repre- 
senting approximately 30% of industry’s total injuries, rank sec- 
ond only to the common cold as the leading cause of work time lost 
in the United States. In 1991, back injuries and low-back pain were 
related to 31% of all workers’ compensation claims in the United 
States (National Safety Council 1992). The term back injury refers 
to all back disorders, injuries, or pain. 

Even though back trouble is rarely life threatening, the cost of 
such a prevalent problem is enormous. Marras et al. (1993) report 
that in the United States, back injuries account for up to 40% of 
compensation costs. The average cost of a back injury runs $7,400, 
according to data gathered on a large number of low-back injury 
cases (Mahone 1994). Howell (1992) estimates that in many super- 
market companies, low-back injuries account for 25-35% of time 
lost from work and for 50-60% of workers’ compensation costs. Back 
injuries and low-back pain could be devastating for industry; not 
only do industries pay workmens’ compensation, but they also 
spend billions of dollars on tests, treatments, claims, lawsuit awards, 
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settlements, and surgeries (Tomecek 1992). Reducing back inju- 
ries and their associated costs are concerns for many companies. 

PREVENTION ATTEMPTS 
Over the years, industry, business, and government have tried 

many avenues of relief for these costs. Traditionally, three approach- 
es-personnel training, personnel selection, and job design-have 
been tested to make jobs as safe and efficient as possible. The first 
two approaches fit the person to the job, the third approach fits the 
job to the person. The three strategies are highly related because 
both job demands and related human capabilities must be known 
to match them. According to Kroemer (1992), all three strategies 
should be successful if properly applied. Additionally, many com- 
panies have been involved in the use of an assortment of preven- 
tive devices, with back support belts representing one of the most 
frequently used. 

PERSONNEL TRAINING 
Training is expected to reduce back injuries by developing spe- 

cific material handling skills, promoting further awareness and self- 
responsibility, and improving specific physical characteristics 
(physical training). However, experts disagree about the value of 
training. On the pro-training side, several publications (Chaffin et 
al. 1978; Liles 1985; Klaber et al. 1986) have reported that training 
programs helped reduce the incidence and severity of back inju- 
ries. However, Brown (1975) and Yu et al. (1984) concluded that for 
over four decades, the educational approach has been unsuccess- 
ful in significantly reducing incidents of back injury. 

There is also the unexpected finding that stronger persons were 
found to be injured more frequently than weaker colleagues (Bat- 
tie et al. 1989). 

PERSONNEL SELECTION 
The second strategy for controlling back injuries involves the 

use of employee placement procedures. In an attempt to select a 
worker population whose capacities match or exceed the demand 
of a given job, numerous employee screening or placement pro- 
grams have been, and are being, used (Ayoub and Mitall989). Some 
of these techniques are: back X-ray films, strength testing, medi- 
cal examinations, psychological tests, job simulators, and rating 
methods. If taken as sole measures of a worker’s capacity, the pre- 
viously mentioned screening procedures are not adequate. They 
can be useful only in some aspects of pre-employment screening. 
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Finally, these procedures must be carefully used due to possible 
legal implications under the Americans with Disabilities Act. 

JOB DESIGN 
The best hope of eliminating or reducing back injuries is through 

job design and implementation of engineering controls. Eliminat- 
ing or reducing hazardous tasks, decreasing job demands, and min- 
imizing body movements are three goals of job design. A strong 
advantage of this approach is that its results are permanent, as op- 
posed to the temporary effects of personnel selection and training. 

EXTERNAL SUPPORT DEVICES 
While all three strategies have been useful in preventing back 

injuries (National Institute for Occupational Safety and Health 
[NIOSH] 1994), these options are not always feasible (Udo et al. 
1992). Thus, to alleviate back pain and prevent back injuries, com- 
panies have begun to use back support belts as an additional strat- 
egy (Tomecek 1992). 

Back belts are used by production and service workers, but there 
are no conclusive results about their effectiveness. There are many 
contradictory opinions (Klaber et al. 1986; Imker 1994; Lund and 
Rambo 1994) in magazines, newspapers, and conferences, as well 
as in a few research studies (Grew and Deane 1982; Harman et al. 
1989; Hilgen et al. 1992; McCoy et al. 1988; McGill et al. 1990; Mitchell 
et al. 1994; Reddell et al. 1992; Udo et al. 1993; Walsh and Schwartz 
1990). Recently, the US. Government (NIOSH 1994) concluded that 
based on a review of scientific literature, there was no scientific 
evidence indicating that belts prevent back problems. F’urthermore, 
if the belts work, it must be established whether they work in the 
same way for different MMH activities, and if they work the same 
for males and females. 

BACK SUPPORT BELTS 
Back support belts are known as lifting belts, weight-lifting de- 

vices, supports, aids, abdominal support belts, and pelvic belts. The 
term back belt is applied to therapeutic devices, such as lumbosac- 
ral orthoses, back or spinal braces, supports, and corsets. Back sup- 
port belts, regardless of the name, are external support devices 
tightened around the lower-back and abdomen or pelvis. 

There are three basic types of back support belts: orthotic devic- 
es prescribed by a physician to help treat low-back pain of injured 
people; belts used for weight lifters to prevent back injuries while 
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lifting heavy weights; and industrial back support devices used to 
reduce injury in the workplace. 

Orthotic Devices 
Medically-prescribed orthotic devices can be grouped into two 

major categories: corrective, and supportive and immobilizing 
(Walters and Morris 1970). Corrective braces are used in treating 
such disorders as scoliosis and kyphosis, while supportive braces 
and corsets are prescribed for the relief of low-back pain. 

There are many types and constructions of the medically-pre- 
scribed lumbar spinal supports (Grew and Deane 1982). They can 
be made of fabric, leather, or nylon. These supports can be rigid, 
wide, or narrow. Some have plastic removable inserts, while others 
do not. They all usually cover from the sacrum or pelvic region to 
the thoracic region. 

Million et al. (1981) describes the lumbar corset used in their 
experiment as a wide wrap-over body belt that comes in various 
sizes, fastened by a belt. In the back of the corset there was a large 
pocket to hold a plastic insert. Kumar and Godfrey (1986) cite the 
Camp lumbosacral corset and the Harris brace as two examples of 
the medically-prescribed back supports. 

The Camp lumbosacral corset extends from the mid-thoracic to 
the sacroiliac region. It is firmly bonded in the back and reinforced 
around with pliable semirigid uprights to ensure better pressure 
distribution. The device has self-adjusting laces on the side to ap- 
ply pressure on the abdomen by means of three pull straps. 

The Harris brace is a low-back orthosis with a pelvic and thorac- 
ic band and four upright bars connecting the two bands. ?tyo of the 
uprights are paraspinal in position and the other two are lateral. In 
front, two canvas flaps covering the abdomen can be tightened by 
four pull straps to provide abdominal pressure. 

New spinal braces are frequently designed and old ones modi- 
fied (Kumar and Godfrey 1986). Generally, the alternations have 
been to improve the fit, incorporate new materials, and sometimes 
to include additional mechanical forces. 

WEIGHT-LIFTING BELTS 
Weight-lifting belts are normally made of leather, but there are 

some new nonleather designs. The are two basic types of belts. 
One is wide in the center (4 or 6 in. [ lo  or 15 em]), but tapered 2.4 or 
2.8 in. (6 or 7 cm) at both ends near the buckle (see Figure 14-1). 
The other belt has the same width (4311. [lo-cm] wide) for its entire 
length (see Figure 14-2). 
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INDUSTRIAL BACK SUPPORT 
BELTS 

I 

Industrial back support belts 
come in a variety of styles, ma- 
terials, sizes, and colors. This 
type of belt usually is designed 
to be lightweight and provide 
long-lasting back and abdominal I 

support. Made of breathable fab- 
ric or nylon and many other syn- 
thetic materials, the belts are 
designed to be worn outside the 
employee's clothing. 

There are three basic ways in 
which the belts give support: 
some have flexible steel stays, 
some are of thick semirigid 
foam, and some are air filled. 
Some belts provide an addition- 
al support to the lumbosacral region with a padded insert. 

Some belts have detachable suspenders. Suspenders allow the 
worker to loosen the belt without having to take it off. This comes 
in handy because workers can always have their belts on them. A 
possible problem with suspenders is that they can become caught 
in machinery or other objects. 

The industrial back support belts come in different widths. The 
most common widths are 4 in. (10 cm) and 6 in. (15 cm) wide. But 
some belts are available in 5-, 8-, and 9-in. (12.5-, 20-, and 22.5-cm) 
widths. 

The belts come in a wide range of waist sizes, from extra small 
(XS) to extra extra large (XXL). Depending on the manufacturer, 
the waist sizes are grouped in six categories: XS (22-26 in. [56-66 
cm]), S (26-30 in. [66-76 cm]), M (30-34 in. [76-86 cm]), L (34-38 in. 
[86-97 cm]), XL (38-42 in. [97-107 cm]), and XXL (42-46 in. [107-117 
cm]). Also, there are some one-size-fits-all models available. 

Most of the industrial back supports belts feature Velcro@ clo- 
sures for adjustable tension and some are available in washable 
and waterproof materials. 

The OK-7 Model 
The OK-1 Back Support Belt'" model SS-4 has a continuous 4-in. 

(10-cm) width (Figure 14-3). Overall thickness is 0.2-in. (0.5 cm). 
This belt comes with a permanently attached lumbar pad measur- 

Figure 14- 7 Leather weight-lifting belt. 

Figure 74-2 Weight-lifting belts by Valeo 
andKevlar. 
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ing 0.8 in. (2 cm). The length of 
the belt is adjustable by overlap- 
ping the inside layer of self-grip- 
ping fasteners. It also has an 
outside strap, designed to lock 
the belt in place without tight- 
ening it. It is made of synthetic 
material and represents the type 
of support belt characterized by 
a semirigid construction and 
uniform width. 

Japanese Belt 

a flexible type of back support designed in two styles: male belt 
and female belt. Figure 14-4 shows a picture of both belts. The fe- 
male belt (Figure 14-4a) has a maximum width of 6 in. (15 cm) in 
the center, tapering to 4 in. (10 cm) at both ends; the upper edge 
has more curvature than the male model (to adjust to female hip 
shape). The male belt (Figure 14-4b) has a maximum width of 6.5 
in. (17 cm) in the center, tapering to 4 in. (10 cm) at both ends. The 
belt is made of different sections of rubber and a synthetic mesh. 
The circumference size of the belt is adjustable by two straps that 
loop through buckles on the left side and double back to Velcro 
secured to the right side. A characteristic of this belt is that it is 
designed to be held around the pelvic region. 

Figure 14-3 The OK- 7 Back Support Belt" 
Model SS4. 

The Japanese belt represents 

ProFlex" 
The standard model of the 

ProFlex'" back support belt, is ad- 
justable in circumference with 
Velcro fastening and measures 8 
in. (20 cm) at the center, tapering 
to 4 in. (10 cm) at the fastener (see 
Figure 14-5). It is made of a syn- 
thetic type of material (spandex) 
and is tightened by stretching 
two elastic bands to provide 
proper tension. A characteristic 
of this belt is the suspenders at- 
tached to it. This belt also repre- 
sents a flexible/elastic type of 
back support. 

I 

I 

Figure 14-4 The Japanese belt designed 
for females (a) and males (b). 
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UNKNOWN FACTORS 
Some belt manufacturers 

claim that belts remind workers 
to use proper body mechanics 
when lifting, bending, and car- 
rying. Others claim the belts 
(combined with proper lifting, 
bending, and carrying tech- 
niques) help reduce both new 
and chronic injuries. But, with 
such a wide range of back sup- 
port belt characteristics, the 
problem is which of these char- 
acteristics makes a back support 
belt effective in preventing or 

ample, since there is no differ- 
ence in male and female belts 
(except for the Japanese belt), it 
is not known if females get the same support as males. Also, it is 
not known which type of belt support is the best or which width is 
optimal. 

Another problem is that an optimum fit has not been established. 
Workers customize the fit to suit their personal comfort. However, 
everyone has a different sense of fit, so some workers may be ben- 
efiting more than others. According to Tomecek (1992), the only 
thing certain is that the back support belt is increasing in popular- 
ity and its manufacturers are reporting a dramatic increase in sales. 

reducing back injuries. For ex- Figure 14-5 The ProFlex" back support 
belt. 

RATIONALE FOR USING BACK SUPPORT BELTS 
Walters and Morris (1970) report that the spinal supports pre- 

scribed for relieving low-back pain are presumed to achieve their 
effect by providing all of the following: 

Decreasing movement at the intervertebral joint; 
Shifting a portion of the upper body's load from the spine to 
the rest of the trunk by producing abdominal compression; 
Decreasing lumbar lordosis, therefore, mechanical stresses, 
on the spine; 
Providing a placebo (psychological) effect; and 
Providing sufficient support in the lumbar region, allowing 
relaxation of the trunk muscles. 
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According to Grew and Deane (1982), some reasons why spinal 
supports are prescribed in terms of their therapeutic effects could 
be that they limit movement, alter intracavity pressures, modify 
muscle actions, and warm skin (the increase in the blood flow helps 
relieve back pain). 

Reddell et al. (1992) state that the most cited reason for the use 
of back support belts is that their use increases the intra-abdomi- 
nal pressure (IAP), which reduces compressive forces around the 
lumbar spine. 

McGill(l990) suggests that belts may possibly support shear load- 
ing on the spine, resulting from the effect of gravity acting on the 
hand-held load and mass of the upper body when the trunk is flexed. 
He also cites a claim that back support belts may reduce back inju- 
ries by reminding workers to lift properly. 

Udo (1993) reports that the basis for back support belts is that the 
raising of IAP reduces the load on the lumbar vertebra by 30%. 
The rationale that Udo gives is that when the abdomen is pressed, 
the abdominal cavity is shaped like a rugby ball, which supports the 
load as a pillow. 

EFFECT OF BACK SUPPORT BELTS 
While the back support belt manufacturers provide impressive 

injury reduction numbers to support the use of belts (21% reduc- 
tion in injury rate when using the Champion Ergonomics Work 
Belt'" [Morris and Del Vecchio 1992]), the scientific community dis- 
agrees on whether back support devices are an effective means of 
reducing or preventing low-back injuries. 

De Ruiter (1990) believes that back supports are not a complete 
solution, but are part of an overall approach that includes educa- 
tion, training, and warm-ups. In his opinion, belts contribute to 
employee satisfaction and productivity by reducing the risk of low- 
er-back pain. 

Hilgen et al. (1991) suggest that fitting workers with abdominal 
belts should include formal training to eliminate any mental en- 
hancement that may be given by an abdominal belt in manual 
material handling tasks. They concluded that abdominal belts ap- 
peared to be beneficial in stooped lifting tasks. 

According to Fograscher (1991), back braces, or lifting belts, are 
not endorsed by Ohio's Division of Safety and Hygiene as tools for 
preventing back injuries. He states that back belts in no way elim- 
inate a worker's exposure to hazards and offer no long-term pre- 
vention of low-back disorders. 
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Perry (1992) mentioned that lifting belts can be used as an addi- 
tional support during heavy or extended physical exertion to pre- 
vent fatigue and the resulting spinal stress. He concluded that the 
best back support in the world will not supplant an exercise pro- 
gram to keep workers in good physical shape. 

Congleton et al. (1993), based their research on six separate stud- 
ies (McCoy et al. 1988; Sherwood 1988; Amendola 1989; Horsford 
1989; Wilson 1989; Reddell et al. 1992) on lifting belts conducted at 
Texas A&M University, which concluded that back support belts 
have not proven to be an effective piece of personal protective equip- 
ment and are not an effective means of increasing lifting capacity 
in any controlled study. 

The research on back belts has covered studies using medically- 
prescribed spinal supports, weight-lifting belts, and industrial back 
support belts. The research ranges from epidemiological studies 
to many types of physical studies (psychophysical, biomechanical, 
physiological, or a combination of these). This chapter concentrates 
on epidemiological studies, and includes a brief summary of phys- 
ical research. A full discussion of physical research is provided in 
the appendix to this chapter. 

EP IDEMIOLOGICAL RESEARCH 
Walsh and Schwartz (1990) investigated the effect of multimodel 

intervention (“back school” training and back support belts) in the 
prevention of back injury, and evaluated the potential adverse side 
effects of using a lumbosacral corset in the workplace. The sub- 
jects were 90 healthy male warehouse workers. The authors con- 
cluded that the study supported the concept of using education 
and prophylactic bracing to prevent back injury and reduce lost 
time. However, the use of a lumbosacral orthoses only during work- 
ing hours (8 hours) appeared to have a negative effect on abdomi- 
nal muscle strength. Berry (1991) concluded that the Schwartz and 
Walsh findings could be contaminated by Hawthorne and placebo 
effects. 

Holmstrom and Moritz (1992) studied the effects of lumbar belts 
on trunk muscle strength and endurance using construction work- 
ers. After 2 months of daily use, a lumbar spinal support did not 
influence the trunk extensor strength or endurance, but the trunk 
flexor strength increased significantly. 

The study by Reddell et al. (1992) indicates that individuals who 
wear a lifting belt, then discontinued its use, have a higher injury 
rate than other groups. As subjects, the study used 642 baggage 
handlers, working for a major airline company. They concluded 
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that when employees discontinue using lifting belts, an exercise 
program must be implemented to strengthen the abdominal and 
back muscles. They recommended that close attention be given to 
injuries occurring shortly after the belt is discontinued, with par- 
ticular emphasis on off-the-job injuries. 

Udo et al. (1992, 1993) investigated the effect of a belt on the 
incidence of low-back pain in an exchange rolling mill task, a rice- 
carrying task, and a crane task on male workers who had experi- 
enced low-back pain. The belt used in the experiments was attached 
at pelvic position. The test of the belt on 33 rolling mill workers for 
6 months established that the belt did not damage the paraverte- 
bra1 muscle (expressed in terms of reduction of muscular strength). 
The authors concluded that wearing a back support belt is useful 
in reducing the lumbar load and healing the lumbago of workers 
who were engaged in heavy MMH (rice-carrying task) and “unneu- 
tral” postural tasks (crane operation). Among the subjects who were 
graded as suffering from low-back pain, the percentages that 
showed an improvement in the kinetic pain score were 50%, 63%, 
and 80% for the exchanging milling task, the rice-carrying task, 
and the crane operation, respectively. Among the rice-carrying 
workers, who always were at risk of suffering acute lumbar sprain, 
the belt prevented the incidence of lumbar sprain. 

Mitchell et al. (1994) administered a survey to 1,316 workers who 
perform lifting activities at an Air Force base to examine the effec- 
tiveness of back support belts in reducing back injuries and the 
cost-effectiveness of their use. Results showed that workers wear- 
ing back belts had significantly fewer lost days than those not wear- 
ing belts. The best predictors of whether a worker was going to 
suffer low-back injury were the amount of time spent performing 
lifts and the history of injury. Training programs seemed effective 
in preventing many of the back problems. However, the expense 
of injury while wearing a belt was found to be higher than if the 
worker was not wearing a belt. 

Thompson et al. (1994) conducted a study of hospital workers to 
investigate the influence of wearing back belts on employee job 
attitudes and the experience of back pain. There were 41 subjects 
in the belt groups and 19 in the control group. Attitudes were found 
to be significantly improved as a result of the back belt program. 
Employees not only perceived belts as helping them avoid injury, 
but they reported a decrease of low-back pain. 
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PHYSICAL RESEARCH 
Based on the extensive review of physical studies (see the ap- 

pendix of this chapter for details), including psychophysical, bio- 
mechanical, physiological, or a combination of these, it was 
concluded that: 

1. No studies provided conclusive evidence that actual trunk 
muscle forces, predicted spinal compression, or sheer forces 
were significantly reduced by wearing a back support belt. 

2. Some studies concluded that back support belts reduce spi- 
nal loading under certain conditions. 

3. A small number of studies suggest that back support belts 
may reduce the range of spinal motion for a person wearing a 
belt while lifting. 

4. Based on physiological studies, the use of back support belts 
can put a temporary strain on the cardiovascular system. 

5. Biomechanical studies suggest that long-term use of back 
support belts may decrease abdominal muscle tone, increas- 
ing the chances of back injury if the user discontinues use of 
the belt. 

6. There are some concerns that a back support belt may alter a 
worker’s perception of capacity to lift heavy loads. 

SUMMARY 
Industry today is looking for new methods of dealing with the 

increasing cost of-and lost work days due to-lower-back inju- 
ries. Industrial back support belts are remedies that more employ- 
ers are utilizing to protect workers. Companies choose to use the 
belts to demonstrate, quickly and inexpensively, their wish to pre- 
vent back injuries. 

Studies indicate that back support belts have potential disad- 
vantages as well as advantages. While they seem to reduce lifting 
stress, they may lead to a false sense of security, so that injury 
occurs when they are not being worn. There also are comfort prob- 
lems with some belts. 

Most studies were conducted in controlled environments (cam- 
pus laboratories) and have used mainly college-age (typically 24 
years), weight-lifting men for short periods of time (less than 6 
months, and often less than 6 hours). 
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More long-term studies in uncontrolled environments (in the 

Summarizing from NIOSH (1994): 
1. There is insufficient data indicating that back belts reduce 

back stress during manual lifting. 
2. There is insufficient scientific evidence that back belts reduce 

back injuries. 
3. There is insufficient data relating the back injuries of healthy 

workers to the discontinued use of back belts. 
4. Back belts may produce a temporary strain on the cardiovas- 

cular system. 
5. The effectiveness of using belts to lessen the risk of back in- 

jury among uninjured workers remains unproven. The report 
did not recommend the use of back belts to prevent injuries 
among uninjured workers and did not consider back belts to 
be personal protective equipment. 

6. Back belts do not mitigate the hazards posed by repeated lift- 
ing, pushing, pulling, twisting, or bending. 

In the meantime, employers should be looking for ways to elim- 
inate or reduce back injuries through ergonomic valuation and 
implementation of engineering control. More scientific research is 
needed before any conclusions can be drawn about the positive, 
negative, or long-term effects of lifting belts. NIOSH has started to 
write guidelines for epidemiological and biological studies. A na- 
tionwide discount retailer has been selected for the epidemiologi- 
cal study. Unfortunately, these studies will not be completed for 
several years. 

For now, without objective and definitive back belt research, 
employers should remain cautious about using back belts to pre- 
vent back injuries on the job or to reduce the risk of injury. 

workplace) need to be conducted. 

APPENDIX 
Walters and Morris (1970) found that wearing a spinal brace has 

little or no effect upon muscle activities when the subjects were 
standing, at rest, or walking. 

According to Ahlgren and Hansen (1978), chronic lumbago is the 
most common ailment for which a corset is prescribed. This form 
of treatment is sometimes suggested because it provides support, 
with or without the relief of pain. 
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Million et al. (1981) suggested that a lumbar corset relieves symp- 
toms by restricting spinal motion, rather than acting as an abdom- 
inal binder. 

Grew and Deane (1982) confirmed that spinal supports influence 
the movement, intra-abdominal pressure (IAP), and skin tempera- 
ture (directly under the support) of the wearer. The IAP was 0.28 
in. (7 mm) Hg higher on average, and the skin temperature rose 
almost 34" F (2" C). The authors also suggested that, over the peri- 
od of treatment, patients become accustomed to the orthosis, and 
subconsciously adopt it as part of the spinal support mechanism. 
They affirmed the importance of using other treatments, such as 
exercise regimes, along with a spinal support, especially when pa- 
tients cease to wear the corset. 

The mechanical function of medically-prescribed lumbar spine 
orthoses was studied by Nachemson et al. (1983). Only four sub- 
jects (one male and three females) without previous back injury 
were used in the study. The results indicated that wearing lumbar 
spine orthoses can significantly unload the trunk in some situa- 
tions, but has no effect in others. Lumbar spine compression was 
reduced by about one-third during trunk flexion. The back muscle 
activity was reduced in some experiments by one-third with a back 
support. In others, it increased by the same amount. None of the 
back supports raised the intragastric pressure significantly. No one 
orthosis was found superior in mechanical effectiveness in the tasks 
studied. 

Hemborg et al. (1985) studied the immediate effect of two types 
of back belts on the activity of the oblique abdominal muscles and 
the erector spinae muscle, and on the intra-abdominal and intratho- 
racic pressure during lifting. They used 20 subjects from the con- 
struction industry with chronic low-back pain and 10 well-trained 
weight lifters. They showed that the two belts did not interfere 
with activation of the oblique abdominal muscles and the erector 
spinae muscle. Both belts made the intra-abdominal pressure rise 
moderately at all times, while the intrathoracic pressure was only 
slightly increased during some types of lifts. 

Kumar and Godfrey (1986) demonstrated that spinal braces can 
increase the IAF? They also found that there was no significant dif- 
ference in the IAP generated by six different braces. 

Lantz and Shultz (1986) studied the effects of wearing three com- 
monly-prescribed back braces and corsets on restrictions of gross 
body motions and trunk muscle myoelectric activity. They used 
five male university students with no history of significant back 
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pain. All three orthoses restricted some trunk motions (flexion, 
extension, lateral bending, twisting). Based on the results of the 
first study, the authors concluded that all three back supports would 
likely reduce loads placed on the lumbar spine. 

The results of a second study showed that none of the orthoses 
were consistently effective in reducing measured myoelectric activ- 
ity and, in some cases, signal levels increased when orthoses were 
worn. The authors concluded that lumbar orthoses are mechanical- 
ly effective only sometimes, often are not effective, and sometimes 
are counterproductive. They said that even when lumbar orthosis 
wearing is effective, the load reduction is not dramatic. 

Alaranta and Hurri (1988) indicated that the application of a cor- 
set is a reasonable complement in conservative treatment for pa- 
tients with chronic low-back pain. They decided that trunk muscles 
may be weakened by physical inactivity, not by wearing a corset. 
Hence, recommendations of proper trunk exercises should be a 
rule, rather than an exception, when prescribing a lumbar support. 

McCoy et al. (1988) evaluated the role of lifting belts in manual 
lifting. The 12 healthy male college participants reported that the 
belts increased the perceived maximum acceptable work load com- 
pared with the use of no belt (from 248.5 lb ft/minute [34.4 kg m/ 
minute] to at least 280 lb ft/minute [38.8 kg m/minute]). 

In a study using 12 college females, Sherwood (1988), evaluated 
the effects of lifting with three types of belts-leather, Air Belt'", 
and CompVest'"-and compared it to a control group using no belt. 
A psychophysical lifting task and subjective surveys administered 
to the participants regarding their belt preference and body part 
discomfort were used as criteria. Results showed that there were 
no significant differences between groups wearing belts and the 
control group when raising the maximum acceptable weight of lift. 
Body part discomfort, with the exception of the buttocks, also was 
nonsignificant when comparing belts versus control. However, for 
the buttocks, the CompVest produced significantly more body part 
discomfort. The subjective survey of the belts found no significant 
differences in comfort or support provided by the belts. Subjects 
preferred the no-belt condition and the CompVest slightly more 
than the other two conditions (leather belt and Air Belt). 

Amendola (1989) assessed the utility of belts for manual lifting. 
He used the Air Belt, the CompVest, and a combination of both. 
The experiment used four methods of data collection: biomechan- 
ical, psychophysical, subjective survey (rating and ranking), and 
body part discomfort. His results yielded no significant difference 
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between the belt conditions and a control without the belt at max- 
imum acceptable lift weight. No significant differences were found 
among belts in alleviating the compressive force in the lower-back. 
For body part discomfort and preference, the ranking indicated no 
clear favorite among the belts. 

Horsford (1989) investigated the effectiveness of back support 
belts on 12 healthy college males in a lifting experiment at 50% 
and 75% of maximum voluntary dynamic lifting capability. He used 
the same criteria as Wilson (1989). In the surveys, the participants 
responded favorably to the belt treatment; in the ranking they pre- 
ferred the belt treatment over no belt. However, he concluded that 
the belts tested did not aid individuals involved in lifting tasks. 

Hunter et al. (1989) reported the effects of a weight training belt 
on blood pressure during exercise. They used five healthy males 
and one healthy female. The exercises used were aerobic bicycle, 
on-arm bench press exercise, and isometric dead-lift exercise. The 
results of this study showed that blood pressure is affected by the 
use of a weight-lifting belt during both rest and exercise. They 
warned that individuals with compromised cardiovascular systems 
are probably at greater risk when undertaking exercise with back 
support. They recommended back belts not be cinched tightly while 
performing aerobic exercise. 

Rovere et al. (1989) reported that the lumbosacral corset is used 
to limit motion and provide external support in subjects with back 
injuries resulting from athletic activities. 

Wilson (1989) evaluated back support belts on 12 healthy college 
females. The four criteria were biomechanical, psychophysical, 
subjective survey (rating and ranking), and body part discomfort. 
She concluded that, at 50% and 75% of voluntary maximum lift, an 
analysis of the shear and compressive forces of the L5/S 1 disc re- 
vealed no significant difference between the use of belts and a con- 
trol situation without a belt. The body part discomfort survey and 
the subjective comfort and support questionnaires yielded no dif- 
ference among belts. The conclusion of this study was that back 
support devices cannot be recommended as an aid in lifting. 

Harman et al. (1989) and Lander et al. (1990) analyzed the effect 
of a weight-lifting belt during performance of dead-lift and squat 
exercises, respectively. Results confirmed that a weight-lifting belt 
can aid in supporting the trunk by increasing IAP (0.6 in. [15 mm] 
Hg and 0.7 in. [18 mm] Hg higher for the peak W, respectively). 
Lander et al. (1992) studied the effect of a weight-lifting belt dur- 
ing multiple repetitions of the squat exercise. They suggested that 
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the use of a weight-lifting belt aids in supporting the trunk due to 
the clearly increased IAP (approximately 11% from the first to last 
repetition) during the squat exercise. 

McGill et al. (1990) studied the effect of an abdominal belt on 
trunk muscle activity and IAP during squat lifts. They concluded 
that the muscle activity and IAP results of their study made it dif- 
ficult to justify the prescription of abdominal belts to workers. Belts 
do not appear to contribute to support of the loaded lumbar spine, 
based on the erector spinae activity. However, the authors do not 
exclude possible benefits from the belt, such as restricting the 
amount of forward flexion or axial twist of the spine, forcing a work- 
er to pivot by moving the feet while working, or reminding the 
lifter to maintain proper posture when the task at hand is physi- 
cally dangerous. 

Later, McGill et al. (1994) studied the effect of breath holding, 
using a weight-lifting belt, on trunk stiffness. They used 37 college 
students without history of back pain. They found that both breath 
holding and leather weight-lifting belts appeared to stiffen the tor- 
so while subjects performed lateral bending and axial rotation. 
However, the rigid belts did not consistently restrict forward bend- 
ing or straightening up. 

Woodhouse et al. (1990) concluded that no statistically signifi- 
cant isokinetic changes existed relative to improving functional 
lifting capacity, between subjects wearing various types of lumbar/ 
sacral supports and a control condition. Their study used 10 well- 
conditioned male athletes. The results suggested that there were 
no functional lifting qualities (increased lifting capacity) attribut- 
ed to utilizing some back supports while performing maximal lift- 
ing tasks. 

The effect of a weight-lifting belt on spinal shrinkage was stud- 
ied by Bourne and Reilly (1991). Spinal loading during weight lift- 
ing is reflected in changes of stature (shrinkage). The authors 
concluded that wearing a weight-lifting belt tends to induce less 
absolute spinal shrinkage (0.144 in. [3.7 mm] without the belt, and 
0.116 in. [2.9 mm] with the belt) and causes significantly less dis- 
comfort compared to lifting without a belt. They supported the 
hypothesis that a weight-lifting belt helps stabilize the trunk. 

Penrose et al. (1991) found that the use of an inflatable lumbar 
corset may contribute significantly to regaining muscular strength 
and flexibility lost through an injury in the lower-back and at the 
same time it may lessen the pain. 
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Axelsson et al. (1992) studied the stabilizing effect of back sup- 
ports on the intervertebral mobility of the lower lumbar region. 
They used seven patients who had back surgery. The patients used 
the lumbar supports for 5 months after surgery. The authors con- 
cluded that neither of the two types of lumbar support had any 
stabilizing effect on the intervertebral mobility of the lower lum- 
bar spine. They also suggested that any kind of lumbar support 
can be used during lumbar fusion healing as long as the support 
reminds and helps the patient to keep the trunk straight. 

Hamonet and Meziere (1993) investigated the activity level of 
the abdominal muscles (rectus abdominis and transversus abdomi- 
nus), with and without a flexible back belt, on 12 subjects who had 
been suffering from lumbar pain for more than 4 years. Based on 
75% of the cases, they concluded that wearing a flexible back belt 
does not affect the activity level in normal positions and ordinary 
daily movements. This, in their opinion, is an argument against 
the theory that wearing a back belt causes muscle atrophy. 

Lavender and Kenyeri (1994) compared the maximum accept- 
able weight of lift with and without the use of an elastic type of 
back belt. They used 16 subjects, 11 males and five females. They 
concluded that the use of lifting belts does not appear to offer a 
significant biomechanical or motivational advantage to the user 
when handling loads considered acceptable in repetitive material 
handling tasks. More than half of the subjects found the belts un- 
comfortable. Based on this, the authors predict poor compliance 
with organizational demands. 

Lavender et al. (1994) studied the effect of lifting belts on trunk 
motions, using eight male and eight female nursing personnel and 
students. As dependent measures, they used torso kinematic data 
in the sagittal, frontal, and transverse planes. They found that the 
belt reduced lateral trunk motion if foot movement was restricted. 
Also, the combination of belt, asymmetry, and foot movement con- 
ditions affected the most extreme benign and twisting postures. 
These results lead to the recommendation that ergonomists should 
focus on the design of workplace layouts that encourage foot move- 
ment, rather than providing a lifting belt. 

Reyna et al. (1995) found that lumbar belts neither augment iso- 
lated lumbar muscle strength nor increase dynamic lifting capaci- 
ty. They studied lifting performance in 22 healthy untrained 
subjects, with and without a commercially-available back belt. They 
pointed out that the belt still may have other benefits, but it does 
not strengthen the spine. 
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CHAPTER 15 

TRAINING AND EDUCATION IN 
BAC K I N J U RY PREVE NTI 0 N 

Glenda L. Key 
President 
KEY Method 
Minneapolis, MN 

When it comes to back injury, the plant manager’s major respon- 
sibility is to be educated in prevention (Figure 15-1). There are four 
points at which the plant manager makes the biggest impact on 
preventing back injuries-prior to the hire, after the hire and prior 
to the injury, after the injury, and when the injured employee re- 
turns to work. 

IMPACT POINTS 

PRIOR T O  THE HIRE 
Hiring the right person minimizes the possibility of costly, fraud- 

ulent, or inflated workers’ compensation claims. What are the le- 
gal and economic consequences if an injury occurs after you hire a 
person without knowing his or her physical capabilities for a job 
with unknown physical requirements? Having quality information 
about potential hires is critical. 

Job placement assessments and job analysis are two pieces of 
information that need to be linked in an organized, standardized 
manner in the hiring process. After integrating this strategy with 
their hiring process, one of the world’s largest trucking firms has 
recorded no new incidents of injury. 

AFTER THE HIRE 
Prior to the Injury 

Trade publications are flooded with programs and tools available 
to the plant manager and staff for preventing injury. Some educa- 
tion, fitness, and exercise programs have been effective. Options 
are numerous, but any that pull employees off work are costly. It is 
difficult, however, to sort the pertinent from the unsuitable. 
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0 KEY Method, August, 1996 
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Figure 75- 7 Overview of the ability/disability management techniques a manager should know to make sound judgments about 
trying to avoid back injuries and managing the problem if such an injury does occur. 
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Outcomes are the most important measurements of an injury 
prevention program. Successful results ensure that the risks and 
investments have a positive effect on the bottom line. 

After the Injury 
What are the tools for expediting an injured employee’s return 

to work? The system has now come full circle to lay the control of 
this process in the hands of the employer. This is a very difficult 
and frustrating task for a manager. It is his or her responsibility to 
keep costs down by trying to avoid injury and expediting resolu- 
tion of any injury cases that do occur. How do you know the return- 
ing employee is going to be able to do the job? Are there ways to 
identify the individuals who are trying to abuse the system by 
malingering? What assurances exist to predict that once the work- 
er is readmitted to employment, there will be no re-injuries? 

The critical information needed for decision making is found in 
a functional capacity assessment, which identifies an injured work- 
er’s return to work capabilities. There is great possibility for legal 
action if individuals return to work at a level that results in re- 
injury or if they are prevented from returning to work because of 
an underestimation of ability, thereby limiting their income. The 
case becomes exponentially complicated if the individual perceives 
action taken or not taken as the result of gender, racial, age, or 
disability discrimination. 

Are there treatment programs nearby that cover the specific func- 
tion and work needs of the employee and employer? This is impor- 
tant for the acute stage, as well as the longer-term treatment of a 
back injury. 
After the Injured Employee Returns to Work 

To maintain the capability level of rehabilitated workers, it is 
imperative to follow all recommendations from the treatment pro- 
grams or functional assessment. It is important to not only follow 
the guidelines, but also to pay close attention to the participation 
level or motivation determinant. If only numbers of capability are 
provided, without a specific participation determination, you will 
not know whether the person is giving less than full capability, or 
overdoing it and working beyond what is actually safe. 

PREVENTION PROGRAMS 
Some theorize that recurrence of back injuries can be prevented 

with proper job placement and injury prevention programs. Sever- 
al of these programs are discussed in this section. 
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AUDIT ASSESSMENT 
The audit assessment is a tool that can be used on a periodic 

basis to track the physical capability of workers. In addition to be- 
ing very important for an organization that has an aging work force 
with little turnover, this assessment is especially appropriate for 
heavy labor or emergency action jobs. The audit assessment is gen- 
erally a repeat of the job placement assessment. It may or may not 
have added components. Using the same, or many of the same as- 
sessment components allows the worker and the manager to see 
changes easily, minimizing discrepancy in interpreting the results 
or matching the information. All parties can immediately see the 
changes, then compare them to the job description to confirm the 
employee is still meeting minimum requirements of the job. 

Other applications for an audit assessment include: 
1. Rotation of jobs. Rotation in and of itself may not be a suc- 

cessful strategy unless there is assurance that each individu- 
al meets the minimum requirements for the physical demands 
of the job. 

2. Transfer to other jobs. It is important to know that individu- 
als have the physical capabilities to perform the job prior to 
moving them. This becomes even more important when more 
than one employee applies for a transfer to the same job at 
the same time. 

BACK BELTS 
The issue of back belts is covered in another chapter; it is men- 

tioned briefly here to recognize it as an option in a back injury 
prevention program. If literature that represents case and experi- 
ence outcomes were to demonstrate no significant change in inju- 
ry rates or cost savings, back belts would fade quickly away-as 
did the use of X-rays for pre-employment screening. There are as 
many stories that support non-use as there are that support the 
use of back belts. It would benefit the reader to learn more about 
the circumstances that made applications successful or unsuccess- 
ful. Identify the likenesses and circumstances and make an edu- 
cated decision to include it or not. 

EDUCATION 
Although an education program in back injury prevention is 

imperative because of changing technology, inconsistent findings 
in literature, a workers’ compensation system that needs improve- 
ment, and a continuing shortage of time make it an often compli- 
cated and challenging endeavor. In addition to reducing injuries, 
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the goals and objectives of education programs include minimiz- 
ing injuries, returning workers to work more quickly, preventing 
productivity loss, decreasing employee lost work days, and avoid- 
ing litigation. 

An education program offers opportunities for all, from all lev- 
els of management and all levels of workers, to have an impact and 
make a difference. The difference can be felt physically, medically, 
and economically at all levels. This chapter does not cover specific 
content of an education program, but assists in understanding the 
organization and general content issues. 

General implementation guidelines critical in bringing about 
successful results include: 

1. All management and hourly employees must participate (Melnik 

2. Accept that this is a process, not a program (Melnik 1995). 

3. Education is the underlying force that moves all successful 

4. Interaction is required. A lecture and listen format will not 

5. Suppliers, insurance carriers, and medical providers must 

The material handling content is fairly standard across the pro- 
grams. Delivery of the information is not. The delivery needs to be 
captivating and immediately applicable. 

Figure 15-2 shows the results of Saunders’ et al. (1995) study of 
the impact of employee back injuries on lost work days in a rural 
nursing home. Back injuries were reduced from 705 in 1990 to only 
39 in 1991, following intervention. This represents a decrease of 
666 days, a 95% reduction in back injury lost work days (Saunders 
et al. 1995). 

The fear of education producing an injury epidemic is a legiti- 
mate concern. If information is provided that has minimal verbiage 
on how to procure the injury, minimal medical jargon, and a focus 
on taking responsibility for one’s own health through prevention 
techniques, this will not occur. 

A 40% decrease in lost work days was reported by Melton in a 
study of eight different industries. “Although an increase in the 
reports of lower back pain was noted, those reporting showed an 
86% reduction in lost time days” (Saunders and Saunders 1995). 

1995; Saunders and Saunders 1995; Saunders et al. 1995). 

There is a beginning point, but no end. 

programs forward. 

bring about the desired outcomes. 

participate in the process. 
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Reported Back Injury Statistics 
Before and After Intervention 
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Figure 75-2 Chart shows dramatic decline in employee back injuries in just one year 
due to  interventions by the employer in a rural nursing home. 

As with all programs, it is important to call on references to con- 
firm the legitimacy of the consultant's claim. An expected cost-to- 
benefit ratio should be written up between the buyer and the seller of 
the program. Outcomes can then be tracked and reported against it. 

ERGONOMICS 
Ergonomics is covered in greater detail throughout this book. It 

is of critical importance to acknowledge ergonomics as one of the 
areas of impact for preventing back injuries. 

Manual lifting may save the cost of an automated piece of equip- 
ment. But the money spent on medical care, workers' compensa- 
tion premiums, and lost work days might very likely pay for the 
purchase of a newer technology, which could be responsible for 
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decreasing costs in the future, while increasing productivity 
(Aders 1996). 

EXERCISE 
On-the-job exercise programs can be an important component 

of a back injury prevention program. Many of the issues relating 
to establishing an exercise program are covered in the section on 
fitness. The goals of a well-organized program, with high partici- 
pation, are to control fatigue, increase strength, improve flexibili- 
ty, build endurance, stimulate blood flow, reduce stress, and offer 
reverse positions for the body. 

Frequency and Structure 
Stretching and other fatigue control exercises have the greatest 

results when performed at intervals or points in time that are easy 
for employees to remember. These include just prior to starting 
work and at close of day, immediately after break or lunch, and 
after completing a work cycle, such as after loading each pallet. 
Saunders supports the philosophy that in companies with 200 or 
more employees, there should always be someone stretching, or in 
some form of exercise, at any point in time (Saunders et al. 1995). 

Exercise programs have typically been structured around group 
activities. Exercise programs should be based on data gathered 
during the hiring process, especially through job placement assess- 
ment. Some companies offer audit assessments on an annual ba- 
sis. This provides the company and the worker with data for 
participation decisions in fitness or exercise programs. 
FITNESS 

A well-run, well-promoted employee fitness program is a sound 
corporate investment in health care. Fortune 500 companies com- 
prise a major share of the companies with physical fitness pro- 
grams. This is in contrast to only 75 in 1973. Xerox, IBM, Control 
Data, General Foods, General Electric, Johnson & Johnson, Kim- 
berly Clark, and Prudential Insurance are all offering a wellness 
program (Volski 1995). Fitness programs range in size and content. 
Activities most commonly included in a fitness program include: 

Low impact exercise (minimal joint compression); 
Stretching (increases and improves flexibility); 
Back education for lifting activities (prevents injury); 
Aerobic exercise (cardiovascular); 
Strength and endurance exercises (with or without fitness 
equipment); 
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Walking or running routine (cardiovascular and endurance 
building); and 
Activities and education for weight loss and control. 

Although a fitness or wellness program can be structured in many 

1. Company-operated, in-house. The location of the fitness cen- 
ter is on-site and the individuals operating and instructing 
are employees of the plant. 

2. Company-sponsored, in-house. The location is on-site and the 
individuals operating and instructing are contracted from else- 
where. 

3. Company reimbursed. The location is off-site owned by oth- 
ers and employees are either reimbursed for membership or 
membership is paid by the employer to the facility. 

ways, three common options are (Volski 1995): 

Goals and Benefits 
Goals of the program should be clearly defined and articulated 

in short-term and long-term classifications. Short-term categories 
would include issues such as attendance, exercise increments, and 
frequency of participation in specific programs. Long-term goals 
would include categories such as: 

1. Decreased disability days. Significant reduction in disability 
days was demonstrated by employers when comparing cor- 
porate fitness program participation. The Association of Qual- 
ity Clubs compiled and reviewed the results of several studies, 
summarized in Figure 15-3 (Volski 1995). 

2. Decreased health care costs. General Electric reduced health 
care costs by 38% in 18 months, attributing the changes to the 
inauguration of a fitness program (Figure 15-4) (Volski 1995). 

3. Reduced employee turnover rates. British Columbia Hydro- 
electric found that employees who participated in a company 
fitness program left the company less frequently, as compared 
with the average turnover rate (Figure 15-5) (Benefits of Em- 
ployee Health Programs 1991). 

4. Improved morale and productivity. Figure 15-6 demonstrates 
that morale improved and productivity increased for the fit- 
ness participants at Saatchi & Saatchi Advertising (Volski 
1995). Participants in an exercise program at NASA demon- 
strated improved work performance. Nonexerciser’s efficien- 
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cy decreased during the final 2 hours of the day by 50%, 
whereas exercise adherents worked at full efficiency all day 
(Volski 1995). 

FUN CTI 0 NAL CAPACITY ASSESSMENTS 
Each year nearly 500,000 U S .  workers are unable to resume their 

jobs for long periods of time as the result of injury. Workers' com- 
pensation costs have tripled since 1980, reaching $70 billion per 
year. Knowing a worker's functional capabilities is one of the most 
valuable pieces of information for injury prevention a professional 
can have in the workplace today. The Functional Capacity Assess- 
ment (FCA) is a process that determines an individual's physical 
functional capabilities through measuring, recording, and analyz- 
ing data gathered during a standardized testing procedure. The 
capabilities assessed should include three categories: 
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Figure 75-3 Fitness program returns on dollars invested by various employers. 
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Figure 7 5-4 After inaugurating a fitness program for employees, General Electric 
reduced its health care costs by 38%. 
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Figure 7 5-5 Employees participating in a fitness program at British Columbia Hydroelectric 
averaged a 3.5% turnover rate, compared with the overall average of 70.4%. 
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Figure 7 5-6. Many people claim that an exercise program can lead to increased 
morale and productivity. This was the experience at Saatchi and Saatchi Advertising. 
An exercise program there led to a 75% rise in morale and a 63% increase in 
productivity. 

1. Weighted capabilities includes analyzing an individual’s ma- 
terial handling capabilities, such as lifting at standard heights, 
carrying, pushing, and pulling. Tolerances of posture should 
be included within each of the components. A detailed list of 
components is found in Table 15-1. 

2. Tolerance and endurance assessment should also provide for- 
mulas used to identify specific tolerances to the workday it- 
self. A detailed list of these components is found in Table 15-2. 

3. Validity of participation determinants should be evaluated 
through statistical methods of process and decision science 
(Grossman 1983). 

Determinants for validity of participation have been developed 
by one vendor of FCA equipment and protocols (Key 1984). The 
statistical validation is based upon algorithms using principles of 
science and medicine (Grossman 1983). As an example, certain vi- 
tal signs, such as heart rate, respond predictively as the individual 
approaches and reaches exertion level (Worker Data Bank 1994, 
1995, 1996; Astrand and Ryhming 1954). The delineations of per- 
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Table 15-1. Weighted capabilities formance levels are (Key 1984; 

Lifting desk to chair 
Lifting chair to floor 
Lifting above shoulder 
Carrying 
Pu I I ing 
Pushing 

Table 15-2. Tolerance and endurance 

Balancing 
Bending 
Cervical mobility 
Circuit board tolerance 
Climbing 
Crawling 
Crouching 
Fastener board tolerance 
Fine manipulation 
Firm grasping 
Grip strength 
Keyboard tolerance 
Kneeling 
Reaching 
Repetitive foot motion 
Simple grasping 
Sitting 
Squatting 
Standing 
Stooping 
Tool station work tolerance 
Walking 
Workday tolerances 

Worker Data Bank 1994, 1995, 
1996; Gilliand 1986; Key 1995): 

Valid participation-the indi- 
vidual participated with full 
effort; 
Invalid participation-the in- 
dividual intentionally provid- 
ed less than full effort; 
Conditionally valid participa- 
tion-the results reflect the 
individual’s perception of his 
or her capability even though 
he or she has demonstrated 
less than full capability and 
can physically do more; 
Conditionally invalid partici- 
pation-the individual has 
demonstrated beyond what 
would be considered full, safe 
levels for extended work pe- 
riods. 

FCA PRINCIPLES 
Principles to look for in select- 

ing an FCA include: 
1. It must identify the validity of 

individual participation. 
2. The methodology must be 

consistent from tester to 
tester and test to test. 

3. The equipment must be stan- 
dardized and the same proce- 
dure followed with each 
assessment. 

4. The assessment administrator must be thoroughly trained and 
objective. 

5. The assessment needs to recognize the psychology of the per- 
sonality as well as the kinesiology of the activities (Schmidt 
et al. 1989). There is a growing body of literature supporting 
the theory that there is a relationship between low-back pain 
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and an individual’s psychosociological factors as tested by the 
Minnesota Multiphasic Personality Inventory (MMPI) (Bigos 
et al. 1986). The MMPI also has been able to predict when poor 
response to surgery or conservative care would be the out- 
come (Schmidt et al. 1989; Block et al. 1996), and to predict 
the occurrence of job-related low-back pain (Bigos et al. 1986). 

FCA REPORTING AND OUTCOMES 
Figure 15-7 is a sample report comparing results of the assess- 

ment with the physical demands of the job. The decision maker 
can make an informed, unbiased, nondiscriminating, defensible 
decision relating to the return-to-work of an injured employee. The 
decision process is made easier through the use of a visual display 
of the results, as in Figure 15-8, comparing results with data bank 
norms, job requirements, and norms of uninjured individuals with 
similar profiles. For one to rely on recommendations, the predic- 
tive ability needs to be demonstrated based on a track record of 
return-to-work without re-injury. Through outcome surveys and 
studies, FCAs are becoming increasingly efficient and are able to 
demonstrate predictive capabilities of safe working levels and re- 
sultant reduced risk of injury (Personnel Decisions, Inc. 1994). Key 
(1995) demonstrates a 99% success rate of return-to-work without 
recurrence of injury. 

The primary outcomes that one should be looking for include 
decreased re-injury rates, elapse of time from date of injury to date 
of return-to-work, incidents and costs of litigation, and time spent 
by management. The State of Colorado studied the impact of FCAs 
on shortening the amount of time required for vocational evalua- 
tion of injured workers. Waite (1987) found that including the KEY 
Method FCA resulted in a median of 18 fewer days of rehabilitation, 
which could save the State of Colorado over $200,000 annually. 
FCA STANDARDIZATION 

When looking for an assessment, standardization and validity 
determinants are the primary elements of defense against the oc- 
currence of litigation. One of the standardized systems maintains a 
complete data bank of all assessments performed (Worker Data Bank 
1994, 1995, 1996). The consistency of assessment results, including 
validity, across the regions of the U.S. was analyzed and is repre- 
sented in Table 15-3. Using two-way analysis by ranks, no differenc- 
es were found (Aitken 1996; Portney and Watkins 1993). Figure 15-9 
demonstrates the consistency of the results of the assessment when 
administered in three different countries: the United States, Cana- 
da, and Australia (Worker Data Bank 1994,1995,1996). 
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Activity Client capabilities 
Workday 8 hours 
Sit-( EF) 7 to 8 hours at 60- 

minute durations, 
regular breaks 
5 hours at 45-minute 
durations, regular breaks 
2 to 3 hours at frequent, 

Stand-( EF) 

Wal k-(EF) 

Physical job requirements 
7 hours 
7 hours at 60-minute 
durations, regular breaks 

5 hours at 60-minute 
durations, regular breaks 
2 hours at frequent, long 

I moderate distances I distances 

Occ 

X 

X 
X 
X 

50 

50 

50 
100 
100 
20 
20 

X 
X 
X 
X 

at all 

Activitv I N  Freq 

X 

25 

25 

25 
50 
50 
10 
10 

Bend/stoop 
Squat 
Stairs 
Crawl 
Crouch 
Kneel 
Balance 
Above shoulder-right 
Above shoulder-left 
Above shoulder-bilat. 
Desk/chair-right 
Desk/chair-left 
Desk/chair-bilat. 
C hai r/f loor-rig h t 
C hai r/f loor-l eft 
Chair/floor-bilat. 
Push 

Carry-right 
Ca rry-left 
Foot-rig ht 
Foot-left 
Hand-simp. grasp right 
Hand-simp. grasp left 
Hand-firm grasp right 
Hand-firm grasp left 
Hand-fine manip. right 
Hand-fine manip. left 
Head/neck-static 
Head/neck-flexion 
Head/neck-rotation I 
Occ = 0 to 2.5 hours (1 -33%) 

occ 
X 
- 

X 
X 

X - 
& 

- 52.8 

52.8 
106.3 
89.1 
17.0 
17.0 

- 
- 
- 

X 

X 
- 

X 
X 
- 

Cont - 

~ ~~ 

Freq = 2.5 to 5.5 hours (34.66%) 
Cont = Over 5.5 hours (67-1 00%) 

0 KEY Functional Assessments, Inc., 1985 

EF = Essential function 
All weiahts listed are in Dounds 

Figure 15-7 This form helps determine if an iniured employee is ready to resume 
work, based on the demands of the job and other factors. 
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Figure 75-8 The decision on whether an injured employee should return to work is crystallized by this type of chart that compares 
results from data bank norms, iob requirements, and norms of uniniured workers. 
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Valid 
Invalid 
Conditionally valid 
Conditionally invalid 

West Central Northeast Southeast 
% % % % 

78 78 78.5 76 
5 3 5 5 

15 17 15 17 
1 2 1.5 1 
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80 - 
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8 40- 

Q) 

+ 
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L 

30- 

20 - 

10- 

0- 
VC Conditionally Conditionally I nc 
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0 KEY Method, August 1996 

lid 

Figure 7 5-9 Consistency of assessment results in three countries. 

Approximately 80% of the population will be afflicted with low- 
back pain at some point during their lives (Wheeler and Hanley 
1995). Proactive strategies for return-to-work should be reflected 
in a prevention focus. 

FUNCTIONAL THERAPY 
The entire economic structure of a company is affected when a 

worker is injured. Injured individuals should receive immediate, 
aggressive, and function-specific care designed and documented 
with a focus on return-to-work. This type of intervention is stan- 
dard procedure when working with athletes. 
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Among the ways to manage the system is to require that all med- 
ical providers support the philosophy of back injury prevention 
and also support a treatment concept of functioddysfunction rather 
than the diagnostic medical model (Smith 1995). This model iden- 
tifies which activities the injured worker is unable to perform, in- 
dicates the therapeutic intervention that will enhance that work 
function, and establishes goals specific to the return of that func- 
tion. A report example might read, “The client is unable to lift 20 lb 
(9 kg) from the floor” as the dysfunction. The functional plan might 
read, “The client will be able to lift 50 lb (23 kg) from the floor 
within eight treatments of physical therapy.” This assures that 
employees are being treated with work goals in mind. 

JOB ANALYSIS 
For injury prevention purposes, it is important to have a detailed, 

function-focused job description. Testing all applicants to the results 
of an objective job analysis assures that the employee has the neces- 
sary physical capabilities to perform the work, while ensuring non- 
discrimination, as all employees will have to meet the same job 
requirements. No biases that may have been inherent in the indus- 
try, no gender, disability, race, or age discrimination, and no biases 
on how tall or big an individual must be are accommodated. If the 
person meets all the criteria of the objective job analysis, he or she 
gets the job. It is clear, objective, and defensible in a court of law. 

Receiving adequate training for a job is important for the suc- 
cess of the employee and the employer. The job analysis is used as 
a guide to design the training and track the progress of the train- 
ees. Injury prevention programs that are brought into the compa- 
ny also should use the job analyses as their basis. Back injury 
prevention programs that can speak to the actual requirements of 
the jobs also will be much more accepted by the employees. 

There are three primary categories to include in a functional job 
analysis. 

1. Job description. 
a. Shift and responsibilities information. 
b. Skill level and qualifications. 
c. Environment information. 

a. List of the physical requirements of the job-lift, carry, 

b. Specific requirements within each physical demand-30 lb 

2. Physical demands. 

crawl, push, pull, sit, etc. 

(14 kg), 60 in. (152 cm), etc. 
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3. Job functions or components. 
a. List of the essential functions of the job. 
b. finctions of the job which are important, but may not be 

classified as essential. 

JOB PLACEMENT ASSESSMENTS 
A job placement assessment (JPA) is an assessment of an individ- 

ual's physical capabilities prior to his or her hire. It provides dra- 
matic cost savings for the company while providing a standardized, 
valid, and defensible means to assess potential job candidates. The 
job placement assessment is administered after the job candidate 
has been offered the position, conditional upon his or her passing 
this final testing (see Figure 15-1). Although less common, some com- 
panies use the JPA as a pre-offer screen to measure all applicants' 
ability. 

The job placement assessment is a form of FCA, covered earlier 
in this chapter. It generally includes lifting at multiple heights, 
carrying, and pushing and pulling. Assessing these functional abil- 
ities in an objective format, consistent with all other applicants, 
and specific to the job, provides data to compare with the job re- 
quirements. It also provides the legal defense should an applicant 
contest the results if denied employment. On-site services may be 
available allowing clear and defensible decisions to be made while 
the job candidate is still on the premises. 

A job placement assessment should follow these principles (Frey 
1995): 

Contain specific, objective, and standardized protocols and 
procedures; 
Components are replications of activities performed on the job; 
The job requirements are based on specific measures of the job; 
Physical performance of the activities is required; 
Standardized equipment is utilized by users; 
A database source for comparison is available; 
The assessment administrator must be neutral and unbiased; 
Outcomes must demonstrate predictability for safe return-to- 
work; and 
The JPA must be proven legally defensible in its history and 
references. 
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JPA OUTCOMES 
Financial savings, decreased time lost, decreased worker injury 

rates, and predictive capability of future injury are the primary 
issues in the following outcome reports. 

Outcome-Case A 
In 1988, a paper manufacturer in Minnesota instituted job place- 

ment assessments to help stem the costs related to workers’ com- 
pensation claims and lost work days. In an analysis 2 years later, 
the experiences of 70 employees hired before the use of JPAs were 
compared to 70 hired after the initiation of administering JPAs. 
Use of the JPAs lowered both lost work days and workers’ compen- 
sation costs (Paper Manufacturer’s Savings with Job Placement 
Assessment Implementation 1990) (see Figure 15-10). 

Comparison of Hirees of a Minnesota Paper Manufacturer 
With JPAs versus those Without 

Lost work days Workers‘ compensation costs 
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Figure 75- 70 Comparison of workers at Minnesota paper manufacturer with JPAs 
versus those without. 
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Outcome-Case 0 
A state transportation authority discovered that job placement 

assessments enabled them to predict if an employee was at risk of 
injury. Of the 36 employees injured from 1985 to 1992, 75% had 
been categorized as at risk by JPAs performed when they were 
hired. Fourteen providers across the state administered the same 
system of JPA. While the analysis was based on relatively few cas- 
es, the results were statistically significant. The chi square for this 
cross-tabulation was 15.4, which was significant at p = 0.00045 (Per- 
sonnel Decisions, Inc. 1994). 

Outcome-Case C 
A major trucking firm used the JPA for two separate hiring loca- 

tions over a continuous 18-month period. Since administering the 
JPA on each candidate and hiring based on the results, the loca- 
tions experienced no new injuries (Worker Data Bank 1994, 1995, 
1996). 

“TOOL BOX TALKS” 
“Tool box talks” may be known as shift meetings, production 

meetings, safety talks, or point meetings. These are brief sessions, 
usually from 5 to 15 minutes long. Initially, the consultant con- 
ducts the meetings, gradually involving supervisors and employ- 
ees in running the sessions. These talks must be scheduled and 
must occur frequently. A message can be initiated in a workshop 
or seminar, but it is critical that interest and momentum be main- 
tained through interaction of the employees. 

The employer needs increasingly more objective information in 
managing an employee group for the prevention of back injuries. 
The complex hiring process and the need for defensibility have 
established the plant manager in a new position of decision mak- 
ing. The tools described in this chapter will assist him or her in 
assuring that those decisions will serve well for productivity, job 
satisfaction, and in the courts, should that be necessary. 
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FIVE DISORDERS 
This chapter presents medical information about specific medi- 

cal conditions that affect elbows, forearms, wrists, or hands (called 
the distal upper extremity). Five specific distal upper extremity 
disorders are discussed. The first is trigger finger and trigger 
thumb, which share many similarities with the second condition- 
de Quervain’s tenosynovitis. The third disorder, peritendinitis, is a 
common diagnosis outside the United States. Lateral epicondyli- 
tis (tennis elbow) is the fourth condition. Last, but not least, is the 
most complicated and controversial of these distal upper extremi- 
ty disorders-carpal tunnel syndrome (CTS). 

The strategy for covering each disorder was based on supplying 
answers to potential questions that supervisors would most likely 
ask. Each section was organized according to the following outline 
topics: 

Normal anatomy and function; 
What is wrong; 
How the condition develops; 
Presentation, symptoms, and signs; 
Who getsit; 
What causes it; 
What is the usual treatment; 
What about an affected worker; and 
What about the work. 
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TRIGGER FINGER AND TRIGGER THUMB 
The formal medical term for trigger finger or trigger thumb is 

stenosing tenosynovitis of the digits. “Stenosing” means that a struc- 
ture is abnormally narrowed. “Tenosynovitis” means inflammation 
of a tendon sheath. Thus, the term means that a tendon sheath has 
narrowed. Many tendon sheaths located throughout the body are 
susceptible to stenosing tenosynovitis. When stenosing tenosyno- 
vitis affects the tendon sheath of one of the fingers, the condition 
is called trigger finger. When it affects the thumb, it is called trig- 
ger thumb. 
Anatomy and Function 

The muscles that bend or flex the fingers and one of the mus- 
cles that flex the thumb are located on the palm (volar) side of the 
forearm. The tendons that connect the ends of these muscles to 
the bones in the fingers are shaped like cords. For each finger, there 
are two flexor tendons that run together along the palm side of the 
finger. The anatomy for the thumb is similar. 

The tendon sheath is a tubular balloon-like structure filled with 
a low viscosity fluid (synovial fluid) that reduces friction. Imagine 
the cords (tendons) pressed into the balloon (the tendon sheath) so 
that the balloon surrounds the cords. When the cords move back 
and forth, the fluid inside the balloon reduces friction. 

The tendon sheath has a series of ligamentous coverings, called 
pulleys, looping around the tendons, holding them close to the 
bones and joints. If you were on the tendon looking toward the 
pulleys, you would see tunnels with the underlying bone as their 
floor. Pulleys make up the walls and the roof of the tunnels. Stenos- 
ing tenosynovitis is a disorder affecting one of these tunnels, spe- 
cifically, the tunnel formed by the A1 pulley. 

What is Wrong? 
With trigger finger or trigger thumb present, the A1 pulley ap- 

pears thick and fibrous. As the pulley thickens, it reduces the cross- 
sectional area of the tunnel (stenosis). When the tunnel becomes 
too narrow, the tendons no longer move freely through the tunnel. 
Since the flexor muscles are stronger than the extensor muscles, 
people are usually able to flex the digit, but have difficulty extend- 
ing it. The result is snapping or locking (called triggering) that oc- 
curs when the flexed finger or thumb is straightened. 

How Does it Develop? 
Current theory suggests that the A1 pulley thickens because it 

is adapting to repeated or prolonged tension by the flexor tendons. 
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This tension is primarily related to the degree of bending of the 
joint and the degree of tension (also called loading) in the tendon, 
such as “loaded tendons turning corners.” Maximum tensions in 
the A1 pulley appear to occur when the joint at the base of the 
finger is extremely bent. At this time, it is unknown how high pul- 
ley tension must be, how many times it must be experienced, or 
how long it must last before the A1 pulley begins to thicken. 

Presentation, Symptoms, and Signs 
For most people, trigger finger or trigger thumb develops grad- 

ually, but some cases may follow acute trauma. Snapping, locking, 
or pain when extending a flexed finger or thumb are the most prom- 
inent symptoms. The snapping sensation may be barely percepti- 
ble without any actual triggering, or it may be painful, especially 
when a triggered digit is forcefully extended. The triggering and 
pain are limited to an area in the palm where the digit joins the 
hand, the level of the outermost skin crease in the palm for the 
long, ring, and little fingers. Some people report more difficulties 
in the morning compared to other times. It may be possible for an 
examiner to feel a nodule on the tendon in the region of the A1 
pulley as well as a clicking or snapping sensation with movement 
of the digit. 

Who Gets It? 
Trigger thumb often occurs in children below 6 years of age. Both 

trigger thumb and trigger finger usually occur in adults above 40. 
Trigger finger is more common among women than men. 

Some people have multiple affected digits. The thumb is the 
most commonly affected digit, followed by the long and ring fin- 
gers. The index and little fingers are rarely affected. Some people 
with trigger finger or trigger thumb also have other disorders about 
the hand or wrist. Several studies report that trigger finger or trig- 
ger thumb are more common among people with diabetes. 

What  Causes It? 
The exact cause of trigger finger or trigger thumb is unknown. 

Most knowledge on the subject comes from observations made by 
health care professionals who have treated the condition. Howev- 
er, these observations may or may not be correct. 

The occurrence of trigger thumb in children suggests a congen- 
ital factor (present from birth) for those cases. Among adults, a 
single episode of trauma may account for some cases, but the most 
common observation points to constant use of the thumb, often 
described as prolonged overstraining or chronic trauma. 
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In addition to observations made by health care professionals, 
there are scientific, epidemiological studies examining the rela- 
tionship between work and disorders of the elbow, forearm, wrist, 
and hand. In general, these studies suggest that exertional work 
demands (intensity of exertion, duration of exertion, frequency of 
exertion, etc.) are the most important factors. 

What Is the Usual Treatment? 
Corticosteroid injection, with or without splinting, is usually the 

treatment of choice. Up to three injections are recommended for 
the initial management of nonlocking digits for patients at least 10 
years old. Surgery is recommended for children under 10 and for 
any patients with locked digits. Surgery involves making an 
incision in the palm over the area of the A1 pulley, then cutting the 
pulley. The edges of the pulley are not sewn back together, with 
free edges growing back together so that the tunnel is enlarged 
and free finger movement returns. 

What About an Affected Worker9 
If a worker with trigger finger or trigger thumb is treated con- 

servatively with corticosteroid injections, no functional limitations 
are expected. If the affected digit is splinted, however, splints can 
interfere with grasping, pinching, or pressing with the digit. If sur- 
gery is involved, the incision should be kept clean, dry, covered, 
and free from localized compression or trauma. Since the incision 
is in the palm, firm gripping or pressure on the palm would not be 
recommended for a few weeks. Most people return to work on their 
regular jobs without permanent restrictions or disability. 

What About the Work? 

cise. There are, however, several indicators that may be helpful. 
Determining when a case is work related is neither easy nor pre- 

1. If several individuals performing the same job develop trig- 
ger digit or other conditions involving the elbow, forearm, 
wrist, and hand, then the job may be part of the problem. This 
is especially true if workers develop trigger finger or trigger 
thumb of the same digit(s) repeatedly. 

2. Epidemiological studies suggest that a job’s exertional de- 
mands determine its potential to afflict workers with these 
types of disorders. Exertional demands can be estimated us- 
ing a job analysis method called the Strain Index. It involves 
calculating a score based on six factors: intensity of exertions; 
duration of exertions; frequency of exertions; posture of the 
hand and wrist; speed of the work; and duration of the task 
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(or job) per day. If the Strain Index score is above 7, the job 
probably contributed to the condition. Jobs with scores below 
5 are generally not related to the development of such disor- 
ders. By modifying one or more of the six factors in the Strain 
Index, it may be possible to reduce the exertional demands of 
the job to a point that the Strain Index score is less than 5. 

3. Prolonged flexion of the joint connecting the affected finger 
or thumb to the hand (the metacarpal-phalangeal or MP joint) 
might contribute to the development of trigger finger or trig- 
ger thumb, such as when a worker constantly holds a tool or 
object with a tightly closed fist. Reducing the degree of joint 
flexion or the duration of holding time might be helpful. 

4. Localized compression in the area of the A1 pulleys also might 
be a factor and should be eliminated. Such a circumstance 
can occur when a square-handled screwdriver is grasped firm- 
ly. The edges of the handle could dig into the palm near the 
A1 pulleys of some fingers. 

DE QUERVAIN’S TENOSYNOVITIS 
De Quervain’s tenosynovitis is a disorder very similar to trigger 

finger and trigger thumb. It is also a form of stenosing tenosynovi- 
tis, but occurs along the thumb side of the wrist instead of the palm 
side of the finger or thumb. 
Anatomy and Function 

Most muscles that control the wrist and fingers anchor at the 
elbow or on the forearm bones. The tendons that connect these 
muscles to the bones out in the wrist and fingers are, like the fin- 
ger flexor tendons, shaped like cords. As these tendons cross the 
wrist joint, they enter tunnels whose floors are formed by the bones, 
and whose walls and roofs are formed by ligaments (the wrist liga- 
ments are called retinacula). On the back side of the wrist (the same 
side as the back of your hand), the tendons crossing the wrist pass 
through six tunnels called the six dorsal compartments. The first 
dorsal compartment is on the thumb side of the wrist. Using med- 
ical terms, de Quervain’s tenosynovitis is stenosing tenosynovitis 
that affects the first dorsal compartment. 

The tendon sheath for the first dorsal compartment is located at 
the end of the radius-the forearm bone on the thumb side. W o  
muscles that control the thumb, the abductor pollicis longus (APL) 
and extensor pollicis brevis (EPB), originate on the shaft of the 
radius in the forearm. The APL inserts on the back side of the first 
metacarpal bone (the bone that runs between the wrist and the 
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thumb) just beyond the wrist. The EPB inserts on the back side of 
the proximal phalanx of the thumb (the first bone forming the shaft 
of the thumb) just beyond the MP joint (at the base of the thumb). 
These two muscles control the position and orientation of the thumb 
so the thumb can be used to grip, pinch, or press. These tendons 
normally glide freely through the tunnel of the first dorsal com- 
partment. 

What Is Wrong? 
Like trigger finger and trigger thumb, the primary change in de 

Quervain’s tenosynovitis is that the tunnel (the retinaculum) is 
narrowed because it is thickened. F’unctional impairment is believed 
to be caused by impaired gliding of the tendons within the tunnel. 

Why Did It Develop? 
It is generally believed that, like trigger finger and trigger thumb, 

the changes related to de Quervain’s tenosynovitis result from load- 
ed tendons turning corners. The APL and EPB tendons are loaded 
whenever the thumb is used. These tendons turn a corner when 
the wrist or thumb are bent, often resulting from the use of a man- 
ual screwdriver. 

Presentation, Symptoms, and Signs 
The onset of de Quervain’s tenosynovitis is usually gradual, with 

the most common symptom being pain localized to the thumb side 
of the wrist. The intensity of the pain varies, but it may be severe 
enough to keep the victim awake at night. It also increases with 
pinching, grasping, sticking the thumb out to the side (the hitch- 
hiking signal), and bending the wrist toward the little finger. The 
pain may become severe enough to render the hand useless. There 
may be slight swelling at the thumb side of the wrist, and some- 
times painful ranges of motion of the wrist and thumb. Firm touch- 
ing may result in tenderness at the thumb side of the wrist. There 
should be no sensation of creaking (called crepitus), because it sug- 
gests a different disorder (called peritendinitis). Stretching or con- 
tracting the APL or EPB muscles increases the pain. A maneuver 
called Finkelstein’s test is the most characteristic physical sign. 
This test involves grasping the thumb with the fingers, then bend- 
ing the wrist toward the little finger. Increased pain along the thumb 
side of the wrist indicates a positive test. 

Who Gets It? 
De Quervain’s tenosynovitis primarily affects women (gender 

ratio approximately 10: 1) between the ages of 35 and 55 years. There 
is no predilection for right versus left side or difference by race. 
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What Causes It? 
The exact cause of de Quervain's tenosynovitis is unknown. Most 

knowledge comes from observations made by physicians who 
treated people with the condition. These observations help provide 
perspective on factors likely to cause de Quervain's tenosynovitis. 
They do not predict at which point these factors might cause the 
condition. 

There is no apparent cause for some cases. As many as 25% may 
be related to blunt trauma, such as being struck on the forearm; 
falling down stairs; sudden wrenching of the hand; and falling on 
the tip of the thumb. Overexertion of the thumb and using the 
thumbs a great deal are commonly mentioned circumstances. Ex- 
amples of such activities include operating a buffing machine, fit- 
ting rubber rings on a pipe, typewriting, piano-playing, sewing, 
knitting, weaving, and cutting. Firm grasp combined with move- 
ment of the hand in a radial direction, as in wringing clothes, may 
be important. The tendons may turn almost 90" at the wrist when 
being used for strong, unremitting, or repetitive pinching, grasp- 
ing, pulling, or pushing. Such activities come into play when the 
worker operates machine keyboards, sewing machines, lathes, 
drills, presses, grinders, and switchboards. Those at high risk in- 
clude assemblers, inspectors, spot-welders, and order clerks. 

In addition to heavy work, prolonged, monotonous, and tiring 
activity or persistent repetition of an accustomed task beyond the 
point of fatigue also may be factors. Examples of this type of activ- 
ity include prolonged piano-playing; prolonged typing; excessive 
writing, washing, or wringing out of clothes; carrying heavy ob- 
jects; and cutting cloth with heavy scissors. Heavy work is not nec- 
essarily an etiologic factor. 

Repeated unaccustomed activities may be important. Many peo- 
ple start feeling symptoms by the second day of a new job or on 
resuming an old job after a holiday or illness. 

There are no scientific studies in the current literature that fo- 
cus specifically on the cause(s> of de Quervain's tenosynovitis. In 
general, disorders of the hand and wrist are primarily related to 
the exertional demands of the work. 

What Is the Usual Treatment? 
Initial conservative treatment may begin with immobilization 

plus an anti-inflammatory medication. Alternatively, the physician 
may begin with injection of a local anesthetic and long-acting cor- 
ticosteroid with or without immobilization. When conservative 
treatment fails, the next step is surgery, involving an incision on 
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the thumb side of the wrist, then cutting the thickened band that 
forms the tunnel roof (the retinaculum). The edges are left free. 
When the retinaculum heals, the tunnel is less narrow and the ten- 
dons can glide freely. 

What About Affected Workers? 
A worker being treated conservatively for de Quervain’s tenos- 

ynovitis may (or may not) have the thumb immobilized in a splint, 
called a spica splint, that locks the wrist and thumb in one posi- 
tion. If so immobilized, the worker cannot bend the thumb or the 
wrist without encountering resistance from the splint. If a worker 
has surgery, the wound should be kept clean, dry, covered, and 
protected from localized compression and trauma. Splinting may 
last a short period of time. Forceful use or significant bending of 
the thumb is generally avoided for several weeks. 

What About the Work? 
Even though it is generally recognized that de Quervain’s teno- 

synovitis may be related to work, making that determination with 
confidence may be difficult. Some indicators are identical to those 
reported for trigger finger and trigger thumb. 

1. If other individuals performing the same job have developed 
de Quervain’s tenosynovitis or other conditions involving the 
elbow, forearm, wrist, and hand, then the job may be part of 
the problem. 

2. The exertional demands of the job may be the most impor- 
tant and can be estimated using the Strain Index. 

3. Forceful grasping, pinching, or pressing with the thumb, es- 
pecially combined with an awkward position of the wrist or 
thumb, might be a contributing factor. Substitution of grasp- 
ing for pinching; reducing the degree of wrist or thumb devi- 
ation; or reducing the intensity, duration, or frequency of 
thumb exertions might be helpful. 

4. An unaccustomed or unexpected situation, such as a new job 
assignment, increased work hours, a bad shipment of parts to 
be assembled, etc., also may be a factor. 

P ERlTENDlNlTlS 
The myotendinous junction is where the muscle joins its ten- 

dons. It is a specialized anatomical structure whose purpose is to 
transmit the muscle’s tension generated to its tendons. At each 
end of muscle cells, which have finger-like projections that match 
up to similar projections from the tendon, there is a myotendinous 
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junction. To use an analogy from carpentry, the myotendinous junc- 
tion is like a scarf joint. This structure reduces stresses to the cell 
membrane of the muscle cells while maximizing the transmission 
of tension from the muscle to the tendon. 

The myotendinous junction appears to be the structure involved 
in two types of conditions: muscle strains and peritendinitis. Mus- 
cle strains will not be discussed further here. Peritendinitis is widely 
recognized in other parts of the world, but has not been discussed 
in the United States much since the 1940s. It appears that most 
cases of peritendinitis in the United States are mislabeled as ten- 
dinitis or tenosynovitis. 

More than half of the cases of peritendinitis affect the same 
muscles involved in de Quervain’s tenosynovitis, the APL and EPB, 
but the location of the problem is more in the forearm (an inch or 
two toward the elbow) rather than at the wrist. Other commonly 
affected muscles are located on the back side of the mid-forearm. 

What is Wrong? 
The problem, localized to the myotendinous junction, usually 

involves swelling and inflammation. The surfaces of both the mus- 
cle and tendon may be covered with a sticky substance called fi- 
brin. The tendons and tendon sheaths beyond the myotendinous 
junction appear normal. 

Presentation, Symptoms, and Signs 
Pain, aching, soreness, and tenderness localized in the mid-fore- 

arm or a few inches above the wrist are the dominant symptoms. Some 
patients may experience crepitation, a “creaking gate” noise or sen- 
sation associated with movement of the affected structures. The af- 
fected area may be swollen, red, warm, or tender to the touch. The 
affected muscle is usually painful when stretched or contracted. 

Who Gets it? 
Peritendinitis appears to affect men more than women. There is 

no information about the effect of age. It has been suggested that 
peritendinitis often occurs in sedentary people who suddenly be- 
gin to perform more physically demanding activities. 

What Causes it? 
It is generally accepted that peritendinitis develops from fatigue 

and exhaustion of selected muscle groups or direct trauma. Both 
factors lead to swelling, inflammation, and the deposition of fibrin 
around the myotendinous junction. 

Approximately half the cases may be associated with blunt trau- 
ma (contusion). After the acute injury, the person performs his or 
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her usual and accustomed work. Symptoms then appear within 1- 
14 days. Objective evidence of trauma is usually present, for exam- 
ple, ecchymosis, laceration, or abrasion. The blunt trauma may 
occur in the course of employment, followed by customary exer- 
tions while pursuing a sport or hobby. The opposite sequence may 
also occur. 

Approximately half the cases occur in the context of unaccus- 
tomed activity, especially when the activity involves repeated, ste- 
reotypical movements. It has been suggested that inexperienced 
individuals utilize inefficient and overly forceful muscular effort. 
Examples include renewed employment after long lay-offs or as- 
signment to unfamiliar tasks. Small epidemics of peritendinitis 
may be precipitated in workplaces by changes from the normal 
and accustomed routines. There is one story of a flashlight battery 
manufacturing plant that had a history of few cases of peritendini- 
tis in the years prior to 1931. During 1931, demand for the product 
increased, so the employees worked longer and faster. In addition, 
the workers had to modify their usual work methods to accommo- 
date a nonstandard battery size. Within a week, 15 employees de- 
veloped peritendinitis. 

What is the Usual Treatment? 
Rest and immobilization are the most effective treatments. If 

the disorder involves either the APL or EPB, the thumb should be 
placed into a spica splint. Duration of the disability is usually 1-2 
weeks. Disability may be prolonged to one or more months with 
inadequate rest and immobilization. With proper rest and immobi- 
lization, most people recover and return to work without problems. 
There is no surgical treatment for peritendinitis. 

What About an Affected Worker? 
In general, a worker being treated for peritendinitis will have a 

wrist splint and probably take an anti-inflammatory medication. If 
the condition affects the thumb, it also would be immobilized. Force- 
ful exertions, as well as prolonged exertions, even if not forceful, 
should be avoided. Returning to the original job appears likely, but 
easing into the job may be appropriate. 

What About the Work? 
As noted for other conditions, jobs likely to cause peritendinitis 

will probably have a history of affecting several workers with a 
variety of conditions involving the elbow, forearm, wrist, or hand. 
The exertional demands may be estimated with the Strain Index. 
Keep an eye out for factors that could contribute to an unaccus- 
tomed work situation. 
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LATERAL EPlCONDYllTlS 
The medical term for “tennis elbow” is lateral epicondylitis. The 

lateral epicondyle is the bony prominence located on the outer (lat- 
eral) side of the elbow when the arm is held along the side of the 
body with the palm facing forward. There is also a bony promi- 
nence on the inner (medial) side of the elbow, called the medial 
epicondyle. When someone has pain localized to the medial epi- 
condyle, the condition is called medial epicondylitis (also called 
“golfer’s elbow”). Far more common than medial epicondylitis, lat- 
eral epicondylitis has much more published information about it. 

Anatomy and Function 
There are two muscles that primarily stabilize, extend, and de- 

viate the wrist from side to side. The extensor carpi radialis longus 
(ECRL) originates just above the elbow and inserts on the back 
side of the base of the second metacarpal bone (just beyond the 
wrist). The extensor carpi radialis brevis (ECRB) originates prima- 
rily from the bony prominence on the outside of the elbow, called 
the lateral epicondyle, and inserts on the back side of the base of 
the third metacarpal bone (also just beyond the wrist). Whenever 
fingers are used to grasp or pinch, there is simultaneous contrac- 
tion of the wrist extensor muscles. This stabilizes the wrist joint so 
that the wrist does not flex when the fingers forcefully grip or press 
something. 

What is Wrong? 
Pathology of lateral epicondylitis is not precisely known, but the 

ECRB seems the most commonly involved structure. The tendon 
near the origin of the ECRB may appear normal from the outside, 
but usually has some abnormal tissue on the underside. A tear of 
the tendon is sometimes observed. The nature of these changes, as 
well as those observed under a microscope, suggests that some- 
thing is rubbing the tendon’s underside, fraying some of its fibers, 
and the body is trying to repair this damage. 

Presentation, Symptoms, and Signs 
Lateral epicondylitis usually presents as pain to the lateral side 

of the elbow. The onset may be sudden or gradual. The intensity of 
the pain varies. Relatively minor levels may be described as “dis- 
comfort” while more intense levels may be described as “sharp,” 
“severe,” or “lightning-like.” The pain often limits activities of daily 
living (such as lifting a coffee cup or jar), leisure pursuits (garden- 
ing or sports), and work (both heavy and sedentary). There is usu- 
ally tenderness localized at or near the lateral epicondyle. Gripping 
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forcefully, pulling the wrist or long finger back against resistance 
(extension); having the elbow straight (extension) with the fore- 
arm turned inward (pronation) and wrist bent forward (flexion); or 
resisted rotation of the forearm inward (pronation) and outward 
(supination), increases the pain. Elbow extension or forearm pr- 
onation may be limited. Grip strength and wrist extension strength 
may be reduced. 

Who Gets it? 
Despite its common name, tennis elbow, only a small percentage 

(about 5%) of patients with lateral epicondylitis are tennis players. 
The dominant arm is more often affected than the nondominant arm. 
Bilateral lateral epicondylitis occurs, but is relatively uncommon. 

In general, men and women are equally affected. Most cases 
occur between the ages of 35-55 years, with an average of approxi- 
mately 45 years. Lateral epicondylitis appears to be relatively un- 
common among African-Americans. 

What Causes It? 
Why lateral epicondylitis develops is generally unknown. For 

cases that occur following blunt trauma to the elbow, it is believed 
that the trauma injured some of the fibers in the ECRB tendon. 
For nontraumatic cases, it has been suggested that one of the fore- 
arm bones (the radial head) may rub the underside of the ECRB 
tendon. This would most likely occur when the hand grasps an 
object, the elbow is extended, and the forearm rotates (pronates 
and supinates), as when using a screwdriver. Lateral epicondylitis 
does not appear to be a degenerative condition related to aging. 

Direct blunt trauma may account for approximately one third of 
the cases. Unaccustomed repetitive use, related to employment or 
recreation, is commonly noted as a precipitating factor. Repeated 
inward and outward forearm rotation movements (pronatiodsupi- 
nation) with the elbow almost fully extended, as well as unaccus- 
tomed activities involving repeated pronation and supination of 
the forearm against resistance or while the hand maintains a grip, 
have been mentioned as factors. Overexertion, forced extension of 
the wrist, and repeated pronation-supination movements of the 
forearm have also been mentioned. Some occupations reported to 
be subject to lateral epicondylitis include piece-workers, masons, 
gardeners, builders, stevedores, waiters, printers, surgeons, house- 
wives, and painters. 

Scientific studies have not established a clear relationship be- 
tween work and lateral epicondylitis. When lateral epicondylitis 
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appears to be related to work, the exertional demands of the job 
are probably most influential. 

What is the Usual Treatment? 
Conservative treatment usually includes limiting use of the hand, 

avoiding painful activities, and wearing a forearm band. Anti-in- 
flammatory medications are often prescribed, but their effective- 
ness has not been demonstrated. Some health care professionals 
recommend resting the hand in a wrist splint. Ultrasound and la- 
ser treatments have been demonstrated to be ineffective in the 
treatment of lateral epicondylitis. Other physical therapy modali- 
ties have not been critically evaluated. 

Injections of a local anesthetic and corticosteroid are effective 
in many cases. Most people have increased elbow pain the evening 
after the injection, but it usually subsides by morning. Limitation 
of activity following injection is not required. In general, the num- 
ber of injections rarely exceeds three. Improvement is usually ev- 
ident in a few days. 

Surgery is relatively uncommon. When performed, it usually 
involves cutting through the tendon at the lateral epicondyle. Post- 
operatively, the arm is supported by a sling for a few days, then 
active elbow motion is encouraged. Most people return to work 
several weeks after the operation. 

What About an Affected Worker? 
A worker with lateral epicondylitis may do quite well on his or 

her regular job with oral medications or a forearm band. If there is 
pain with forceful gripping, check to see if the elbow is extended 
when gripping. If so, and if possible, redesign the job so the work 
can be done with the elbow flexed closer to 90". Another option is 
to reduce the exertional demands of the job. In particular, look at 
grip force and forearm twisting (pronatiodsupination). 

What About the Work? 
If other individuals performing the same job have developed 

lateral epicondylitis or other conditions involving the elbow, fore- 
arm, wrist, and hand, then the job may be part of the problem. The 
exertional demands of the job can be estimated with the Strain 
Index. For lateral epicondylitis specifically, look for forceful grip- 
ping or forearm twisting combined with elbow extension. 

CARPAL TUNNEL SYNDROME 
Carpal tunnel syndrome is the most complex and controversial 

of the disorders discussed in this chapter. There are controversies 

299 



Ergonomics in Manufacturing 

about diagnostic criteria, work-relatedness, treatment, job place- 
ment during and after treatment, and levels of impairment and 
disability. 

Even though the term carpal tunnel syndrome was not used, the 
first reported case was in 1865. In the late 1800s and early 19OOs, 
the terms tardy median  palsy and partial thenar atrophy were wide- 
ly recognized and reported. Authorities did not describe these con- 
ditions as “oc~upational~~ in the contemporary sense, but they were 
sufficiently thoughtful to report the occupations of their cases. 
Housewives and tailors were commonly affected. Occupational 
neurosis and occupational neuritis were mentioned as conditions 
associated with jobs that involved repeated motions or exertions 
in the 1922 edition of the Department of Labor’s publication Occu- 
pational Hazards and  Diagnostic Signs. In 1947, physicians from 
Britain were the first to explicitly mention the condition’s relation- 
ship to occupation, even though the occupation of five of their six 
cases was “housewife.” The term carpal tunnel syndrome appears 
to have been first used in the 1950s. 

Anatomy and Function 
The carpal tunnel is a tunnel located on the palm of the hand. 

The floor and walls are formed by the carpal bones. The roof is 
formed by a thick ligament, the transverse carpal ligament, that 
begins near the level of the distal wrist crease (the skin crease near- 
est the palm) and extends approximately 1.0-1.5 in. (25-38 mm) into 
the palm. Normal contents of the carpal tunnel include two flexor 
tendons for each of the four fingers (for a total of eight finger flex- 
or tendons), one flexor tendon for the thumb, and the median nerve. 
As in other tunnels, these nine tendons within the carpal tunnel 
are covered by tendon sheaths. 

When tendons are relaxed and the wrist is relatively straight (neu- 
tral), the pressure in the carpal tunnel, called intracarpal pressure, 
is at its minimum value. At extremes of flexion and extension, in- 
tracarpal pressure increases. 

What is Wrong? 
The tendon sheaths covering the nine tendons are often report- 

ed to be thickened, which appears to be related to swelling (ede- 
ma) or scarring (fibrosis) within the tendon sheaths. Inflammation 
does not appear to be involved. The cause(s) of these changes are 
generally unknown and do not appear to differ according to whether 
the condition is believed to be work-related or not. 

The median nerve often looks normal, but individual nerve fi- 
bers inside the nerve may be affected. Most of the individual nerve 
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fibers are covered by an insulation-like material called a myelin 
sheath. At the site of compression, this insulation appears pushed 
off the nerve fiber under the area of compression. Since this insu- 
lation is necessary for fast conduction of nerve impulses, its loss 
contributes to slow or delayed nerve conduction, as measured dur- 
ing an electrodiagnostic test. 

The symptoms of carpal tunnel syndrome are usually explained 
on the basis of impaired circulation to the median nerve inside the 
carpal tunnel when intracarpal pressure is elevated. When intrac- 
arpal pressure is elevated to a relatively high level for a sufficient 
period of time, circulation inside the nerve is stopped. Individual 
nerve fibers begin to spontaneously discharge and produce unusual 
sensations of numbness and tingling (called paresthesias). When 
intracarpal pressure is lowered, blood flow returns, spontaneous 
nerve discharges end, and the paresthesias end. 

Presentation, Symptoms, and Signs 
Excluding acute trauma, symptom onset is usually gradual and 

often related to unaccustomed activity. The dominant symptoms 
are numbness or tingling, called paresthesias. Actual pain or weak- 
ness is uncommon, although intense paresthesias may be report- 
ed as painful. mically, paresthesias affects the thumb, index, long, 
and part of the ring finger, but should spare the little finger. Symp- 
toms may radiate into the forearm, elbow, arm, or shoulder. Usual- 
ly, the paresthesias occurs at night or with static grasp, and is most 
often relieved by changing position or shaking the affected hands. 
There are no reliable physical findings. Electrodiagnostic studies, 
often called nerve conduction studies or EMGs, are the best way to 
confirm the presence of carpal tunnel syndrome. 

Who Gets it? 
Carpal tunnel syndrome typically affects more women than men 

and usually people in the 40-60-year old age range. A significant 
percentage of cases occur in both hands simultaneously, or nearly 
so. There are numerous personal conditions that may contribute 
to a person developing carpal tunnel syndrome. Some of the most 
common include rheumatoid arthritis, diabetes, thyroid disease, 
obesity, and a history of a fractured wrist. 

What Causes it? 
At this time, it is not possible to reliably comment on why carpal 

tunnel syndrome develops in a given person. There are several 
possible mechanisms that might be related to hand usage and nu- 
merous others that would include factors unrelated to hand usage. 
Some of the possible hand usage models include: 
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Thickening of the tendon sheaths inside the carpal tunnel; 
Hypertrophy (enlargement) of the tendons that pass through 
the carpal tunnel; 
Direct pressure on the median nerve by the flexor tendons 
when the fingers are used with a flexed wrist; 
Retraction of some small hand muscles (lumbricals) into the 
carpal tunnel when a tight fist is formed; 
Thickening of the transverse carpal ligament in response to 
tension from “loaded flexor tendons turning a corner” at the 
wrist (wrist flexion); 
Alterations within the nerve secondary to repeated or pro- 
longed episodes of elevated intracarpal pressure; and 
Bruising the median nerve within the carpal tunnel secondary 
to direct trauma or using the palm of the hand as a hammer. 

Which of these models is correct, if any, is currently unknown. 
The exact cause of a particular person’s carpal tunnel syndrome 

is very difficult to identify. Approximately 40% of cases are idio- 
pathic, meaning no identifiable cause. The work-relatedness of 
carpal tunnel syndrome is even more controversial. Some state that 
it either is not, or has not been proven to be, related to work. Oth- 
ers state that the work-relatedness of carpal tunnel syndrome is 
beyond debate. The truth is probably somewhere in the middle. 

Discussion and analysis of the relevant epidemiological litera- 
ture on the subject of the work-relatedness of carpal tunnel syn- 
drome is beyond the scope of this chapter. The following comments 
summarize this information. 

1. There is evidence that some cases of carpal tunnel syndrome 
are associated with some types of work. However, current stud- 
ies neither prove nor disprove whether these types of work 
cause the cases of carpal tunnel syndrome. 

2. When carpal tunnel syndrome appears related to work, it oc- 
curs in the context of comorbidity, that is, carpal tunnel syn- 
drome is not the only observed disorder and typically accounts 
for only a small percentage of the elbow, forearm, wrist, or 
hand disorders associated with such jobs. By contrast, when 
there is only an isolated case of carpal tunnel syndrome, the 
job may not be an important factor. 

3. The exertional requirements of a job (temporal pattern and 
intensity of exertions) appear to mediate the increased risk of 
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having or developing a disorder about the elbow, forearm, 
wrist, and hand, including carpal tunnel syndrome. The role 
of wrist posture and type of grasp are questionable. Vibration 
per se is not a factor, but the exertional demands related to 
using vibrating tools is important. The temporal characteris- 
tics of jobs alone do not adequately characterize the risk of 
developing an upper extremity disorder. 

What is the Usual Treatment? 
With rare exception, people with carpal tunnel syndrome should 

be given a trial of conservative treatment for several weeks or 
months before surgery is considered. Wrist braces are often rec- 
ommended for use during sleep. At work, however, wrist braces 
may hurt more than help. Anti-inflammatory medications and phys- 
ical therapy are often prescribed, but there is no scientific basis to 
confirm or refute their effectiveness. At this time, vitamin supple- 
ments do not appear to be indicated. Corticosteroid injections ap- 
pear to help people with carpal tunnel syndrome approximately 
half of the time. 

If conservative treatment fails, surgery is generally effective. 
Since there are many medical conditions that can cause paresthe- 
sias in the hands, confirmation of the diagnosis with an electrodi- 
agnostic study is recommended prior to surgery. Surgery can be 
expected to relieve numbness and tingling, but not necessarily oth- 
er symptoms, such as pain. The surgical technique may be the tra- 
ditional open release or the more recently developed endoscopic 
technique. Several factors influence the choice of technique. Re- 
gardless of technique, the operation involves cutting the ligament 
that covers the carpal tunnel. 

What About an Affected Worker? 
A worker with carpal tunnel syndrome suspected to be related 

to work should be assigned jobs or tasks that place less stress on 
the hands. One goal is to reduce the occurrence and severity of 
symptoms. In general, this means performing work that involves 
less forceful, less frequent, or less prolonged use of the fingers. 
Bad hand or wrist postures should be avoided. Use of the hand as a 
hammer should be avoided. For workers who develop carpal tun- 
nel syndrome while working on a problem job, it is possible, but 
unlikely, that they will do well if returned to that job. In that cir- 
cumstance, it is recommended that the job be analyzed and, if pos- 
sible, modified. 
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What About the Work? 
Even though it is difficult to determine the work-relatedness of 

an individual case of carpal tunnel syndrome, some of the indica- 
tors mentioned earlier should be considered. 

1. If other individuals performing the same job have developed 
carpal tunnel syndrome or other conditions involving the el- 
bow, forearm, wrist, and hand, then the job may be part of the 
problem. 

2. The exertional demands of the job can be estimated using the 
Strain Index. 

3. Beware of circumstances where workers may press or hit ob- 
jects with the palms of their hands. Either eliminate the task, 
provide a tool, or consider a glove that provides padding to 
the palm. 

4. Look for a circumstance of unaccustomed work, such as a new 
job assignment, increased work hours, increased productivi- 
ty, or bad parts. 
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WHAT ARE CTDS? 
Cumulative trauma disorders (CTDs) are soft tissue disorders 

that affect many workers who perform repetitive industrial jobs. 
Other terms used for these disorders include “repetitive trauma 
disorders” (RTDs) and “repetitive strain injuries” (RSIs). The US. 
Department of Labor (USDL), Bureau of Labor Statistics (BLS) clas- 
sifies CTDs as “Disorders Associated with Repeated Trauma,” fur- 
ther described as “conditions due to repeated motion, vibration, or 
pressure, such as carpal tunnel syndrome, noise-induced hearing 
loss, synovitis, tenosynovitis, bursitis, and Raynaud’s phenome- 
na” (USDL 1986). The soft tissues involved most often include ten- 
dons and tendon sheaths, muscles, and nerves of the upper 
extremities (limbs). CTDs can result in significant suffering, vari- 
ous costs, and decreased productivity and product quality. There- 
fore, it is important that management take a proactive role in trying 
to eliminate, or at least minimize these disorders. 

Although the exact causes of CTDs are sometimes difficult to 
ascertain, risk factors associated with them are fairly well identi- 
fied in the literature. In addition, several approaches are available 
to assist the safety/ergonomics specialist in implementing an ef- 
fective strategy for the identification and control of CTDs. 

CTD INCIDENCE AND COSTS 
There has been a marked increase in the reporting of work-re- 

lated CTDs since the early 1980s. According to the BLS, the num- 
ber of disorders associated with repeated trauma rose from 23,000 
in 1981 to 332,000 in 1994; a greater than 14-fold increase (USDL 
1983; 1995). CTDs represented only 18% of all occupational illness- 
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es in 1981, whereas in 1994 they represented 65% of all illnesses. 
However, it should be noted that the BLS differentiates occupa- 
tional illnesses from occupational injuries. For example, CTDs are 
classified as an occupational illness, whereas low-back pain is clas- 
sified as an occupational injury. However, up to 7% of low-back 
pain related conditions were included in the CTD illness category 
(Brogmus et al. 1996). It should be noted that noise-induced hear- 
ing loss cases are also included in the BLS CTD category. 

In 1994, occupational illnesses represented 7.6% of the total ill- 
nesses and injuries; occupational injuries, 92.4%. Therefore, CTDs 
represented only 4.9% of the combined total of occupational inju- 
ries and illnesses reported by the BLS. 

The incidence rate of CTDs varies across different industries. 
According to 1993 BLS statistics, the overall industry rate of CTDs 
was 0.383 cases/100 workers; while the highest rates were in the 
meat-packing industry (12.99 cases/100 workers), knit underwear 
mills (8.80 cases/100 workers), auto body manufacturing (8.26 cas- 
es/100 workers), and poultry processing (7.68 cased100 workers) 
(Bureau of National Affairs [BNA] 1995). It should be noted that 
when reporting the incidence of CTDs, BLS calculates the rate 
based on 10,000 person years rather than basing it on 100 person 
years as reported for occupational injuries, thus creating a poten- 
tial for misunderstanding the scope of the disorder (the rates re- 
ported here have been corrected for this problem). 

A study of 1993 upper extremity CTD claims from a private work- 
ers’ compensation insurance carrier found that 78% of the claims 
occurred within goods-producing jobs and less than 11% in indus- 
tries associated with significant use of video display units (VDUs) 
(Brogmus et al. 1996). 

Women represented the majority (65%) of workers suffering from 
CTDs in 1992 according to the BLS (USDL 1994). The majority (71%) 
had worked more than one year with their employer and 87% of 
workers with CTDs were older than 24 years. Carpal tunnel syn- 
drome was the condition most often reported (36%) and it required 
the longest recuperation period of all CTDs-a median of 32 days 
lost compared to a median of 6 days lost per case for all occupa- 
tional illnesses and injuries. 

While there have been many reports of the increased incidence 
of CTDs, it has been difficult to determine their costs because of- 
ten the diagnosis does not associate them with a specific repetitive 
cause. Another study from a large private compensation insurance 
carrier analyzed upper extremity CTD claims from 1989, selected 
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through the use of cause, body part, and injury descriptions. The 
study found that upper extremity CTD cases accounted for 0.83% 
of all claims and 1.64% of all claims costs (Webster and Snook 1994). 
The mean cost per case for upper extremity cumulative trauma 
disorders was $8,070, nearly twice the amount for the average work- 
ers’ compensation claim ($4,075). The median cost per case for up- 
per extremity CTDs was $824, close to five times the amount for 
the median of all compensable claims ($168). The large difference 
between the mean and median costs indicates that upper extremi- 
ty CTD costs are not evenly distributed; a few cases account for 
most of the costs. ’henty-five percent of the upper extremity CTDs 
accounted for 89% of the costs in this study. Almost half of the 
upper extremity CTD compensable claims were for medical expens- 
es only, indicating that many workers were not disabled long 
enough to receive wages for lost time. Medical costs represented 
32.9% of the total costs; indemnity costs, 65.1%. Based on this study, 
it was estimated that the total annual compensable cost for upper 
extremity cumulative trauma disorders in the United States was 
$563 million. 

COMMON CTDs IN INDUSTRY 
A wide variety of upper extremity disorders have been recog- 

nized and classified as CTDs. Putz-Anderson (1988) classified up- 
per extremity CTDs into three major disorder categories: tendon 
disorder, nerve disorder, and neurovascular disorder. Table 17-1 
gives a brief description of common CTDs within each disorder 
category. These disorders have been detailed by Cailliet (1982), 
Armstrong (1983), Kroemer (1989), and Putz-Anderson (1988). It 
should be noted that the list of disorders in the table is not exhaus- 
tive, only the commonly reported disorders are listed. 

As mentioned earlier, carpal tunnel syndrome (CTS) is the most 
reported CTD in industry with the highest average lost work days. 
CTS is a wrist CTD that is manifested by neurological deficits to 
the median nerve in the hand. It is commonly caused by pinching 
or compressing the median nerve and its blood supply as they pass 
through the carpal region of the wrist. 

The following compression mechanisms have been described by 
Robbins (1963): increase in volume of tendons and sheaths, decrease 
in tunnel volume due to deformation, or thickening of the trans- 
verse carpal ligament. The main signs associated with CTS 
include various nervous impairments of the first three and a half 
digits of the hand-thumb, index finger, middle finger, and thumb 
side of the ring finger (Cailliet 1982). Motor nerve impairment includes 
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Table 17-1. Common CTDs under tendon, nerve, and neurovascular disorders 

Tendon disorders Description Symptoms 

Tendonitis 

Tenosynovitis 

Stenosing tenosynovitis 

De Quervain’s disease 

Ganglion cyst 

Lateral epicondilitis (tennis 

elbow) 

Medial epicondilitis (golfer’s 

elbow) 

Rotator cuff tendonitis 

Inflammation of the tendon 

Tendon sheath (covering) 

inflammation caused by 

excessive secretion of synovial 

fluid (tendon lubricant) 

Persistent pressing of inflamed 

sheath on the tendon 

Stenosing tenosynovitis 

affecting tendons of the thumb 

on the back side of the wrist 

A cyst created by the excessive 

secretion of synovial fluid 

Irritation of tendons of the 

finger extensor muscles which 

attach on the outside of the 

elbow 

Irritation of tendons of the 

finger flexor muscles which 

attach on the inside of the 

elbow 

Thickening of shoulder tendons 

Localized pain and discomfort 

Localized pain and discomfort, 

motion-induced pain 

Localized pain and discomfort, 

motion-induced pain 

Localized pain and discomfort, 

motion-induced pain 

Localized pain and discomfort, 

motion-induced pain 

Localized pain and discomfort 

over the outside of the elbow 

Localized pain and discomfort 

over the inside of the elbow 

Localized pain and discomfort, 

motion-induced pain, 

functional impairment 

Nerve disorders Description Symptoms 

Carpal tunnel syndrome Entrapment/pinching of the 

median nerve 

Pain, numbness, and tingling of 

areas of the hand supplied by 

the median nerve 

Pain, numbness, and tingling of 

areas of the hand supplied by 

the ulnar nerve 

Guyon tunnel syndrome Entrapment/pinching of the 

ulnar nerve 

Neurovascular disorders Description Symptoms 

Thoracic outlet syndrome Compression of neurovascular 

bundle as it passes between the 

neck and shoulder 

Pain, numbness, and tingling in 

the fingers of the hand; arm 

numbness; weakened wrist 

pulse 

Finger blanching, pain and 

sensation and control of the 

hand 

Vibration syndrome (Raynaud’s Vasospasm due to cold and/or 

phenomenon, vibration white vibration numbness, and eventual loss of 

finger) 
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reduced motor control and atrophy of the thenar muscles, which 
results in lack of strength in the hand. Sensory nerve impairment 
includes diminished sensitivity to stimulation (hypoesthesia), and 
burning, prickling, and tingling (paresthesia) in the affected area 
of the hand. Autonomic nerve impairment includes loss of sweat 
function, and dry and shiny skin (Armstrong 1983; Cailliet 1982). 

CTD RISK FACTORS 
CTDs can affect workers performing jobs within a wide variety 

of industries, ranging from assembling small electric motors in a 
manufacturing plant to processing customer payments in an elec- 
tric service company. To understand the relationship between work 
activity and CTDs, it is important to first highlight the known risk 
factors related to these disorders. 

Several CTD risk factors have been identified in the literature. 
These factors can be divided into two main classes: physical fac- 
tors and nonphysical factors. The distinction between the two class- 
es lies mainly in the source of the factor. Physical factors commonly 
involve external factors imposed on the individual by virtue of the 
nature of the job (job requirements, job layout, equipment/tools 
used, etc.). On the other hand, nonphysical factors tend to be more 
focused on the personal attributes, behaviors, and capacities of the 
individual. 

Table 17-2 lists the major physical and nonphysical risk factors 
believed to be associatedwith CTDs in industrial settings. The most 
commonly-cited physical risk factors are excessive force and repe- 
titions, and awkward or non-neutral postures (Putz-Anderson 1988; 
Armstrong et al. 1987; Silverstein et al. 1987). Workers can be ex- 
posed to forceful exertions while performing a variety of tasks, such 
as lifting heavy objects or stabilizing a hand tool. These exertions 
require disproportionately high muscle force generation, which 
could lead to reduced circulation and localized fatigue, even at 15 
to 20% of the muscle7s maximum capacity (Kroemer 1989). It is 
common to see jobs in industry where workers repeat the same 
basic task for an entire work shift. Tasks that require excessive 
repetitions may impose high demands on the muscles, creating 
tendon friction that could lead to various tissue disorders (Moore 
et al. 1991). Sustained awkward or non-neutral postures may result 
in pinched nerves and blood vessels and can cause impairment in 
blood circulation. In addition, extreme postures during flexion and 
extension of the wrist have been shown to reduce grip and pinch 
strength capabilities, as well as increase pressure in the carpal tun- 
nel region, possibly contributing to CTS (Armstrong et al. 1991). 
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Table 17-2. Major physical and nonphysical 
risk factors identified with CTDs 

Physical factors Effects Examples 

Excessive force 

Excessive repetition 

Awkward (non-neutral) 

postures 

Vibration 

Extreme temperatures (cold) 

Velocity/acceleration of the 

wrist 

Fatigue, decreased circulation 

Reduced muscle capacity, 

increased tendon friction 

Reduced muscle capacity; 

reduced circulation (static 

postures); increased pressure 

in carpal tunnel; nerve 

pinching 

Neurovascular disturbance 

Reduce tactile sensitivity and 

manipulation ability 

Increased tendon friction 

Hand tool operation; lifting 

heavy objects 

Meat de-boning operation, 

typing 

Typing; carpentry; assembly 

work 

Chain saw/iack hammer 

operation; use of vibrating 

tools 

Meat packing; food 

processing; outdoor work 

during the winter 

Meat packing; light assembly; 

electric wiring 

Nonphysical factors Including Comments 

Individual factors Endocrinological disorder; 

gender; pregnancy; oral 

contraceptives; gynecological 

surgery; wrist size and shape 

Psychosocial/organizational Motivation; personality; peer 
factors support; iob satisfaction; 

production pace; work/break 

schedules; management/ 

worker relationships, etc. 

Special attention to these 

factors should be paid 

especially if physical risk 

factors are present 

Special attention to these 

factors should be paid 

especially if physical risk 

factors are present 

Furthermore, it has been speculated that extreme ulnar deviation 
of the wrist may trigger de Quervain’s disease (Tichauer 1966). 

Working under extreme temperatures, especially cold, can af- 
fect the tactile sensitivity of the hand and reduce its manipulative 
ability. For example, lower skin temperature could result in in- 
creased forcefulness of exertions to compensate for loss of tactile 
sensitivity. This could further magnify CTD symptoms. Therefore, 
it is important to pay special attention to operations performed 
under cold temperatures, particularly when other CTD risk factors 
are present. Exposure to vibration can lead to nerve disorders, usu- 
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ally affecting the ability of workers to perform their tasks (Arm- 
strong et al. 1987). Recent studies have also shown that dynamic 
motion (velocity and acceleration) of the wrist may be related to a 
history of hand-wrist CTDs in highly repetitive hand-intensive 
manufacturing jobs (Marras and Shoenmarklin 1993). 

In some instances, nonphysical and physical factors receive al- 
most equal attention in relation to CTDs in industry. Traditionally, 
the focus of nonphysical factors has been on individual traits such 
as gender, endocrine disorders, and gynecological issues. Individ- 
ual factors may play an important role, especially for workers who 
perform jobs with known physical risk factors, since this may in- 
crease their risk of developing a CTD. Recently, there has been 
increased interest in the role of psychosocial and organizational 
factors in work-related CTDs. These factors include issues such as 
job satisfaction, employee-employer relationship, social support, 
and production schedules. Although these factors have not been 
linked to CTDs in industry, they may act as magnifiers for existing 
physical factors and should not be overlooked. This is especially 
true in the case of work-rest schedules where proper break design 
(frequent, short-duration breaks) could reduce the risk of sustained 
exertions (Swanson and Sauter 1989). In addition, hormonal stress 
can lead to increased muscle tension beyond the muscle forces re- 
quired to perform the job. Job-induced stresses have been postulat- 
ed to produce a variety of responses from the exposed individuals, 
including a wide range of emotional (adverse mood states), physio- 
logical (increased heart rate), and behavioral (absenteeism) responses 
(Smith and Carayon 1996). 

The strength of the association between a given risk factor and 
CTDs varies widely, and depends on the factor considered and the 
specific situation at hand. In addition, these factors do not usually 
operate independently of each other. Many of them act synergysti- 
cally and their combined effect is expected to be more detrimental 
than the sum of their individual effects. Hence, one factor’s impor- 
tance may be greatly influenced by the presence or absence of oth- 
ers. For example, the effect of performing a forceful task with the 
hand can be altered depending on the adopted hand posture or 
task frequency. 

SU RVEl LLANCE METHODS 
To identify the existence of or potential for CTD risk factors, 

different “surveillance” methods are available. Surveillance con- 
sists of the periodic collection and analysis of data to determine if 
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health and safety problems exist (and the extent of any existing 
problem), or if risk factors are present. Surveillance can be per- 
formed for an entire company (multiple plants), a given plant, cer- 
tain jobs, or classes of jobs within a plant. While these activities are 
often done in response to increased awareness or reporting of cer- 
tain problems, such as CTDs, they should be performed on a regu- 
lar basis in a proactive manner. When used proactively, surveillance 
activities have the potential to provide early recognition of prob- 
lem jobs or tasks so that ergonomic solutions can be implemented. 

Surveillance activities are usually classified into passive and 
active surveillance. Passive surveillance includes activities that use 
existing data; active surveillance, on the other hand, involves col- 
lecting data at the workplace. Relevant data that may be collected 
include exposure data for various risk factors, checklists, worker 
interview data, and medical examinations. 

PASSIVE SURVEILLANCE 
Passive surveillance is typically less expensive and less time 

consuming than active surveillance because the data already ex- 
ists. The sources of information include the OSHA 200 Log and 
Summary of Occupational Injuries and Illnesses, OSHA 100 Sup- 
plementary Record of Occupational Injuries and Illnesses, dispen- 
sary logs, plant medical records, workers’ compensation records, 
safety and accident reports, transfer requests, grievances, and pay- 
roll records (Hagberg et al. 1995; Putz-Anderson 1988). Availability 
of the different types of data will vary from plant to plant. 

Once the relevant forms are collected, the data needs to be ex- 
tracted. Putz-Anderson (1988) recommends that the minimum in- 
formation include: 

The total number of CTD cases reported; 
The date each case was reported; 
The department or job of each injured worker; and 
The number of workers on the same job or in the same de- 
partment. 

A factor that can be useful for calculating incidence rates is the 
number of hours worked by all employees in the previous year, or 
several years if workers are doing the same job for that long. If this 
information is not available, it is generally assumed that a full- 
time worker works 2,000 hours per year. The incidence rate is cal- 
culated as follows: 
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Number of new cases x 200,000 hours 
Number of hours worked Incidence rate = 

The incidence rate calculation yields a value based on units of 
cases per 100 workers per year. The denominator is the total num- 
ber of hours worked by all employees during the observation peri- 
od (usually a year). As mentioned, the group of workers could be 
all workers in a plant or workers in specific jobs or departments. 
Usually, the calculation would be done for each job or department 
so that the surveillance effort yields specific information concern- 
ing where interventions should be directed. According to Putz- 
Anderson (1988), a plant-wide rate of six cases per 200,000 hours 
worked is a reasonable acceptable baseline rate with which to eval- 
uate specific jobs or departments. In contrast, Hagberg et al. (1995) 
recommended that the criteria for no problem existing should be: 
a plant-wide incidence rate less than one per 200,000 hours, less 
than a twofold difference in incidence rates between departments, 
and no-risk factors identified during a walk-through of the plant. 

If all employees worked a full year during the observation peri- 
od, then 2,000 hours can be used to approximate hours worked if 
the actual number cannot be ascertained. However, if the observa- 
tion period is less than one year, ensure that the number of hours 
worked is correct or represents a close approximation. Finally, care 
must also be taken when interpreting incidence rates if the num- 
ber of hours in the denominator is low. For example, if only one 
worker performs a task and is diagnosed with CTS, the incidence 
rate for the task, using one year of exposure, would be 100 cases 
per 200,000 hours, which is most likely a gross overestimation. In 
such cases, active surveillance may be necessary to determine the 
extent of the potential problem. Active surveillance activities are 
not expected to be burdensome due to the small number of work- 
ers doing the specific task or job. 
ACTIVE SURVEILLANCE 

Active surveillance options are more extensive than those for 
passive surveillance. Active surveillance can consist of both work- 
er health and workplace surveillance. The simplest form of worker 
health surveillance is symptom questionnaires which solicit infor- 
mation concerning pain, discomfort, swelling, etc., for each body 
part. Putz-Anderson (1988) and Hagberg et al. (1995) provide ques- 
tionnaires that can be used for such purposes. 
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The next level of worker health surveillance involves activities 
like medical screenings, physical exams, and worker interviews. 
Putz-Anderson (1988) provides illustrations of various tests (for 
example, Phalen’s or Finklestein’s) that can be used. Additionally, 
there has been a recent proliferation of various screening devices 
that measure parameters, such as median nerve latency or vibra- 
tory tactile sensitivity. However, these devices have not been com- 
pletely validated for screening purposes. F’ranzblau et al. (1993) 
found that a self-administered questionnaire soliciting demograph- 
ic information, prior medical history, occupational history, current 
medical status, and symptoms of upper-extremity CTDs was the 
simplest method. Methods such as strength testing, vibration 
threshold testing, and nerve latency tests, contributed little addi- 
tional information. With regard to CTS in particular, motor nerve 
conduction and vibration threshold testing have only limited 
screening value (Grant et al. 1992). 

Finally, another level of active surveillance is workplace risk fac- 
tor assessment. Hagberg et al. (1995) separate active risk factor sur- 
veillance into level 1 (using checklists) and level 2 (job analysis). 

Level 1 active surveillance involves using checklists to survey 
the workplace for apparent CTD risk factors. Such checklists should 
be filled out by a person knowledgeable about the risk factors and 
ergonomics. An example of such a checklist is the one provided by 
Lifshitz and Armstrong (1986). 

Job analysis, or level 2 active surveillance, is the most involved 
aspect of surveillance since it requires measurement of specific 
levels of various risk factors. As described earlier in this chapter, 
the primary risk factors for upper-extremity CTDs are force, pos- 
ture, and repetition as well as cold and vibration for some disor- 
ders. Hagberg et al. (1995) present other possible risk factors, such 
as task invariability, cognitive demands, organizational and psy- 
chosocial factors, and static muscle loading, along with a summa- 
ry of various job analysis techniques. Also, Putz-Anderson (1988) 
provides a technique complete with an example analysis. 

PREVENTION AND CONTROL OF CTDS IN INDUSTRY 
Control and prevention of CTDs in industry can be accomplished 

through two major categories of controls: administrative and engi- 
neering. Administrative controls are worker-focused changes where 
management or medical staff makes an effort to reduce the effects 
of both physical and nonphysical risk factors. 
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Administrative controls usually focus on modifying the func- 
tions of workers through training, job rotation, and job assignment. 
On the other hand, engineering controls are job-focused changes 
where an attempt is made at redesigning the job, equipment used, 
or workplace layout to control CTD physical risk factors (Putz- 
Anderson 1988). 

The successful implementation of any measure or control great- 
ly depends on the commitment and support of three key groups of 
personnel: upper management, design staff, and workers. Upper 
management support is essential since decisions to approve the 
change are usually initiated by this group. Second, the sincere com- 
mitment of the personnel that propose the change can assure its 
successful implementation. Lastly, it is almost impossible to im- 
plement an effective change without including the workers who 
are directly affected by it. Early involvement of workers in a pro- 
posed design is essential since the workers are the most familiar 
with the details of the job and may provide unique perspectives on 
the design’s potential effectiveness and validity (Drury 1987). Chap- 
ter 19, “Managing Work-related Musculoskeletal Injuries,” will ex- 
pand on specific roles of personnel within each of these groups in 
the process of implementing successful controls. 
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Published standards represent, at the most basic level, attempts 
by professionals to achieve consensus on a variety of technical and 
procedural issues, and to communicate these positions to poten- 
tially interested parties. Standards make an important contribu- 
tion to enhancing commerce by allowing manufacturers to 
standardize dimensions and configurations so that components can 
be interchangeable. In addition, standards in the areas of work 
processes and procedures-such as those related to safety and 
health-allow organizations to take advantage of already-developed 
expertise without “reinventing the wheel.” 

DEVE LO PI NG ANSI -2365 
Working within procedures and guidelines provided by the Amer- 

ican National Standards Institute (ANSI), the National Safety Council 
(NSC) is in the process of developing a consensus-based voluntary 
standard dealing with the control and prevention of work-related 
cumulative trauma disorders. The purpose of this standard is to pro- 
vide procedures (principles and practices) by which upper-extremi- 
ty CTDs may be managed. Such procedures include ergonomic 
considerations along with surveillance (identifying several cases of 
CTDs as well the presence of problematic working conditions), med- 
ical management, and training. The proposed standard, ANSI-Z365, 
is still under development as of this book’s publication. 
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THE ANSI ROLE 
ANSI is a private organization that develops both voluntary and 

consensus-based standards. To quote from its own publication: 
“Many standards developers and participants support the Ameri- 
can National Standards Institute as the central body responsible 
for the identification of a single, consistent set of voluntary stan- 
dards called American National Standards” (ANSI 1995). Typically, 
professional and technical organizations act as standards develop- 
ers. ANSI is responsible for providing standardized procedures for 
standard development that ensure principles of openness and due 
process have been followed. It also verifies in each case, that such 
principles have, in fact, been adhered to. When this has been ac- 
complished, the published document is accepted by ANSI as an 
American National Standard. 

At the international level, ANSI serves as the United States 
member of the International Organization for Standardization 
(ISO). ANSI helps facilitate liaison with organizations developing 
international standards and is concerned with harmonizing national 
and international standards efforts. As international trade becomes 
an increasing part of economic life, these relationships take on 
greater and greater importance. 

ANSI standards are sometimes incorporated into official regu- 
lations by governmental organizations, such as the Occupational 
Safety and Health Administration (OSHA). In the case of OSHA, 
this is not an automatic process, but requires public hearings, as 
with any change in regulations. 

THE PROCESS 
In 1990, the NSC, working through ANSI, organized a commit- 

tee to develop and produce the voluntary-consensus standard that 
would come to be known as ASNI-Z365. The participants were or- 
ganized as an accredited standards committee, with Professor 
Thomas Armstrong of the University of Michigan, as chair. Partic- 
ipants were divided into task-oriented subcommittees assigned, 
respectively, to the topics of work analysis and design, surveillance, 
and medical management. By 1995, several drafts had been pre- 
pared and received public comment. 

For a document to be accepted by ANSI as an American Nation- 
al Standard, the process by which the standard was developed must 
have allowed for due process and openness. In particular, standards 
developers are required to ensure that persons (individuals, orga- 
nizations) who have a “direct and material” interest in the outcome 
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of the standards process are allowed to have their points of view 
considered in a fair and open manner. To achieve these goals, ANSI 
specifies several alternative procedural routes. The route chosen 
by the NSC was that of the Accredited Standards Committee. 

THE ACCREDITED STANDARDS COMMITTEE 
The accredited standards committee method is typically used 

when the perspectives of many different interest groups are in- 
volved. It requires that the composition of the voting members of 
the standards committee reflect an appropriate balance of the in- 
terest groups concerned. In the case of 2365, the interest groups 
were initially defined as: 

Academicshesearch institutes (academic researchers); 
Employers (companies or trade associations); 
Employees (unions); 
GovernmentaVregulators (OSHA, National Institute for Oc- 
cupational Safety and Health [NIOSH]); 
Professional societies (representing occupational medicine, 
hand surgery, industrial hygiene, ergonomics, occupational 
therapy, and safety engineering, among others); 
Service providers (ergonomics consulting organizations); 
Insurance companies (in prevention and control roles); and 
Manufacturers/suppliers of ergonomic equipment. 

Later on, it was decided to combine the last three categories into 
a single service category. 

Achieving a Balance 
The initial committee had 38 voting members. A year later, mem- 

bership was capped at 54. The goal in accepting new members was 
to achieve balance among the various categories. The current dis- 
tribution of members is 13 academics, 13 employers, 6 employees, 
3 governmental, 9 societies, and 10 service. 

In addition to voting members (and their alternates), all inter- 
ested individuals may attend meetings as observers. They play 
important roles in drafting materials and providing feedback, but 
they do not have a vote. 

Drafting and Reviewing 
Within the aforementioned structure, consensus is achieved by 

assigning some committee members (and sometimes observers) 
to draft sections of the standards, while other members and ob- 
servers comment and review these sections. On occasion, feedback 
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is requested from a broader audience as well. Responders must 
have a direct and material interest in the standard. 

After each draft has been reviewed, the drafters are obligated to 
attempt to resolve, or at least address, the concerns expressed. When 
a final draft has been approved by ballot, and attempts to resolve 
objections have been made, the draft standard is forwarded to ANSI 
for final approval. 

COMP LlANCE 
An ANSI standard consists of a set of requirements. In the case 

of 2365, these requirements are elements or components of a pre- 
vention or control program. The requirements that form the core 
of ANSI standards are defined at two levels. Statements that use 
the word shall are mandatory requirements, considered fundamen- 
tal and essential in establishing and maintaining a program. 
Statements using the word should reflect nonmandatory recom- 
mendations. These are program elements found to be effective, 
and would be included in a more comprehensive program. 

How compliance is to be carried out is not addressed by ANSI. 
For many technical standards, private sector testing and evalua- 
tion services have been established. Organizations wishing to have 
their product or service certified as compliant may use such ser- 
vices. There is, at present, no movement toward such procedures 
for 2365. Presumably, any assessment of compliance will be car- 
ried out by the organization itself. 

STRUCTURE AND CONTENT 
findamentally, 2365 consists of methods and procedures for 

organizing a prevention and control program for managing CTDs. 
Presently, the core components of the standard include a state- 
ment of purpose and scope, a set of definitions, a discussion of 
compliance, and an overview of the essential program components. 
In addition, there are several supplementary sections that amplify 
and extend material in the core components. The format and orga- 
nization are still under discussion. 

COMPONENTS 
The first three sections of the core components are relatively 

brief. The scope and purpose, as previously stated, provides prin- 
ciples and practices for controlling CTDs that arise from a variety 
of work tasks, including lifting, assembly, and manipulation. This 
version of 2365 is explicitly limited to CTDs of the upper extremi- 
ties. Concerns about other portions of the body-particularly low- 

320 



ANSI-Z365 Standard: Control and Prevention of Cumulative Trauma Disorders 

er back disorders-may be dealt with in a subsequent document. 
Finally, in the process of committee discussions, concerns about 
the lack of specificity of the CTD label itself were expressed. At 
one point, it was proposed that the standard be renamed “Control 
and Prevention of Work-related Musculoskeletal Disorders.” How- 
ever, committee consensus was that, although CTD as a medical 
diagnosis was problematic, it would be confusing to the public to 
change a title already approved by ANSI. Therefore, the term CTD 
was retained. 

Definitions and Compliance 
The definitions and compliance sections of 2365 are short and 

relatively straightforward. The definitions section reflects that, al- 
though 2365 is aimed at individuals with technical training, a vari- 
ety of professional and technical backgrounds are involved in CTD 
control. Thus, terms that are obvious to one professional may be 
unknown to another. The definitions attempted to remedy this prob- 
lem. The compliance section essentially elaborates the distinction 
between shall and should statements. 

Operational Content 
The operational content of 2365 consists of the essential pro- 

gram elements described in the fourth section. There are two ma- 
jor components to this section. The first, entitled “Background,” 
consists of a number of statements that, in effect, justify the stan- 
dard. These statements, resulting from the committee’s literature 
review, assert that, although the causes of CTDs may arise from 
multiple sources, risk factors associated with working conditions 
have been associated with CTDs. Such risk factors may include 
equipment design, work processes, work environment, and work 
organization. F’urthermore, CTDs may often go unreported. 

It is further asserted that general design principles can be de- 
scribed that reduce the risk of exposure to CTDs, however, it is not 
(yet) possible to quantify precise relationships between specific risk 
factors (specific working conditions) and specific likelihood of CTD 
occurrence. Nevertheless, it is possible to develop and implement 
a control program for work-related CTDs. 

Process Component 
The process component contains the program elements them- 

selves. Operationally, three functions must be accomplished. These 
are surveillance, job analysis, and medical management. Each func- 
tion is embedded within an overall organizational structure, which 
includes management responsibility for defining and supervising 
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the program, establishing appropriate training, and ensuring ac- 
tive participation by employees. The last two elements have some 
degree of overlap in that employee education regarding CTDs is 
one aspect of employee participation. 

Surveillance 
Surveillance has two aspects. The first relates to identifying those 

employees who have symptoms of CTDs. This typically involves 
tracking current levels of CTDs, as well as examining records for 
patterns of disorders across the organization. This component re- 
quires that a system of record keeping be in place. A second aspect 
of surveillance relates to identifying work sites that might have 
risk factors for CTD. Such identification might be accomplished 
by job survey procedures. These surveys are proactive in nature in 
the sense that the goal is to find locations where employees are 
potentially at risk. 

Job Analysis 
Job analysis involves an attempt to determine the specific com- 

ponents of risk associatedwith a given job task, and suggests meth- 
ods for reducing that risk. Job analyses are more detailed than job 
surveys. 2365 suggests that the decision to conduct job analyses in 
specific cases be prioritized on the basis of the surveillance find- 
ings. First, priority should be given to jobs with identified cases of 
CTD. Lower on the list of priorities should be work locations where 
job surveys had determined high levels of CTD risk factors. 

The classes of physical stressors to be identified as risk factors 
by job analysis include: force, posture and motion, vibration, and 
temperature. Each of these stressors can, in turn, be characterized 
by four properties. These properties are: magnitude (the extent of 
the stressor), repetition (frequency with which the stressor occurs), 
duration (length of time the stressor is sustained), and recovery 
(length of time during which the stressor is not present). In addi- 
tion, work organizational factors (machine-paced work, close per- 
formance monitoring, overload, time pressure) have been found to 
influence the expression of physical symptoms, and should be in- 
cluded as part of job analyses. All of the aforementioned analysis 
information can be used as a basis for job redesign efforts to lower 
risk factor levels. Kuorinka and Forcier (1995) summarize the liter- 
ature documenting the evidence of work-related CTD symptoms. 

Medical Management 
The final component, medical management, is primarily ad- 

dressed to health care providers and those in the organization who 
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interact with such providers. This section deals with methods of 
medical evaluation, medical treatment and follow-up, and record 
keeping. 

Additional sections of the 2365 standard amplify and expand on 
the basic components. The present draft consists of chapters deal- 
ing with surveillance, job analysis and design, medical manage- 
ment, and training. 

ISSUES AND C O N C E R N S  
The process of achieving consensus regarding a working draft 

of a standard can be complicated, particularly in a group as diverse 
as the members of the 2365 committee. The description of the doc- 
ument reflects current progress toward achieving consensus. How- 
ever, there are still a number of issues remaining. 

There are those who question the basic background assumption, 
discussed previously, of a link between CTD symptoms and work- 
ing conditions (Hadler 1990). Moon (1996) and Sauter and Swan- 
son (1996) provide excellent overview discussions of some of these 
issues. See also Kuorinka and Forcier (1995). 

ADDITIONAL FACTORS 
There is fairly strong consensus that it is not, at present, possi- 

ble to define strong quantitative relationships between specific 
symptom patterns and specific working conditions. This is not sur- 
prising. Most occupational disorders involve a single organ system 
and can be traced to exposure to a rather specific risk factor. For 
example, asbestosis is linked to the presence of asbestos fibers in 
the work environment; hearing impairment is linked to prolonged 
exposure to sounds of a certain frequency and intensity. However, 
the “exposure” in the case of CTDs is to work itself, taking into 
account both its physical and organizational component. But, ad- 
ditional factors outside of work may also play an important role, 
making the potential causal chain much more complex. 

Inadequate Analyses 
The practical consequence of this complexity, with respect to 

creating a standard, is that paradoxically, it is not now possible to 
standardize specific methodologies for functions such as job anal- 
ysis and job surveys. Accordingly, there is considerable discussion 
and disagreement among qualified professionals as to the most 
effective manner of carrying out such analyses. 

For example, in the case of assessment of postural risk, it may 
be recalled that each posture can be characterized with respect to 
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four properties: magnitude, repetition, duration, and recovery. 
Those working postures, which are typically implicated in upper 
extremity CTDs include: headneck angle, trunk angle, right and 
left shoulder angle, right and left forearm angle, and right and left 
wrist angle. A thorough analytic study of working posture would 
require characterizing each of these angles with respect to some 
critical value or range of values for each of the four properties. 
However, the resulting analysis is still inadequate since these vari- 
ables are not independent, but interact with each other. For exam- 
ple, the stress on a bent wrist may be worse if the arm is extended. 
Thus, the interactions among postures also need to be taken into 
account. 

Moreover, the remaining three physical risk factors (force, vi- 
bration, temperature) must be described in terms of their associat- 
ed characteristics. There is also evidence for interactions among 
all four groups of physical risk factors, as well as between physical 
and organizational risk factors. A completely systematic assess- 
ment of all relevant risk factor attributes and their interactions 
would require a procedure so complex as to be completely imprac- 
tical on the shop floor. This would be true even if the data existed 
to carry out such an assessmentwhich it does not. 

More practical solutions to the problems of assessment and anal- 
ysis have been proposed. These are necessarily simplified, reflect- 
ing professionals’ interpretations of existing scientific evidence, 
but tempered by the realities of what is realistically feasible to 
implement. Thus, in the current version of 2365, alternative sur- 
vey and assessment procedures have been suggested, but not man- 
dated. 

In the final analysis, the justification for an imperfect solution 
is that it is better than no solution at all. There is evidence that 
some ergonomic solutions effectively reduce CTDs, despite the lack 
of a precise relationship between exposure and outcome. The cur- 
rent document represents some degree of consensus as to how that 
relationship might be achieved. 

OTHER STANDARDS 
ANSI-Z365 is an important standard relating to ergonomics. 

However, several other ergonomic standards exist or are in progress. 
The Human Factors and Ergonomics Society (HFES), the profes- 
sional society for ergonomists in the United States, is helping de- 
velop three ANSI standards. ANSI/HFES 100-1988 is an approved 
ANSI standard that provides technical requirements for computer 
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terminals and workstations. This standard has been in place since 
1988, and is now being revised. ANSI/HFES 200, currently under 
development, deals with ergonomic considerations in software de- 
velopment. ANSI/HFES 300, also under development, focuses 
on issues of anthropometry and biomechanics. In addition, IS0 
has an extensive series of ergonomic standards in various stages 
of development. The 9241 series relates to work with computers 
and computer workstations. Finally, the American Society for Test- 
ing and Materials (ASTM) is developing an ergonomics standard. 
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TH REE-TI ER SYSTEM 
Work-related musculoskeletal injuries can be managed through 

a three-tier control system, based on the classic epidemiological 
scheme of primary, secondary, and tertiary prevention. Primary 
prevention is proactive in nature, with the goals of preventing the 
occurrence of musculoskeletal injuries and keeping employees 
healthy and on the job. 

By contrast, secondary and tertiary prevention are reactive in 
nature. Secondary prevention measures intervene early, when in- 
jury or illness symptoms first appear, in order to cure, or at least 
slow development. Tertiary prevention is designed to minimize an 
employee’s problems once injury or illness has occurred. Limiting 
sequelae and disability, and promoting patient rehabilitation and 
early return-to-work are the goals of tertiary prevention. To be ef- 
fective in the long run, an ergonomics program created to address 
the problems of work-related musculoskeletal disorders needs to 
function at all three levels. 
WIDESPREAD COMMITMENT 

The long-term success of an ergonomics program depends upon 
the participation and commitment of many different departments 
and individuals within an organization. These include managers, 
human resource personnel, engineers, supervisors, medical spe- 
cialists, safety specialists, and hourly employees. Some companies 
will not have representation from all of these groups on staff. In 
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such cases, individuals are often asked to develop skills or per- 
form functions outside their areas of training, or the company may 
need to hire an external consultant. 

An important factor is that, in a fully-functioning ergonomics 
program, musculoskeletal injuries will be managed through a net- 
work of individuals from all areas within a company, and this sys- 
tem will only be as strong as its weakest component. A failure in 
any area can result in disinterest, frustration, or program failure. 

Each employee must recognize the importance of his or her role 
and follow through on tasks associated with the program. An ef- 
fective management approach to the control of musculoskeletal 
disorders takes advantage of each individual’s duties and skills, 
and integrates them to form the facility’s ergonomics program. By 
aligning an employee’s training and new responsibilities in mus- 
culoskeletal management with his or her experience and talents, 
the increased work load should be marginal, fitting comfortably 
with that individual’s present duties. 

MANAGEMENT’S ROLE 
Managers provide vision for a company. They make decisions 

affecting the organization’s overall performance and long-term 
profitability. Managers should not treat the costs associated with 
musculoskeletal injuries and illnesses as just another “cost of do- 
ing business,” but should provide an appropriate level of commit- 
ment and resources to reduce these costs. They need to be aware 
that costs are not limited to medical costs and other related work- 
ers’ compensation costs (often referred to as direct costs), but can 
also include costs associated with replacing workers. Also, the in- 
experience of new hires can lead to costs associated with reduced 
quality and productivity. Even when those suffering from muscu- 
loskeletal pain remain on the job, there may be costs associated 
with reduced quality and productivity directly related to their pain. 
These indirect costs are often difficult to quantify and require some 
data collection, but when they are considered in conjunction with 
the more direct costs, they impact management’s decision-mak- 
ing process. When managers consider all these costs, they often 
decide that supporting a company ergonomics program to reduce 
the incidence of these injuries and illnesses makes sound busi- 
ness sense. Management commitment is one of two make-or-break 
factors in such an effort, the other being operator involvement. 

One form of management commitment that must be in place at 
all three levels of prevention is simply a highly visible show of sup- 
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port for the ergonomics process and the ergonomics team (a small, 
diverse group of employees charged with carrying out many activ- 
ities within the ergonomics program). Providing everyone in the 
facility with the time and encouragement to participate in the work 
of the ergonomics team and being visible at important ergonomics 
team meetings or other team functions also demonstrates man- 
agement’s recognition of the importance of the work being done. 
Some team members may feel uncomfortable or inadequate when 
faced with the task of performing job analysis and job redesign. 
An expression of support and encouragement from management 
can help these individuals overcome these feelings and free them 
to contribute to the success of the program. 

PRIMARY PREVENTION 

Training 
A large part of the commitment that management must make in 

the primary prevention mode comes in the form of training and 
education, which should be company-wide. Hourly workers need 
to learn about the risk factors and early warning symptoms of 
musculoskeletal problems. Engineers and supervisors must be 
trained in ergonomic workplace design. Although the time that 
these employees spend in training is time away from their usual 
jobs, in the long run many companies have found this to be a good 
use of, and investment in, their human resources. 

Fun ding 
Another type of management commitment comes in the form of 

funds for purchasing tools and equipment designed upon sound 
ergonomic principles. A good example seen in industries every- 
where is the issue of industrial seating. Well-designed chairs are 
not inexpensive, but the advantages and long-term savings from 
this up-front investment can be compelling. Another example 
would be appropriate hand tools. Ergonomically-designed hand 
tools can often cost 50-100% more than those purchased in the lo- 
cal hardware store. However, the cost of one case of carpal tunnel 
syndrome can quickly justify the higher expense of a well-designed 
hand tool. 

Staff Requirements 
A manager needs to assess the current staff and decide whether 

any members can adequately perform their required tasks or if 
contract assistance is required, either part-time or full-time. This 
may include ergonomics consultants or medical management spe- 
cialists (occupational health nurses, occupational physicians, phys- 
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ical therapists, etc.). Recognizing the limitations of current staff 
and contracting with outside help is another form of commitment 
from management. 

Another management function that can affect the ergonomics 
process is negotiating with employees or labor unions. Typically, 
task modifications and the methods used to determine employee 
compensation require some negotiation between management and 
labor. Modifications may include changes in the pacing of lines 
(human-paced versus machine-paced), pay schedules (piece rate 
versus hourly wage), placing limits on maximum piece rates, or 
development of appropriate work and break schedules. 

If a manager understands the musculoskeletal consequences of 
various pacing and compensation strategies, he or she will be better 
equipped to discuss with labor the problems associated with piece 
rate or machine-paced work, and to arrive at a pacing and compen- 
sation strategy that will, in the long run, save the company money 
while reducing the risk of employee musculoskeletal problems. 

SECONDARY PREVENTION 
Management commitment in the secondary prevention mode is 

similar to that in the primary prevention mode, except it calls for a 
more reactive response to existing problems. The allocations of 
funds and time, as well as negotiations with employees, are often 
required at this level. Rather than purchasing new equipment, 
funds for secondary prevention may be needed to modify existing 
equipment. Instead of being allocated for training, time must be 
allocated for engineering redesign. Negotiations with employees 
or unions would focus on how issues could be addressed by alter- 
ing previous agreements or current practices. 

External personnel may be needed to address specific issues 
raised by the current situation. For example, an ergonomics con- 
sultant may be called upon to evaluate a job and make specific 
recommendations based on concerns raised by the operators. An 
existing musculoskeletal problem would provide strong incentive 
to develop such a relationship if there was no formal relationship 
established with a local health care provider. 
TERTIARY PREVENTION 

At the tertiary level, management commitment may require some 
philosophical changes. Unfortunately, some companies will sim- 
ply not allow the existence of light- or alternate-duty jobs. Studies 
have shown that the duration of time spent away from work due to 
injury or illness is inversely related to the likelihood that an in- 
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jured employee will ever return to work. Bringing an employee 
back on alternate duty (as established in consultation with a med- 
ical practitioner) can improve morale and return the employee to 
work in a timely fashion. 

Appropriate compensation is an important issue in establishing 
a light-duty program. Should the employee be compensated at the 
same rate as before the injury? If the employee was on piece rate, 
how should the pay rate be set for the alternate-duty job? The an- 
swers to these questions will often require negotiation and consul- 
tation between management, Human Resources, and labor. If 
handled improperly, this issue can generate friction between em- 
ployees on alternate duty and their peers. However, developing a 
time schedule for leaving the alternate duty can often help allevi- 
ate these problems. 

A change in the methods used to account for work-related mus- 
culoskeletal problems can also aid in the identification of problem 
areas within a facility. Often the costs associated with musculosk- 
eletal injury and illness are buried in the budget of the Human 
Resources department. Why not place costs associated with each 
work-related musculoskeletal disorder on the line or in the depart- 
ment where the injury occurs? This accounting method would show 
that a line that has a high volume of production, but at the cost of 
a high incidence of musculoskeletal injuries, may in fact be less 
productive in the larger sense, and therefore rational modifications 
in production levels may be in order. This is another example of a 
possible philosophical change that may need to be considered when 
addressing the problems of musculoskeletal stress at the tertiary 
level of prevention. 

HUMAN RESOURCES’ ROLE 
The traditional roles of the Human Resources department are 

hiring and firing, dealing with workers’ compensation claims, and 
interacting with outside care providers in cases of accident, injury, 
or illness. This group’s day-to-day appreciation for the human side 
of business makes it an invaluable component in a program to con- 
trol musculoskeletal problems. Human Resources personnel typi- 
cally have the ability to quickly access much of the raw data 
(employment, injury, and compensation records), identifying “hot 
spots” in a facility, and tracking long-term trends in the effective- 
ness of efforts to reduce musculoskeletal injuries. 

Based on relative familiarity with the majority of the work force 
and access to personnel and injury records, a representative from 
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the Human Resources department makes a good addition to the 
plant ergonomics team. That individual can often coordinate the 
composition of the team by helping choose employees who can be 
of the greatest service and influence on the team. He or she can 
also provide timely updates of the number of employees away from 
work due to work-related musculoskeletal problems, as well as the 
number of individuals on alternate duty. 

PRIMARY PREVENTION 
One of the key roles Human Resources can play in the primary 

prevention mode, is to help administer discomfort surveys to the 
employees on the shop floor. Discomfort surveys measure the mus- 
culoskeletal stress of the employees. In contrast to an analysis of 
the Occupational Safety and Health Administration (OSHA) Form 
200 Logs, which document existing injury and illness, discomfort 
surveys allow a company to be more proactive by addressing early 
symptoms, thereby addressing problems before they become OSHA 
Form 200 recordable. Discomfort surveys administered on an an- 
nual basis can be used to examine trends within departments, as 
well as identify those departments in greatest need of help. This 
can be an invaluable method for tracking the effectiveness of an 
ergonomics program. 

The Survey 
An example of a discomfort survey is shown in Figure 19-1 (parts 

a, b, and c). Figure 19-la outlines the type of background questions 
typically asked, including some historical and nonwork-related 
information from the individual, in addition to information about 
the job he or she is currently performing. The issue of the discom- 
fort survey’s anonymity is a sensitive one. Fear of supervisor or 
management reprisal can limit the respondent’s honesty and forth- 
rightness. Therefore, unless there is some overriding reason for 
including respondents’ names, surveys are usually anonymous. 
There does, however, need to be enough information on these sur- 
veys so that the reviewer can identify the specific job or task the 
respondent performs. 

Since many musculoskeletal disorders develop over time, it is 
important to gather data on a respondent’s previous jobs within the 
company, as well as jobs performed for previous employers. Addi- 
tionally, since the importance of adequate rest periods has been re- 
vealed as part of the recovery mechanism of musculoskeletal tissues, 
it also helps to understand the types of activities in which individ- 
uals engage away from their jobs, such as hobbies or second jobs. 
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Ergonomics Discomfort Survey 

Name Date / / 
Building and room # 

Average hours worked/week Hours/day spent at monitor/scope - 

Hr/day standing Do you wear protective/cleanroom clothing? Y - N - 

How many years have you been employed by this company? 

How many years have you been doing your current job? 

Job title 

What other jobs have you done in the past 10 years? Include jobs within this 
company as well as other places of employment. 

When you are away from work what are your hobbies/activities (for example, 
sports, crafts, hobbies, odd jobs, etc.)? 

Break down your daily work activities and give an approximate percentage of 
time each is performed. 

% 

% 

% 

% 

% 

On the following page, please place an “ X  on those areas that have caused 
you discomfort in the past six months. For each of these Xs, rate the severity of 
the discomfort on a scale of 1 (slight discomfort) to 10 (unbearable pain). 

Figure 19- 1 a First page of discomfort survey. 
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Fill out one of these forms for each of the Xs. 

Part of body 

1. Check the box(es) which best describe your problem. 

0 Tingling 0 Burning 

0 Numbness 0 Stiffness 

0 Loss of strength 0 Pain 

0 Cramping 

2. Do you currently have this discomfort? Y - N - 

3. Usually, how long does the discomfort last? 

4. How long have you had this discomfort? 

5. At what time of the day do these symptoms occur? 

0 Morning 

0 Afternoon 

0 Evening 

0 At night 

6. Is there any activity which makes these symptoms reappear? 

7. Have you seen a doctor or other medical person about this problem? 
y -N- 

If yes, what was the diagnosis? 

8. Have you lost any time from the iob because of this problem? Y -N - 
If yes, how many days? 

Figure 19- l c  Third page of discomfort survey 

335 



Ergonomics in Manufacturing 

The second page of the survey (Figure 19-lb) shows the form of 
the human body. Employees are asked to mark with an ‘X those 
parts of the body causing them discomfort. They are then asked to 
rate this discomfort on a scale of 1-10, with one being a mild irrita- 
tion and ten being near unbearable pain. For each of these Xs the 
individual is asked to elaborate on the description of the discom- 
fort. Done on multiple copies of page three (Figure lg-lc), this de- 
tailed information can help the ergonomics team understand the 
severity of an employee’s symptoms. 

Taken individually, discomfort surveys do not always lead to the 
most accurate description of work-related musculoskeletal stress. 
This may be due to an individual’s feelings towards a supervisor, 
how the employee feels the day the survey is conducted, or a vari- 
ety of other factors. However, if several people performing the same 
job have similar complaints, the analyst should note the trend and 
pursue a more in-depth investigation. Even if the severity of the 
complaints is low, consistent reports from several individuals may 
indicate the early stages of a significant problem. 

Further, it is a good idea to visit any job that has elevated (great- 
er than five) values of discomfort. Speak with the operators to gain 
insight into the origins of their complaints. The investigator can 
try to correlate the information on the discomfort survey with the 
types of tasks the individuals perform to identify the source of the 
discomfort. When considering reports of employee discomfort, ill- 
ness, or injury, it must be understood that there is a relationship 
between an employee’s overall happiness and the likelihood that 
he or she will file a workers’ compensation claim. Therefore, iden- 
tifying other problems that may interact with physical workplace 
stress or the employee’s recovery also can be helpful in reducing 
the overall cost of musculoskeletal injuries. 

There are a couple of other indices that Human Resources per- 
sonnel can track to help identify jobs or departments requiring the 
attention of the ergonomics team. These indices include turnover 
rates and movement of employees within a company. Employees 
tend to move away from jobs that they find unpleasant. There are 
many possible sources of an individual’s dislike for a particular 
job or department, including the likelihood that the job may be 
causing some musculoskeletal discomfort. 

Another domain of Human Resources that can be considered pri- 
mary prevention is the development of sound hiring practices. Indi- 
viduals who have a history of low-back injuries or upper-extremity 
cumulative trauma disorders are at greater risk of having recurrent 
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problems, and therefore need to be identified and placed in jobs 
that will not expose them to stresses likely to cause re-injury. This, 
however, can be a very sensitive topic because of issues related to 
discrimination. The Americans with Disabilities Act (ADA) has some 
fairly strict guidelines that must be followed to reduce a company's 
exposure to possible lawsuits from job applicants. 

?tyo key provisions of the ADA are that functional testing must 
be job specific, and that medical tests can only be required after a 
job has been offered. Strict protocols must be developed in con- 
junction with engineering to identify those aspects of the job that 
are critical and that cannot be eliminated without unreasonable 
accommodation. For further information, refer to the ADA docu- 
mentation (Equal Employment Opportunity Commission 1991). 

SECONDARY PREVENTION 
Once an occupational injury or illness has occurred, the Human 

Resources department plays a vital role in managing and control- 
ling the subsequent events that play a major role in the ultimate 
outcome of the recovery process. Unfortunately, the Human Re- 
sources department is often not the first point of contact for an 
injured worker. Typically the injured worker will bring the prob- 
lem to the attention of a supervisor, who often will make a decision 
as to whether or not to send the person to the Human Resources 
department. Therefore, it is important that supervisors know the 
formal procedures to be followed in the event of a complaint by 
one of their workers. 

In the case of an emergency, the employee should receive im- 
mediate medical attention at a first aid station or emergency room. 
If there is no urgency, the Human Resources representative should 
speak with the individual and gather information about what the 
employee was doing at the time of the incident. Memories of the 
specifics of an incident tend to fade rather quickly. Gathering and 
documenting this information at the time of the incident can aid 
in understanding the problem in the future. 

Once it has been determined that an injury or illness has oc- 
curred and that it can be attributed to the workplace, it is recorded 
on OSHA Form 200 Logs. In addition to being a requirement for a 
majority of businesses in the United States, these logs also can be 
a valuable tool for the plant ergonomics team in identifying jobs or 
departments that require evaluation. This is especially true if the 
person who fills out the forms understands musculoskeletal disor- 
ders and includes enough information to provide insight into how 
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the injury occurred. This is another good reason for including a 
Human Resources representative on the ergonomics team. 

Often, individual states require the submission of supplemen- 
tal forms that include more detailed documentation of all circum- 
stances regarding the incident. This additional information can be 
a great help in identifying the root cause of a problem. 

OSHA Logs can be helpful from two different perspectives. First, 
they provide data for quantifying the incidence of injury. Second, 
data is also available for calculating a severity of injury index. The 
incidence of a disorder is the number of new cases of the disorder 
that develop in a given time period. An incidence rate is a normal- 
ized representation of that value, which can be used to compare 
rates among departments, companies, or industries, regardless of 
work force size. 

The standard way to represent incidence rate is to express it as 
the number of new cases of a specified disorder that would have 
occurred in a group of 100 people working for one year (40 hours 
per week, 50 weeks per year). For the work group of interest (work 
cell, line, department, plant, division, etc.), calculate the incidence 
rate (IR) for the time period of interest as follows: 

no. of new cases in work group for time period x 200,000 
total hours worked in the time period by the work group 

IR = 

For example, if 14 people worked in a department for 60 weeks, 
they worked traditional 40-hour work weeks, and there was a total 
of two new OSHA recordable back injuries during that time peri- 
od, the incidence rate for back injuries would be: 

= 11.9 2 cases x 200,000 IR = 
14 people x 40 hours per week x 60 weeks 

This rate is interpreted as follows: if there were 100 workers in a 
department and they incurred back injuries at a rate similar to the 
hypothetical department of 14 people, approximately 12 of the 100 
people might be expected to incur a back injury over a one-year 
time period. The normalized representation facilitates comparisons 
between jobs with many employees and those with only a few. Of- 
ten states can provide a company with reference information about 
incidence rates for various occupational injuries and illnesses by 
Standard Industrial Classification (SIC) codes. mically, these data 
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are not categorized by type of injury or illness, but this can still 
help companies benchmark with others in their industry. 

Another, often more practical, way to represent a problem is to 
describe it in terms of severity. Unlike incidence rate, severity has 
no standard form of representation. Some examples of plausible 
severity indices include number of days lost or restricted per re- 
cordable injury, workers’ compensation cost per recordable injury, 
or total cost of all recordable injuries. Each of these metrics can be 
used to define the severity of a condition in a facility. While it is 
true that incidence rates significantly above or below industry av- 
erages can lead to a visit from an OSHA inspector, an OSHA-re- 
cordable incident does not cost a company anything. One of the 
potential outcomes of training and education of an hourly work 
force is a short-term increase in the OSHA-recordables. This re- 
flects heightened awareness of symptoms and situations that were 
there all along. Earlier detection provides the opportunity to cor- 
rect problems before they can impact any severity index, which is 
where the significant monetary costs are incurred. 
TERTIARY PREVENTION 

The role of Human Resources in the tertiary prevention of mus- 
culoskeletal disorders involves enforcement and communication. 
Often Human Resources personnel are the main communication 
channel between the medical provider and the company. Along with 
this role comes the responsibility for keeping track of an individu- 
al’s recovery, both at home and at work. Those individuals away 
from their jobs under doctor’s orders, should be contacted period- 
ically to check on the progress of their recovery. It is all too easy 
for a person to fall through the cracks of a bureaucracy as compli- 
cated and frustrating as the workers’ compensation system. The 
Human Resources department plays a vital role in seeing that this 
does not happen. 

Regular interaction with an employee and his or her doctor com- 
municates both concern and interest in returning the individual to 
productive employment. Human Resources personnel should coor- 
dinate with engineers and supervisors to make sure that any light- 
duty restrictions placed on an individual are fully enforced, and the 
injured employee is following doctor’s orders. It is critical that su- 
pervisors are made aware of any work restrictions and given an 
indication as to how long the restrictions are to be in place. Human 
Resources personnel need to be this communication channel. 
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ENGl N EERl NG'S ROLE 
When supplemented by appropriate ergonomics training, engi- 

neers have the skills and opportunity to evaluate the basic design 
of a workstation and make appropriate modifications to reduce or 
eliminate physical stressors. Unfortunately, in their college curric- 
ula very few engineering graduates were exposed to issues related 
to the human operator. Many talented and capable working engi- 
neers may not have the training necessary to recognize potential 
musculoskeletal hazards in their designs, or to recognize existing 
hazards in the workplace. As a result, some engineers may feel 
threatened by an ergonomics program, perceiving that they will 
be blamed for designing lines or equipment that may be deficient 
in terms of ergonomics design principles. 

Every effort should be made to ensure that all plant personnel 
recognize that managing musculoskeletal problems occurs through 
a positive process based on both proactive and reactive prevention 
strategies. Engineers should receive ergonomics training that will 
augment their existing knowledge of sound design principles, help- 
ing them to make appropriate engineering design decisions in the 
future. 

PRIMARY PREVENTION 
Because of their daily interaction with and control over the work- 

place, engineers can be the best source of primary prevention of 
musculoskeletal disorders. Further, as a result of their training, 
engineers have the analytical tools to evaluate a work environment, 
identify problems, and devise solutions. They can easily learn to 
apply quantitative assessment techniques, such as the National 
Institute for Occupational Safety and Health (NIOSH) lifting equa- 
tion (Waters et al. 1994), to evaluate manual material handling tasks. 
They are also capable of applying any of the qualitative or semi- 
quantitative checklists that have been developed to evaluate risk 
of upper-extremity disorders. 

To make the most of their quantitative and analytical abilities, 
engineers should receive ergonomics training. This training should 
emphasize basic body mechanics, anthropometry, and the identi- 
fication of workplace risk factors for musculoskeletal disorders. 
After they have received this awareness training, engineers are able 
to apply these concepts when they lay out a new work area or order 
a new piece of equipment. 

Engineers need to be aware of three major workplace risk fac- 
tors: requirements for exertion of sustained or high levels of force, 
awkward or sustained body postures, and high levels of repetition. 
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With proper physical workstation design, forces and body postures 
often can be controlled. Keeping work near elbow height, develop- 
ing appropriate support fixtures, providing appropriate hand tools, 
and eliminating lifting from floor level or to overhead positions 
are examples of some simple guidelines that engineers should con- 
sider when designing or evaluating a workstation. Often, an ergo- 
nomically-designed workstation also becomes more efficient. This 
happens because some of the important issues in ergonomics, such 
as minimizing material handling and awkward postures, are im- 
portant issues in the work measurement and design efficiency con- 
text. Engineers also often determine how raw materials are 
delivered to an operator and, therefore, need to consider the ergo- 
nomic implications of their material handling practices when de- 
signing a production system. 

Engineers are also able to place some of these safety concerns 
within the framework of the production process to control the third 
risk factor, repetition. Engineers understand the implications of 
slowing down a line or adding another operator. While either of 
these options will decrease the number of repetitions any one indi- 
vidual performs, they have quite different effects on line output. 

Many engineers have the training to cost-justify the purchase of 
a new piece of machinery or tool, after considering the risks asso- 
ciated with an existing design and the probability that those risks 
will result in a musculoskeletal problem. While managers are able 
to look at the big picture and cost-justify the program as a whole, 
engineers can look at individual projects and cost-justify changes 
by looking at such variables as decreased injury costs, increased 
quality, increased production, and decreased scrap. 
SECONDARY PREVENTION 

An engineer’s role in secondary prevention is to evaluate exist- 
ing workplace designs in light of new information he or she ob- 
tains on workplace ergonomics. Typically, a concern will be raised 
by an operator or a supervisor. This then may be brought before 
the plant’s ergonomics team, and an engineer will be called in to 
help understand and quantify the problem. The engineer will then 
be asked to assist in the redesign process to eliminate the identi- 
fied physical stressor, be it excessive force, awkward postures, high 
repetition rates, or something else. During this process, the engi- 
neer should work closely with the operators who have first-hand 
knowledge of the workplace and process, and who must work with 
any changes that are made. Design changes and acceptance of those 
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changes are usually more successful when they result from a coop- 
erative effort between engineers and operators. 

TERTIARY PREVENTION 
One of the tasks an engineer can perform in the tertiary mode of 

injury prevention comes in the form of identification or genera- 
tion of light-duty jobs. Given a set of limitations (on force exertion, 
repetition rates, or body postures) recommended by a medical prac- 
titioner, the engineer can evaluate the jobs in a facility and identi- 
fy those with requirements that do not exceed the physical 
limitations of a returning employee. Much of the information need- 
ed by the engineer to make this evaluation already exists. It is the 
product of work measurement and time study processes industrial 
engineers traditionally perform. 

One more way the engineer can play a role in the ergonomics 
program is by designing accommodations for individuals with phys- 
ical limitations. This may be one of the more interesting, stimulat- 
ing, and rewarding tasks the engineer performs. If an employee 
returns from sick leave with permanent or long-term medical lim- 
itations that prohibit a return to the job, either an alternative job 
should be identified or the old job modified to comply with the 
worker’s limitations. Working together, creative engineers and 
skilled trades employees may provide an employee with the abili- 
ty to rejoin the work force and enjoy all the benefits of gainful 
employment. 

T H E  SUPERVISOR‘S ROLE 
Line supervisors are often the gateway of communication be- 

tween operators and the rest of the company. They have intimate 
knowledge of production processes and jobs in their areas, the skills 
and aptitudes of their operators, and management’s production and 
quality goals. The line supervisor can be an important source of 
information for operators, engineers, Human Resources person- 
nel, upper management, and the ergonomics team. As such, line 
supervisors should participate at each level of prevention of work- 
related musculoskeletal injuries. 

PRIMARY PREVENTION 
One of the most important ways in which the supervisor can 

assist with primary prevention of work-related musculoskeletal 
injuries is to foster good communications with the operators in the 
area. Operators should feel comfortable approaching the supervi- 
sor with questions related to ergonomics or musculoskeletal inju- 
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ries, and supervisors should be able to answer such questions. As 
the operators’ link to the ergonomics team, the supervisor can bring 
operators’ questions, concerns, and ideas about work methods, 
tools, or workstation design to the ergonomics team. The supervi- 
sor also should be able to direct the operator to appropriate sourc- 
es of additional information, such as medical management, Human 
Resources personnel, or the ergonomics team. 

Another way supervisors contribute is by their knowledge of jobs 
and employees in their work areas. To reduce the risk of future 
injuries, the supervisor can bring historically high-risk jobs to the 
attention of the ergonomics committee or safety personnel. With 
some ergonomics training, the supervisor may be able to make 
decisions regarding placement of operators to match skills and 
physical limitations with job requirements. For example, it may be 
possible to temporarily move a pregnant employee from a job re- 
quiring forceful hand activity and awkward wrist postures in an 
effort to reduce the employee’s likelihood of developing carpal tun- 
nel syndrome during her pregnancy. 

The line supervisor has knowledge of the day-to-day operations 
in his or her area, but can also take a big-picture view and observe 
temporal trends. The supervisor, therefore, is well positioned to 
identify jobs with high turnover rates. High turnover may be the 
result of a cycle of injury and operator replacement or it may indi- 
cate that operators are attempting to cycle out of a particular job 
before they become injured. In the latter case, the problem would 
not be detected through review of OSHA logs or medical records. 

Production Trends 
The supervisor can also identify trends in production, alerting 

fellow supervisors, engineers, and purchasing personnel when prob- 
lems arise, as well as when processes and parts run particularly 
well. Plants with existing quality programs are familiar with the 
idea of providing a high-quality product at every stage of produc- 
tion. Such a program may have ergonomic benefits as well, such as 
a reduction in the force required to assemble parts when they are 
consistently well made. 
SECONDARY PREVENTION 

If an employee does develop symptoms of a musculoskeletal 
injury, he or she may inform the supervisor before informing any- 
one else. The supervisor should be able to direct the employee into 
the medical management process and alert the ergonomics team 
that the employee’s workstation should be surveyed for ergonom- 
ic hazards. 
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Controlling Exposure 
There are essentially two ways to control exposure to ergonom- 

ics hazards. The preferred method is through engineering controls 
that result in physical changes to the workstation, tools, product, 
or task. The other, administrative controls, are essentially rules 
developed to reduce the amount of time a worker is exposed to a 
hazard, although the hazard is still present. This is accomplished 
through job rotation, extending the proportion of rest time in work/ 
rest cycles, or procedural rules. By combining knowledge of the 
jobs in the area with some ergonomics training, the supervisor can 
help design and implement many types of administrative controls. 
For example, job rotation is beneficial only if the jobs through which 
workers rotate are truly different in terms of the physical stressors 
encountered by the workers. Moving from one hand-intensive task 
to another will not reduce a worker’s exposure to risk factors asso- 
ciated with upper extremity musculoskeletal disorders. Supervi- 
sors can help identify combinations of jobs that will reduce worker 
exposure to musculoskeletal injury risk factors. Supervisors also 
may be required to enforce procedural rules, such as those having 
to do with approved work methods or maintaining appropriate line 
speeds in piece rate facilities. 
TERTIARY PREVENTION 

If an operator does incur a lost time injury, the supervisor can 
maintain contact with that individual while he or she recuperates. 
Upon the operator’s return to work, the supervisor can play an 
important role in reintegrating the employee into the work team. 
If there are restrictions placed on the operator, the supervisor can 
work with Human Resources and medical management personnel 
to ensure that work restrictions are not violated. This may be ac- 
complished through some temporary job or task reassignments, 
identification of light-duty jobs in the area, or creation of a light- 
duty job. If the returning operator is to receive some form of regu- 
lar treatment (occupational or physical therapy, for example), the 
supervisor can arrange for a stand-in worker to fill in during the 
employee’s treatment sessions. 

THE OPERATOR’S ROLE 
Operators in a plant typically have two primary responsibilities: 

performing their own tasks and training new operators. When a 
facility initiates a plan to manage work-related musculoskeletal 
injuries, operators may be asked to expand their existing responsi- 
bilities and take on new ones. 
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PRIMARY PREVENTION 
There are a number of ways in which operators can participate 

at the level of primary prevention. One important way is to get the 
most out of their ergonomics training by being attentive, open to 
new ideas, and asking questions. When ergonomics-related con- 
cerns arise about workstations, tools, or work methods, operators 
should bring their questions to supervisors or the ergonomics team. 

Operators, themselves, may be able to suggest improvements to 
elements of their work when they combine basic ergonomics train- 
ing with existing knowledge of their jobs. If changes in work are 
considered or implemented, operators should give thoughtful feed- 
back to supervisors, engineers, or the ergonomics team. In their role 
as job trainers, operators can utilize their basic ergonomics training 
when instructing new operators about work methods and tool us- 
age. Another way operators can participate in primary prevention is 
to volunteer to be a member of the plant’s ergonomics team. 

Exposure to physical stressors can occur off the job, as well as 
on. Employees need to recognize these exposures and control them 
if possible. Personal factors can predispose individuals to develop- 
ing certain musculoskeletal disorders. Once an employee is influ- 
enced by these factors, he or she may wish to discuss them with a 
personal physician or medical management personnel at work, so 
that efforts can be made to offset or compensate for their existence. 
SECONDARY PREVENTION 

If an operator experiences early warning signs or symptoms of 
musculoskeletal injury, he or she should follow the company’s re- 
porting procedures. Early reporting of symptoms should be encour- 
aged. As with primary prevention, operators experiencing 
symptoms should assess their exposure to ergonomics hazards 
outside of work, and take steps to control those exposures. They 
may receive help with this assessment from medical management, 
the ergonomics team, or their personal physician. 
TERTIARY PREVEN TlON 

Probably the most important thing an operator can do once an 
injury occurs is to seek and comply with the advice of knowledge- 
able health care providers. Unfortunately, once tissue damage oc- 
curs, a full recovery (full strength and endurance, full range of 
motion, lack of discomfort) may not be possible. However, in con- 
junction with appropriate medical treatment, assessment and con- 
trol of exposure to hazards both on and off the job will help to ensure 
that the injured worker’s recovery progresses as far as possible. 
Workplace or job changes tailored to the employee’s residual limi- 
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tations can then be designed and implemented to allow the em- 
ployee to continue to be a productive member of the company’s 
work force. 

MEDICAL MANAGEMENT’S ROLE 
Medical management is one of the four major program elements 

in an ergonomics program. The other three are work site analysis, 
hazard prevention and control, and training and education (OSHA 
1991). The tasks that come under the auspices of medical manage- 
ment include training and education, establishment of treatment 
protocols, and assisting with return-to-work issues. Any or all of 
these tasks may be handled in-house by a full- or part-time occu- 
pational health physician or nurse, or on a contract basis through a 
local hospital, rehabilitation facility, or private physician who is 
knowledgeable about work-related musculoskeletal injuries. 

PRIMARY PREVENTION 
The number one prevention task of medical management per- 

sonnel is to establish a medical management plan. The plan is a 
written document that specifies the procedures to follow when an 
employee reports symptoms of a musculoskeletal injury or when he 
or she loses time due to a musculoskeletal injury. The plan also con- 
tains specifics regarding the second main primary prevention task 
of medical management-employee training and education. 

Medical management personnel inform plant personnel about 
symptoms and early warning signs of musculoskeletal injuries, the 
physical hazards (on and off the job) that may put individuals at 
risk for developing musculoskeletal injuries, and procedures the 
company has established for employees to follow if they have ques- 
tions or concerns about potential symptoms. When a facility ini- 
tiates an ergonomics program, all employees receive some amount 
of training, based upon their responsibilities. In addition to large 
scale training and education, if the facility has a health care pro- 
fessional on site, that individual should be available to address em- 
ployee questions and provide education to new hires. 

SECONDARY PREVENTION 
Should an employee develop symptoms, the medical manage- 

ment plan specifies the steps that should be taken by the employ- 
ee, the employee’s supervisor, and other specific individuals to 
report and treat those symptoms. If a health care provider is on 
site, the plan may specify that pre-approved diagnostic testing, 
conservative treatment protocols, or both, be initiated by the health 
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care provider. If arrangements for health care services have been 
made with an outside provider, the plan would specify how and 
when the employee would be seen by that provider. 

TERTIARY PREVENTION 
If an employee incurs a lost-time musculoskeletal injury, medi- 

cal management personnel can improve the odds for the employ- 
ee’s successful return to work. They can work closely with the 
employee’s health care provider to track the employee’s recovery 
and ensure that any work restrictions are adhered to when the 
employee returns to work. Medical management personnel can 
work with supervisors to put work restrictions in place. They also 
provide information to Human Resources personnel regarding ap- 
propriate treatments and recovery periods for various types of mus- 
culoskeletal disorders and help ensure that each injured employee 
receives appropriate treatment and returns to work after an appro- 
priate recovery period (neither premature, nor protracted). 

THE SAFETY SPECIALIST’S ROLE 
To a great extent, the role of the safety specialist in a program 

designed to manage musculoskeletal problems depends on the 
skills, training, and current scope of the job. In a smaller company, 
one employee may have responsibility for all safety-related issues, 
while a larger company may employ several individuals specializ- 
ing in one or more occupational health areas, such as safety, indus- 
trial hygiene, or ergonomics. Regardless of their training, however, 
safety specialists typically will have the tools to quantify the sever- 
ity of a problem and identify areas of greatest urgency. Much of 
the work outlined for the Human Resources department could be 
carried out by a safety specialist with appropriate training. 

PRIMARY PREVENTION 
Periodic inspections or “walkthroughs” of each production line 

can often highlight areas of concern. A safety specialist with the 
appropriate training will be able to quickly identify risk factors for 
a job and communicate those concerns to the ergonomics team 
and line engineers. Operator discomfort surveys also may be ad- 
ministered by the safety specialist. If train-the-trainer methods are 
used in ergonomics training, the safety specialist may become the 
ergonomics trainer and educator for the plant’s operators. The safe- 
ty professional may be well positioned to keep other personnel in- 
formed of new ergonomics-related information and legislative 
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efforts, because of the literature which he or she receives (product 
literature, safety journals, and trade publications). 

SECONDARY PREVENTION 
The safety specialist may take primary responsibility for data 

entry and analysis of OSHA Form 200 Logs. The safety specialist 
may already have responsibility for tracking safety and industrial 
hygiene concerns using the logs. Tracking musculoskeletal prob- 
lems would then be a minor addition to that existing duty. The 
safety specialist also should be involved in job evaluation and re- 
design to ensure that other safety-related standards are being fol- 
lowed, such as identifying pinch points in machinery or scissors 
lifts, or providing adequate machine guarding. 

TERTIARY PREVENTION 
At this level, and at the secondary level of prevention, the safety 

specialist may act as an advocate for expenditures associated with 
modifications to workstations or tools. Safety specialists can also 
provide insight for establishing or identifying light- or alternate- 
duty jobs, and may interact with the medical care provider to doc- 
ument and maintain physical capacity restrictions for injured 
workers. 

ROLES FOR OTHER PRODUCTION SUPPORT GROUPS 
Purchasing and Maintenance are just two of the support groups 

that can contribute to the prevention effort. Purchasing personnel 
can work closely with engineers and the ergonomics team to iden- 
tify equipment and tools designed to reduce exposure to ergonom- 
ic hazards, while still meeting the company’s economic objectives. 
Additionally, Purchasing personnel can work directly with suppli- 
ers to encourage them to provide equipment and tools with ergo- 
nomic design features. A large company has sufficient buying power 
to do this alone. Smaller companies may work through trade asso- 
ciations to bring pressure to bear on suppliers. 

Maintenance personnel can contribute to the prevention effort 
in at least three ways. One would be through performance of nor- 
mal tasks. It is generally easier for operators to work with equip- 
ment that is running well. Maintenance personnel also may be able 
to provide insight into differences between seemingly similar pieces 
of equipment in situations where one operator is having problems 
and others are not. Second, Maintenance personnel often have the 
skills, experience, and inventive nature to develop new tools or 
modify existing equipment. By working with engineers, the ergo- 
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nomics team, and operators, Maintenance personnel may be able 
to implement workstation modifications that are identified through 
the ergonomics program. Third, Maintenance personnel may par- 
ticipate on the ergonomics team, either as regular members or on 
an as-needed basis. 

INTEGRATION 
While individual roles are important, it may be the integration 

of individuals and groups into an ergonomics team that makes the 
critical difference as to whether a facility’s ergonomics program 
succeeds or fails. The ergonomics team is a core group of people 
who meet on a weekly or biweekly basis to discuss current areas of 
concern, develop solutions to existing problems, and evaluate con- 
trol measures they have put in place. 

The team is typically composed of 4 to 8 people, and should be a 
mix of salaried and hourly employees. From the hourly side, ideal- 
ly the team would have members who have firsthand knowledge 
of most of the major lines or departments in the facility. This ar- 
rangement facilitates communication between the ergonomics 
team and shop floor employees, one of the more important aspects 
of this type of program. 

On the salaried side, a representative from the Human Resourc- 
es department, one from engineering, and one from the medical or 
safety areas would be ideal. In identifying potential team mem- 
bers, the goal is to identify individuals who either have informa- 
tion to provide or are in a position to make things happen. 
Follow-through is important to the success of any ergonomics pro- 
gram. Identify problem areas (through surveys, OSHA log reviews, 
or operator inquiries), then follow-up with the corrective actions 
necessary to eliminate the problems. 

In addition to this core group, it is helpful, from time to time, to 
bring other individuals into the ergonomics team meetings, includ- 
ing some of the operators performing jobs that are being analyzed, 
as well as the line engineers and line supervisors for these jobs. 
Their input can be invaluable when considering current problems, 
as well as potential solutions. 

CONCLUSIONS 
Every individual in a company has some role to play in the man- 

agement of work-related musculoskeletal disorders. The overall 
effectiveness of an ergonomics program will depend, in large part, 
upon the quality of work from each member, how well representa- 
tives from the different parts of the company work together, and 

349 



Ergonomics in Manufacturing 

how well the team’s ideas are communicated and disseminated 
throughout the organization. With time, the effectiveness of a sys- 
tem for managing musculoskeletal injuries can be measured in 
terms of decreased costs for workers’ compensation, recruitment, 
and training, and increases in product quality and employee mo- 
rale and productivity. 
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American industry has experienced a widely publicized increase 
in the reported incidence of disorders associated with the upper ex- 
tremities (hands, wrists, arms, and shoulders). This increase affects 
both worker and company. There are direct financial costs to the 
company, such as increased workers’ compensation costs and health 
insurance premiums. The worker feels the cost in lost wages. How- 
ever, there are also indirect financial costs that are potentially much 
greater, although they are not as easily documented. They include 
high turnover and absenteeism rates, increased training require- 
ments, as well as the reduced efficiency and decreased product qual- 
ity that go along with continually changing personnel. 

Effective implementation of ergonomics can lead to substantial 
benefits in terms of increased productivity, improved product qual- 
ity, reduced absenteeism and lower turnover rates, as well as lower 
occupational safety and health costs. This can be done with an over- 
all total quality management (continuous improvement) philosophy. 

Use of automation, rather than improvement of manual opera- 
tions, has taken precedence traditionally in the United States. How- 
ever, that trend is rapidly reversing with the increased requirement 
of more flexible manufacturing methods. 

The trend toward more effective manual or mechanized opera- 
tions could possibly increase attention to work-related injuries. The 
highly publicized increase in the incidence of work-related disor- 
ders associated with repetitive movements has recently increased 
the visibility of ergonomics to management, labor, and government. 
Whether the increased attention in the popular press is due to the 
accelerated incidence of work-related disorders, or whether the 
increase in reported disorders is due to the popular press, is a valid 
area of discussion. 



Ergonomics in Manufacturing 

TE RMI N 0 LOGY 
The Occupational Safety and Health Administration’s (OSHA) 

approach and terminology has significantly restricted the defini- 
tion of ergonomics to work-related musculoskeletal disorders (MSD). 
In fact, this phrase is really much more representative of OSHA’s 
concentration than is the term ergonomics. For example, OSHA uses 
the term ergonomic hazards to represent workplace and work meth- 
od characteristics considered to be related to musculoskeletal dis- 
orders. This is a poor choice of words in that ergonomics is the 
solution to, not the cause of, the hazard. The term biomechanical 
hazard would seem to be much more descriptive and appropriate. 
A more important aspect of the current characterization of ergo- 
nomics is that it does not address the primary benefits companies 
can experience by utilizing good ergonomic design-better labor 
productivity and improved product quality. 

RIGHT AND WRONG TERMS 
The popular press often uses terms such as repetitive strain in- 

jury,  repetitive motion disorder, and overuse syndrome, to label the 
types of disorders addressed in this chapter. These terms have very 
limited utility and, in fact, focus unjustifiable attention on the rep- 
etition rate or cycle time of the task. The ANSI committee address- 
ing this area (ANSI-365) more appropriately labels its efforts as the 
control of work-related cumulative trauma disorders. 

The term cumulative trauma disorder is a more appropriate term 
for a number of reasons. First, one of the most important charac- 
teristics of this disorder is that it does not result from instanta- 
neous events like a slip and fall, laceration, or an amputation. 
Rather, it develops over a period of time so the effects are cumula- 
tive. Note that this results in the disorder being categorized as an 
illness rather than an injury in the OSHA reporting system (OSHA 

The term trauma is also descriptive since it indicates that the 
task requires the human body to be used in a manner for which it 
is ill suited. For example, the human hand is very effective in ex- 
erting a relatively high force or precise dexterity when the wrist is 
straight. However, when the wrist is bent, the biomechanics are 
seriously affected and both the effectiveness of the effort and the 
risk of injury increase dramatically. 

Disorder, the last term in the phrase, is descriptive in that some 
people have a propensity to experience problems while others do 
not. A high-risk task for one operator may not be high-risk for a 

200 Logs). 
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different operator. A disadvantage of the term cumulative trauma 
disorder is that, within the current classification system, noise-in- 
duced hearing loss is included. This has increased the confusion 
occurring in much of the popular press. Throughout this chapter, 
the terms biomechanical hazards and musculoskeletal disorders will 
be used to represent what is frequently referred to as ergonomic 
hazards and repetitive motion disorders, respectively. 

EFFECTIVE IMPLEMENTATION OF ERGONOMICS 
It is worth noting that the material distributed by OSHA increas- 

ingly refers to the concepts of total quality management (TQM). 
For example, the Draft Ergonomic Protection Standard Summary 
of Key Provisions (August, 1994) states that the process is, “consis- 
tent with international quality assurance activities (International 
Organization for Standardization [ISO] 9000).” Similarly, terminol- 
ogy relating to continuous improvement (another frequently used 
TQM concept) is increasingly found in OSHA documents. This is 
important since one primary factor impacting effectiveness of an 
ergonomic effort is that progress is occurring. It is also important, 
both externally and internally, to completely document the 
progress. That is, recording “where you came from” can be as im- 
portant as documenting “where you are presently” or “where you 
are going.” Beyond documenting the activities that illustrate 
progress, there are specific components of an ergonomics effort 
necessary to experience positive results. As with any effective pro- 
gram implementation, the format and scope of the program are 
dependent upon characteristics of the organization such as size, 
products, and tasks. 

P OLlCY AND PROCEDURES DOCUMENT 
It is essential that the goals and objectives of the effort be fully 

understood and supported throughout the entire organization from 
the shop floor worker to top management. Although some compa- 
nies find it beneficial to separate the ergonomics effort from the 
safety effort, ergonomics is often integrated as an element of safe- 
ty policy. One objective of the policy statement calls for ergonom- 
ics to be considered as important as production and product quality. 

There are two goals of an ergonomics policy. First is to prevent 
work-related musculoskeletal injuries by using engineering con- 
trols to reduce or eliminate the task characteristics associated with 
the disorders. This is accomplished by applying the science and 
technology of ergonomics to the design of work spaces, work meth- 
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ods, tools, and equipment. The objective is to reduce the risk of 
injury while simultaneously increasing the effectiveness of manu- 
al operations. 

The second goal is to prevent the progression of a disorder, if 
one does occur. This involves early detection and treatment of dis- 
orders so they do not develop into more severe cases. The total 
effort obviously involves the multidisciplinary efforts of Engineer- 
ing, Operations management, Human Resources management, and 
health care providers (internal and external). The policy and pro- 
cedures document is necessary to delineate the authority and re- 
sponsibility of each of these contributors in an integrated effort. In 
addition to these staff and line functions, it is important that input 
be obtained from workers directly affected by both the occupational 
risks and the potential modifications that are designed to reduce 
those risks. 

EMPLOYEE INVOLVEMENT 
Inclusion of affected employees is an important component of 

an effective ergonomics effort. A suggestion system that allows the 
operator to make input as to potential or perceived hazards can be 
accomplished through a cardbox system on the plant floor or in 
the cafeteria or break room. As with any suggestion system, the 
mechanism to collect and record the concerns or recommendations 
is much easier to implement than are the methods of evaluating 
them. For an employee involvement system to be effective, it must 
provide feedback about the suggestion in a reliable and timely 
manner. This process is even more complicated by the increasing- 
ly multilingual nature of many manufacturing and processing 
facilities. 

One aspect of employee involvement, as defined by OSHA, is 
that the employees are to be provided information about muscu- 
loskeletal disorders. However, one method of addressing the de- 
gree of discomfort that may be experienced, but not reported to 
the medical facility, is through the use of an active surveillance 
instrument. This is often referred to by OSHA as a symptom sur- 
vey. This term, itself, may have the unfortunate consequence of 
predisposing the worker to having “symptoms.” 

A better approach is the job improvement survey (Figure 20-1). 
This form asks the responder to evaluate the potential for improve- 
ments, as well as indicating discomfort. It is important to note that 
the utility of the information received is very different if the sur- 
vey asks about possible improvements prior to questions about 
discomfort, as opposed to posing the discomfort question first. 
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# 0867 
Job Improvement Form 

Primary Job 
Shift 

Department 

How long have you been doing this iob? 

0 Less than 1 month 

0 1-5 years 

0 1-3 months 

0 more than 5 years 

0 3 months-1 year 

Do you regularly do any other iobs? 

If you do, what jobs do you do? (1 1 
(2) (3) 

0 No 0 Yes 

How can any of these lobs be improved? 

Check the areas below that could be improved. 

0 long forward reach 

0 quality of materials 0 hand tools 0 machine design 

0 machine maintenance 0 job training 

What other things make your lob harder? 

0 high work level 0 awkward postures 

Have you had any soreness within the last month? 0 No 0 Yes 

If yes, put a check for each part of your body that has felt sore (L-Left 
and R-Right). 
Body Part Barely Noticeable Moderate Very Noticeable 
Neck 
Shoulder (L) 

(R) 
Arm (L) 

(R) 
Wrist (L) 

( R) 
Hands (L) 

(R) 
Fingers 
Upper back 
Lower back 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Figure 20- 7 Job improvement form. 
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Please answer all questions. 

When was the last occurrence? 

0 today 

0 yesterday 0 after work 

0 last week 

0 more than a week ago 

0 more than a month ago 

How often does it occur? 

0 every day 

0 once a week 

0 once a month 

0 less than once a month 

0 it varies 

When does it occur? 

0 during the shift 

0 during the night 

0 all the time 

0 it varies 

How long does it last? 

0 1 hour 

0 all day 

0 1-7 days 

0 8-30 days 

0 more than 30 days 

If you do more than one iob, which one causes the most problems?- 

Have you reported this soreness to your ... ? 0 Supervisor 0 Plant nurse 

0 Not reported 

Have you seen a doctor about this? 0 No 0 Yes 

If yes, what treatment did you receive? 

Were you put on another iob because of this? 0 No 0 Yes 

If yes, what was that lob? 

Have you lost any time from work because of this? 

If yes, how long were you away from work? 

What have you found that reduces the soreness? 

0 No 0 Yes 

What have you found that makes the soreness worse? 

How many times have you worked 6 days a week in the last month? 

0 0  0 1  0 2  0 3  0 4  

Figure 20- 7 Job improvement form. (continued) 
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How many times have you worked 7 days a week in the last month? 

0 0  0 1  0 2  0 3  0 4  

How many hours per day do you work? 

0 Always 8 0 Sometimes less than 8 0 Sometimes more than 8 

If you worked more than 8 hours a day in the last month, how long did 
you work? 

0 9 hours 0 10 hours 0 11 hours 0 12 hours 0 morethan 
12 hours 

How many days in the last month did you work more than 8 hours? 

0 0  0 1  0 2  0 3-5 0 6-10 

0 11-20 0 regularly 

Reviewed by plant nurse Date / / 
Reviewed by ergonomics committee Date / /- 

(separate along perforated line) 

This information is confidential and your name will be separated 
from the form. The medical staff will be the only individuals that will have 
access to your name. 

Please print your name Date 

Signature 
# 0867 

Figure 20- 7 Job improvement form. (continued) 

These forms are anonymous with a code number on the form and a 
tear-off signature sheet. Due to medical information being includ- 
ed, the only person with access to the names is the plant health 
care provider. The forms, without the names, are reviewed by the 
ergonomics committee to evaluate the technical and economic fea- 
sibility of the recommendations. 

The natural concern of some managers that there will be a sig- 
nificant number of intentional or unintentional false indications 
of problems from the survey appears to be unwarranted. Although 
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there is sometimes an initial transient increase in visits to the 
medical facility, this dissipates after the administration of the sur- 
vey. In addition, some of the visits result in catching conditions 
very early, rather than later when the cost to the company and the 
individual would be much higher. The job improvement survey 
provides valuable information about potential problem areas and 
possible solutions; however, it is the trend information developed 
from subsequent applications of the survey that is useful in evalu- 
ating the effectiveness of the ergonomics effort. 

ERGONOMICS COMMITTEE 
The ergonomics committee should be separate from the safety 

committee, although they do interact and naturally share some 
members. The committee is made up of representatives from Pro- 
duction (hourly and supervisory), Safety, Medical, Human Resourc- 
es, Maintenance, and Engineering. As with other continuous 
improvement teams, the ability to communicate and interact ef- 
fectively to develop consensus is important. 

The committee assists in the prioritization of recommendations 
from the ergonomic job analysis (discussed later). As previously 
mentioned, they also analyze and make recommendations based 
on the active surveillance information (job improvement survey). 
By performing periodic walkthrough surveys of the facilities, they 
can track the progress of the recommended modifications and iden- 
tify potential improvements. An important responsibility of the 
ergonomics committee is to maintain documentation of the ergo- 
nomics effort and ensure that there is periodic review by them and 
upper management. 
SURVEILLANCE METHODS 

Surveillance can be divided into active methods that utilize sur- 
veys of current employees and passive surveillance methods that 
utilize archival records. The job improvement survey is an exam- 
ple of an active surveillance procedure. 

A passive surveillance method of detecting jobs associated with 
musculoskeletal discomfort involves the review of archival occu- 
pational safety and health records (OSHA 200 Logs). Although this 
data is readily available and often discussed in the context of an 
ergonomics analysis, its usefulness is limited when the incidence 
rate is as low as it is for musculoskeletal injuries. 

The fact that the injury (illness) is cumulative makes the temporal 
nature of the worker’s job history important. However, this informa- 
tion is not recorded on the log. That is, the job that created or contrib- 
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uted to the problem may not be the job that the operator is perform- 
ing when he or she reported it to the medical facility. Other factors, 
such as job rotation, also make analysis of safety data tenuous. 

Lastly, almost all manufacturing and processing facilities go 
through continuous modifications to process layouts, equipment, 
tools, methods, etc. This can lead to erroneous conclusions as to 
the causal relationships that are based on historical data. Given 
these drawbacks, archival data provides a starting point for estab- 
lishing which tasks have been associated with problems in the past. 
However, the analysis of archival documents is no substitute for 
interactive discussions with health care providers, Production su- 
pervision, and the workers themselves. 

A source of information that can be useful in interpreting the 
relative severity of disorders is the workers’ compensation file. In 
addition, absenteeism records and the amount of turnover (due to 
termination or bidding-out) from particular jobs can assist in de- 
termining if they involve biomechanical stress. However, it is im- 
portant to note that this information, which relates to individuals, 
is confidential and appropriate procedures should be documented 
and followed for its use. 
JOB-SITE ANALYSIS METHODS 

A disadvantage of passive surveillance methods is that they eval- 
uate the operation from a historical perspective, rather than ana- 
lyzing present conditions. The rapid changes that occur in many 
production operations can result in an analysis that misrepresents 
current conditions. An ergonomic job-site analysis addresses the 
operations as they currently exist. Again, the issue is not simply to 
find the problem jobs from a safety perspective, but to make rec- 
ommendations in the workplace design, work methods, tools, and 
equipment that can improve the effectiveness and efficiency of 
the whole production process. 

Checklists and Narratives 
?tyo forms of ergonomic job-site analysis traditionally used to 

address musculoskeletal disorders are checklists and narratives. 
The advantage of checklists is that they require less time and can 
be performed by individuals with less technical understanding of 
ergonomics. However, this simplicity inherently causes the check- 
list approach to be less complete, sometimes resulting in serious 
misrepresentation of the task requirements. In particular, the tem- 
poral nature of the task is very difficult to capture with a checklist 
(for example, tracking exposure across task elements, tasks, or even 
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Risk Factor 
Category 

Repetition 

jobs if rotation occurs). In addition, checklists are only descriptive, 
revealing a potential problem, rather than prescriptively indicat- 
ing alternative methods of alleviating it. A small portion of a check- 
list distributed by OSHA for the purpose of calculating risk factor 
scores is shown in Figure 20-2. The scores (demerits) are summed 
across all risk factor categories. As stated by the instructions for 
the use of this checklist, “a score above 5 is a problem job.” 

Time 

Signal Risk 2-4 4-a 81 hours Total 
Factors hours hours add 0.5/hours Score 

Identical or similar 1 3 
motion(s) performed 
every few seconds 

Hand force Grip more than 10 1 3 
Ib (4.5 kg) per load 

Figure 20-2 Section of OSHA risk factor checklist. 

Although this type of checklist appears to be very attractive from 
the standpoint of data collection, it still requires a significant 
amount of judgment with respect to both the documentation and 
interpretation. For example, if a person’s entire job, for an eight- 
hour period, is to lift an 11-lb (5-kg) item and put it back down 
every 14 seconds (resting between movements), the job would in- 
appropriately be considered a “problem job” using this checklist 
(repetitive [3] plus hand force [3], resulting in a score of 6). 

The second general method of conducting an ergonomic job-site 
evaluation by documenting conditions and recommendations in a 
narrative form, requires more time and is generally performed by 
an ergonomics professional. However, it is generally far more com- 
plete, valid, and useful in the process of improving tasks that in- 
volve undesirable characteristics. It is often as important to 
document the positive characteristics of a job without problems as 
it is to note the problem areas. The narrative approach provides 
this information, whereas the checklist does not. 

The narrative analysis method documents the job (for example, 
case packing), that is divided into tasks, such as palletizing, that 
are subsequently divided into task elements (lifting cases from the 
conveyor). The task element level is where effective ergonomic 
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analysis, documentation, and improvement occurs. A beneficial 
characteristic of the narrative form of analysis is that it includes a 
discussion of the technical and economic feasibility of alternative 
modifications. Conducting any ergonomic job analysis, particular- 
ly using a narrative, prescriptive approach, requires the analyst to 
have a relatively high level of technical expertise in ergonomics. 

A Computer-based System 
A computer-based job analysis system has been developed to 

address the disadvantages of both the checklist and narrative ap- 
proaches. The objective of this system is to provide the complete- 
ness and validity of the narrative method, along with the speed 
and simplicity of the checklist approach. It is especially useful for 
the individual with little or no training in ergonomics. 

An ergonomic job-site analysis has two functions in this con- 
text. First, it is an evaluation tool to document the characteristics 
of the tasks associated with musculoskeletal disorders, that is, to 
signal risk factors. Second, it is used by operational personnel to 
prescriptively evaluate their tasks and suggest effective modifica- 
tions. The data entry portion of the computer-based job analysis 
includes three major sections, each with subsections. Each section 
and subsection involve information critical to performing a com- 
plete evaluation of the physical, physiological, and psychological 
characteristics of the job. Sections include: 

Job and task identification and descriptions; 
Identification of the job, operator, and analyst; 
Work organization; 
Workplace layout; 
Equipment, tools, and product characteristics; 
Task element descriptions; 
Body posture; 
Motion patterns and force requirements; 
Temporal characteristics of the activities; 
Manual material handling characteristics (if applicable); 
NIOSH lifting guidelines (1981 and 1991); and 
Liberty Mutual Insurance data for lifting, lowering, pushing, 
pulling, and carrying. 

After the job characteristic information is entered, the job is 
analyzed with respect to the postural- and motion-related risks of 
musculoskeletal disorders. The risk factor categories are listed, 
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along with the total number of occurrences and duration of expo- 
sure for each category. These results are then used to recommend 
potential modifications to the workplace layout, work methods, 
tools, and equipment that could reduce exposure to the particular 
risk factors. The recommendations are the beginning of the prob- 
lem-solving process, not the end. That is, there is no substitute for 
the knowledge and experience of operational personnel. However, 
documented problem areas (task elements) and recommended 
improvements give operational personnel the information neces- 
sary to reduce job characteristics that result in unnecessary effort, 
fatigue, and injury. 

ERGONOMICS TRAINING 

Employees 
The amount and type of training in ergonomics varies for differ- 

ent groups within the organization. General awareness training is 
presented to all employees frequently exposed to biomechanical 
hazards and includes information on how to detect problems early, 
before they become permanent or disabling. This involves under- 
standing the early signs and symptoms of disorders and being able 
to differentiate these from normally expected sensations experi- 
enced when becoming accustomed to a new job. If a worker can 
detect problems before they become serious, it has a positive im- 
pact on both the operator and the company. 

Although there is a general impression that training leads to a 
flood of workers “developing” symptoms, this generally does not 
occur if the presentation is adequate. In addition, to the extent 
that it does occur, some of the increase represents previously unre- 
ported, although real, disorders. The others seem to dissipate quite 
rapidly. Many organizations have found it beneficial to videotape 
this training for repeated use with new employees. 

Part of this training is to ensure that the workers understand 
the advantages of good biomechanics, such as postures and mo- 
tions, and the consequences of poor biomechanics. Training ad- 
dresses job-specific instruction on correct methods of performing 
a particular task. 

Although training appears beneficial to the company, it is amaz- 
ing how inadequate it is for unskilled jobs. In general, the proce- 
dure is “go sit beside Sally or John who have been doing the job for 
27 years, and they will show you how to do it.” This, in combina- 
tion with the incorrect assumption that operators strive to do the 
job better and easier, is the cause of many musculoskeletal disor- 
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ders. The instruction should stress that reporting early symptoms 
will not result in negative repercussions for the operator, such as 
lost time or termination. 

Supervisors 
The next group that must receive training on ergonomic princi- 

ples is Production supervision. First-line supervisors can be the 
most effective ergonomists in the facility. It is very important that 
supervisors receive training before the general training of work- 
ers. An effective ergonomics effort can only occur when supervi- 
sors understand the benefits of good biomechanics for both 
company and worker (occupational health, productivity, product 
quality, absenteeism, and turnover rates). In general, supervisors 
can easily recognize biomechanical hazards like awkward posture, 
and with the assistance of Maintenance and Engineering, they can 
frequently suggest effective methods of reducing those hazards. It 
is a matter of viewing the production process with an eye for ergo- 
nomics, along with the traditional concern for production num- 
bers. For example, when supervisors discover that the absenteeism 
and turnover rates in their area are reduced, they will likely be- 
come positive toward ergonomics, independent of its contribution 
to reducing injuries. 

The supervisors’ training also includes information on how they 
can contribute to the early recognition of problems. For example, 
addressing muscle soreness and providing an opportunity for con- 
ditioning an employee for a physically demanding task can result 
in retraining the employee and reducing the potential onset of a 
disorder. 

Another portion of the training deals with OSHA reporting rules, 
as they pertain to supervisors. For example, if the supervisor moves 
an operator from one job to another due to discomfort, this is an 
OSHA-reportable event, even if the individual did not visit the med- 
ical facility. An important part of supervisors’ training addresses 
the benefits of the job improvement survey, stressing that the 
information is used for improvements rather than in a punitive 
manner. 
Engineering and Maintenance 

Training Engineering and Maintenance personnel encompass- 
es the characteristics of workplaces, work methods, tools, and equip- 
ment that can affect the risk of musculoskeletal disorders. One 
individual who should be included in this training is the Mainte- 
nance manager since ergonomic modifications are one part of the 
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numerous responsibilities balanced by the Maintenance depart- 
ment. In addition to understanding the factors that have been as- 
sociated with musculoskeletal disorders (risk factors), engineering 
controls shown to reduce worker exposure to these factors are also 
presented during this training. 

It is important to understand that the vast majority of modifica- 
tions require very little time and virtually no capital expense. In 
particular, it is much easier and less costly to design the system ini- 
tially, rather than being required to retrofit the configuration after 
installation. This means that many of the ergonomic considerations 
should occur at the equipment design and specification stage. 

The most effective training for engineers, as well as production 
supervisors, involves the use of examples from their own facilities. 
Often, examples can be selected from the ergonomic job analysis 
and used as the basis for problem-solving exercises during the train- 
ing sessions. Training fosters communication among the various 
functions being trained, a very profitable side effect. Again, it is 
important to understand that the purpose of the training is to facil- 
itate continuous improvement in the system, rather than waiting 
until a situation degenerates to the point of being a problem. As 
with the Production supervisors, the Engineering staff must un- 
derstand the benefits of the job improvement survey. They should 
not be intimidated by or resistant to recommendations that origi- 
nate from the line workers. 

Health Cure Providers 
The health care providers, both internally and externally, require 

training as part of an ergonomics effort. It is important that there 
is consistency among all parts of the organization with respect to 
the protocol for detecting and treating musculoskeletal disorders. 
Specifically, the signs and symptoms that indicate disorders and 
the actions to be taken based on those signs and symptoms must 
be standard. To make work-relatedness and return-to-work deci- 
sions, it is important that the risk factors associated with each op- 
eration be consistently documented. For example, alternative 
assignments (inappropriately referred to as light duty) should in- 
dicate the types of restrictions that can be accommodated, includ- 
ing standing, bending, and hand work. 

Training also involves imparting a knowledge of the jargon used 
in the facility. A job can have one title in the Human Resources 
office, another according to production, and yet a third used by the 
worker when visiting the medical facility. The different vocabular- 
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ies among Engineering, health care, Human Resources, and ergon- 
omists can be a serious barrier to effective communication. 

An important aspect of health care provider training, in the con- 
text of an ergonomics effort, is that they understand their respon- 
sibilities related to the active surveillance instrument (job 
improvement survey). Collecting data, but not taking action based 
on the information, can have more serious consequences than not 
taking the data in the first place. 

Another important component of this training is a full under- 
standing of OSHA’s reporting rules as they pertain to musculosk- 
eletal disorders. 

Ergonomics Committee 
It is necessary that individual members of the ergonomics com- 

mittee have in-depth training in all aspects of the ergonomics ef- 
fort. As with Production supervision and Engineering, material 
generated during the ergonomic job-site analysis can be a good 
basis for training the ergonomics committee. The committee must 
be familiar with the engineering controls that can reduce disor- 
ders, as well as technical and financial constraints that must be 
considered. Communication skills are also an important part of the 
training for any continuous improvement group. 

Training is probably the most important component of an effec- 
tive ergonomics effort. Without adequate and appropriate train- 
ing, the ergonomic job-site analysis is often rendered useless. A 
frequent scenario is that a company hires an external ergonomics 
consultant to perform an analysis and make recommendations that 
would reduce the incidence of disorders. Without the training dis- 
cussed in this section, the analysis and recommendations are like- 
ly to be placed (or misplaced) on a shelf. The management, however, 
feels that they have “done ergonomics.” Again, performing an anal- 
ysis without making the feasible modifications has more severe 
consequences than not having conducted the analysis. 

MEDICAL MANAGEMENT PROGRAM 
The ergonomic job analysis and the majority of training are in- 

tended to prevent musculoskeletal disorders by ergonomically de- 
signing the workplace layout, work methods, tools, and equipment. 
However, even in the most advanced technically and economically 
feasible system, some individuals may experience musculoskele- 
tal problems as a result of their job. Therefore, the second objec- 
tive of an ergonomics program is to provide early detection and 
treatment to reduce the severity of a disorder. 
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PREVENTION 
The medical management system facilitates the prevention ef- 

fort by using information from the passive surveillance (analysis 
of the OSHA Logs) and active surveillance (medical aspects of the 
job improvement survey). By informing the ergonomics commit- 
tee that a particular operation has a high incidence of fatigue and 
discomfort, even if the operators do not visit the medical facility, 
modifications can be made before injuries occur. Addressing trends 
from the job improvement survey is potentially much more sensi- 
tive than trying to detect trends in the OSHA Logs. Another inter- 
relationship between the prevention efforts and medical 
management system is in the designation of alternative, light-duty 
assignments that are appropriate for various physical restrictions. 

Documenting and consistently following a strict protocol for di- 
agnosing and treating musculoskeletal disorders is important to 
control liability. For example, the specific physical signs, such as 
Tinel’s sign and Phalen’s test, and symptoms that are considered 
positive indicators, must be documented. It is also important to 
fully document treatment protocols, so they are fully understood 
and consistently followed. 

Documentution 
In the context of total quality management systems, complete 

and accurate documentation is very important. Part of the program 
procedure should include its periodic review. To document the en- 
gineering controls resulting from either the job site or job improve- 
ment survey analysis, an ergonomics notebook has been used 
effectively by many organizations. Each operation for which mod- 
ifications were suggested should be included, along with an evalu- 
ation of the technical and economic feasibility of the modifications, 
and an estimate of their potential effectiveness. Based on this in- 
formation, the proposed modifications are prioritized. 

There are three categories into which the modifications can be 
placed. The first includes the changes that are easy, quick, and 
inexpensive. For example, a change may aim to improve the oper- 
ator’s posture by lowering the work height, which simply requires 
cutting the legs on a workbench. 

Many improvements in the facility that occur as part of normal 
operations are taken for granted and may not be recognized as be- 
ing associated with ergonomics. Part of the training for supervi- 
sors and engineers is to ensure that these changes get recorded in 
the ergonomics documentation. 
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The second category of modification involves changes that are 
prioritized, scheduled, and have an expected completion date. In- 
dicating that modifications are in progress is not sufficient. This 
category is probably the most important for the purpose of indicat- 
ing to OSHA that ergonomics is receiving serious attention and 
that continuous improvement is occurring. 

The third category involves modifications not technically or eco- 
nomically feasible at the current time. These should be included 
with an indication that they are recognized and that, if they be- 
come feasible by changes in the facility, they will be implemented. 

Part of the documentation often ignored or minimized is the fol- 
low-up and evaluation to determine the effectiveness of the modi- 
fication. It is not sufficient to make the modifications and assume 
that the problem has been corrected. In all likelihood, some of the 
changes will not have the desired results. In fact, as with any de- 
sign effort, unexpected (and sometimes undesirable) consequenc- 
es can arise. It is important to document that the modification was 
not successful and, to the extent possible, the reasons. 

A full description of the diagnosis and treatment protocols also 
should be included in the ergonomics documentation. This has both 
the positive effect of ensuring consistency and the negative effect 
of reducing the flexibility of the health care providers. Documen- 
tation should also include a summary of the results of the passive 
and active surveillance efforts. 
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CHAPTER 21 

VI BRATION = I N DUCE D 
CUMULATIVE TRAUMA DISORDERS 

Donald E. Wasserman 
Human Vibration Consultant 
Cincinnati, OH 

THE NATURE OF VIBRATION 
Vibration appears as an integral part of our everyday lives. As 

we drive our cars, trucks, and motorcycles we feel vibration; clothes 
washers and dryers vibrate; lawn mowers vibrate; powered hedge 
clippers and brush cutters vibrate; power boats vibrate; powered 
shop tools vibrate. At work, machinery vibrates, lift trucks vibrate, 
pneumatic- and electrically-powered tools all vibrate, and the list 
goes on and on. For the most part, little is thought about vibration 
since it is so common; until something happens to make us take 
notice. 

You may be surprised to know that vibration, especially occupa- 
tional vibration, is certainly not as harmless as one would initially 
think. Some of the effects of occupational vibration exposure were 
discovered in the very early 1900s and are still being studied today. 

Vibration refers to the directional motion of an object. There are 
actually up to six directions at any one point (Wasserman 1987) 
front-to-back, side-to-side, up or down, and three corresponding 
rotations: pitch, yaw, and roll. What we see with our eyes as an 
object moves is called displacement; what we don’t see is the ob- 
ject’s speed, or velocity, the time rate of change of a moving object. 
Nor do we see acceleration, which is the time rate of change of 
speed of the moving object. 

Rotation is not measured in human vibration work. Usually, the 
aforementioned three linear accelerations are simultaneously mea- 
sured. Acceleration represents the vibration intensity impinging 
on people as they work and is given in terms of gravitational (g) 
units or in feet sec/sec (ft/s2) or meters/sec/sec (m/s2), where lg = 
9.8 m/s2. The repeatability or cyclic nature of the vibration is called 
vibration frequency and is expressed in Hertz (Hz). 
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Did you ever wonder why soldiers walk across a bridge rather 
than march across it? If they marched across a bridge, it could 
collapse due to resonance. The intense vibration set up by the 
mechanical marching excites the bridge structure so that it actual- 
ly absorbs the vibration and internally amplifies it to the point 
where the structure could collapse. This phenomenon is called vi- 
bration resonance. 

Similarly and unfortunately, when we come into contact with 
certain types of vibration commonly found in the workplace, our 
bodies unwillingly act in concert with this vibration, amplifying it 
and exacerbating the effects of the exposure. This is known as hu- 
man resonance. If, for example, vertical vibration came into con- 
tact with the body at about 5 Hz at the buttocks, one could expect 
to measure as much as 2.5 times that incoming vibration at the 
person’s head in the same direction. Thus, resonant vibration is to 
be avoided as much as possible. 

Finally, be aware that there are some 8 million workers in the 
United States alone, that are occupationally exposed to vibration 
(Wasserman et al. 1974); of which 7 million are exposed to whole- 
body vibration (WBW and 1 million are exposed to hand-arm vibra- 
tion (HAW. The medical effects of WBV and HAV are not the same. 

WHOLE-BODY VIBRATION 
Whole-body vibration (WBV) or head-to-toe vibration is usually 

experienced by operators of trucks, buses, locomotives, lift trucks, 
heavy equipment operation, farm vehicle operation, overhead 
cranes, and found near vibrating machinery such as punch press- 
es or mold shakeout areas in foundries. 

Studies of diseases in large worker populations (called epidemi- 
ology studies) (Milby and Spear 1974; Gruber and Zipperman 1974; 
Gruber 1976; Hulshof and van Zantan 1987) and laboratory studies 
(Dupuis and Zerlett 1986; Wilder et al. 1994; Wasserman 1995) have 
indicated that WBV exposure is associated with various muscu- 
loskeletal diseases including, but not limited to, low-back pain, 
degenerative intervertebral disc diseases, and herniated and 
slipped discs. In addition, some studies show that females exposed 
to WBV have additional gynecological risks, especially during preg- 
nancy (Seidel and Heide 1986; Riazanov 1985). 

Some medical consequences of WBV exposure appear as cumu- 
lative trauma disorders (CTDs), where WBV exposure is experienced 
by the worker with no apparent difficulties for an extended period 
of time. Then, problems such as a slipped disc might occur for no 
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apparent reason or from an innocuous event like leaning over to 
pick up a light object. Research work, in the United States and 
elsewhere, is seeking to elucidate these actual injury mechanisms 
(Wilder et al. 1985). 

WBV exposure can cause both safety and health problems. These 
problems are more likely at human resonance frequencies where 
humans are especially vulnerable. At that point, a small amount of 
impinging vibration can produce a large effect because of the in- 
ternal involuntary amplification of this vibration by the human 
body. For example, a truck driver experiencing 5 Hz vertical WBV 
could possibly lose control of his truck and cause an accident be- 
cause the vibration interferes with his grasp on the steering wheel 
(Wasserman 1987; Griffin 1990). 

Finally, it should be noted that measured WBV acceleration lev- 
els are usually low (usually much less than 1 g), but not necessarily 
harmless. 

HAND -ARM VIBRATION 
Hand-arm vibration (HAV) exposure usually arises when work- 

ers use vibrating pneumatic-, electrical-, or gasoline-powered hand 
tools such as chain saws, grinders, chippers, drills, nut tighteners, 
jack hammers, demolition tools, etc. 

Some of the medical effects of HAV exposure were discovered in 
the early 1900s when a famous occupational physician, Dr. Alice 
Hamilton, was called in the dead of winter of 1918 to the stone 
quarries of Bedford, Indiana, because the stone cutters who used 
pneumatic cutting hammers were experiencing tingling and numb- 
ness in their fingers. Due to increased vibrating tool exposure, and 
triggered by cold temperatures, these workers next experienced a 
far worse stage of the disease, episodic attacks of finger blanching 
or whitening, resulting from a loss of finger blood supply. 

The disease is known as Raynaud’s Disease, for a French physi- 
cian who, in 1862, first reported it in female housewives not ex- 
posed to vibration. To differentiate between the few people who 
have this condition naturally and those who acquire it by vibra- 
tion, the former is called Raynaud’s Disease, the latter Raynaud’s 
Phenomenon or, more popularly, vibration white finger (VWF). It 
has been thoroughly documented through the years (Wasserman 
1987; Griffin 1990; Pelmear et al. 1992). For the most part, this dis- 
ease is irreversible if the vibration and frequent finger blanching 
continues. If this condition is left untreated and the worker is not 
removed from the HAV exposure, in the extreme case it can even- 
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tually result in finger gangrene and possible digit amputation 
(Hamilton 1918). 

Today, VWF is known as hand-arm vibration syndrome, or HAVS, 
since we now know that hand-arm vibration can not only irrevers- 
ibly damage finger circulation, but also affect the bones and cartilage 
in the fingers and hands. Table 21-1 is the original Taylor-Pelmear 
scale first introduced in the 1960s for medically classifying the ex- 
tent of HAVS in a worker’s fingers and hands. 

Tables 21-2 and 21-3 show the latest medical scale for HAVS 
adopted in 1986. Called the modified Taylor-Pelmear scale or “Stock- 
holm Classification,” it is used by physicians worldwide. HAVS is a 
very painful condition and, although not curable, is treatable us- 
ing so-called calcium channel blocker medications (Pelmear et al. 
1992). Common prevalence of HAVS in vibrating, pneumatic-tool 
user populations is approximately 40-50%, with about 1-2.4 years 
latent interval time range to the appearance of the initial finger tip 
blanching after beginning vibrating tool use (Pelmear et al. 1992; 
Wasserman et al. 1982). 

No tingling, numbness, or 
blanching of fingers 

Intermittent tingling 

Intermittent numbness 

Intermittent tingling and 
nu m bness 

Blanching of a fingertip with 
or without tingling and/or 
nu m bness 

No complaints 

No interference with activities 

No interference with activities 

No interference with activities 

No interference with activities 

Table 2 1 - 1 . Stage assessment for HAVS 
(Taylor-Pelmear classification system) 

4 

I Stage* I Condition of Fingers I Work and Social Interference I 

Extensive blanching of most 
fingers; frequent episodes in 
both summer and winter 

Occupation usually changed 
because of severity of signs 
and symptoms 

Blanching of one or more 
fingers beyond tips, usually 
durina winter 

Extensive blanching of 
fingers; frequent episodes 
in both summer and winter 

Possible interference with 
activities outside work; no 
interference at work 

Definite interference at work, 
at home, and with social 
activities; restriction of hobbies 
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Table 21 -2. Stockholm Workshop Scale for the classification of cold-induced 
Raynaud's phenomenon in the hand-arm vibration syndrome 

Mild 

Moderate 

Occasional attacks affecting the tips of one or 
more fingers 

Occasional attacks affecting distal and middle 
(rarely also proximal) phalanges of one or more 
fingers 

Frequent attacks affecting all phalanges of most 
finQers 

Severe 

Stage* I Grade I Description 

4 

0 1  I Noattacks 

Very severe As in stage 3, with trophic skin changes in finger 
tips 

OSN 
1 SN 

Exposed to vibration, but no symptoms 

Intermittent numbness, with or without tingling 

Table 21 -3. Stockholm Workshop Scale for the classification of sensorineural 
affects of hand-arm vibration syndrome 

I Stage* I Symptoms I 

I 2SN I Intermittent or persistent numbness, reduced sensory perception I 
Intermittent or persistent numbness, reduced tactile discrimination 
and/or manipulative dexterity I 3SN I 

*The sensorineural stage is to be established for each hand. 

Finally, it should be noted that for the most part, HAV-measured 
tool acceleration levels are usually very high, many times in ex- 
cess of 1 g, which in part accounts for the short latent intervals and 
thus the quick onset of HAVS attacks in workers. 

VI B RAT1 0 N MEASUREMENTS 
To ensure that vibration measurements are uniformly made so 

that results are comparable, the international scientific communi- 
ty has established measurement standards. Figure 21-1 shows the 
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Biodynamic coordinate 
system acceleration 
measurements: 
a ,  ay, a, = acceleration 
in the direction of the 
x ,  y, and z axes; 
x axis = back-to-chest; 
y axis = right-to-left; 
z axis = foot-to head. 

( IS0  2631 , ANSI S3.18, 
ACGl H -TLV) 

Figure 2 7-  7 Coordinate system used for human whole-body vibration measurements. 

triple vector (triaxial), mutually perpendicular coordinate directions 
respectively used for WBV and HAV measurements. For WBV, the 
z axis is the long axis (head-to-toe) of the body; the y axis is from 
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side-to-side (across the shoulders); and the x axis is front-to-back 
(through the sternum). Similarly, for HAVmeasurements, the z axis 
is the long bone axis on the hand; the y axis is across the knuckles; 
and the x axis is through the palm of the hand. 

Actual WBV measurements are simultaneously obtained using 
three accelerometers attached to a small metal cube and placed in 
the center of a hard rubber pie-plate-type disk. This disk is then 
placed on top of a seat cushion, for example, and measures the 
road vibration coming up through the seat to the driver's buttocks. 
Also, the measurement disk can be placed on the floor near a vi- 
brating machine where a worker stands. 

Hand-arm vibration measurements are usually obtained by 
mounting a small cube containing three perpendicular accelerom- 
eters to an automotive hose clamp. The hose clamp and acceler- 
ometers are then clamped to the tool handle. 

STANDARDS 
All triaxial measurements are simultaneously tape recorded and 

the vibration data is computer analyzed and compared to national 
and international health and safety standards for either WBV or 
HAY to determine if these acceleration measurements have ex- 
ceeded the respective standards. Currently in use in the United 
States are three WBV standards: IS0 2631, ANSI S3.18 (1983), and 
TLV 1995 (International Organization for Standardization [ISO] 
1978; American National Standards Institute [ANSI] 1979; ANSI 
1983; American Conference of Government Industrial Hygienists 
1995); and three HAV standards: ANSI S3.34 (1986), TLV 1984-1998, 
and NIOSH #89-106 (ANSI 1986; American Conference of Govern- 
ment Industrial Hygienists 1984-1995; National Institute for Occu- 
pational Safety and Health [NIOSH] 1989). 

It is not the intent of this chapter to detail the aforementioned 
WBV and HAV standards, which are detailed elsewhere (Wasser- 
man 1987; Griffin 1990; Pelmear et al. 1992). Rather, the reader is 
advised to obtain the actual standard(s)* needed and read them 
thoroughly before attempting to use them. Suffice to say, all the 
aforementioned WBV and HAV standards are not identical; there 
are some significant differences. 

" I S 0  and A N S I  standards available from: Acoustical Society of America, 
120 Wall Street, 32nd Floor, New York, NY 10005. ACGIH-TLV i s  available 
from: ACGIH, 1330 Kemper Meadow Drive, Cincinnati, OH 45240. NIOSH 
standard available from: Publications Department, NIOSH, 4676 Colum- 
bia Parkway, Cincinnati ,  OH 45226. 
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CONTROLLING VIBRATION IN THE WORKPLACE 
Controlling vibration is usually multifaceted and includes vibra- 

tion reduction and ergonomics principles (the latter is defined as 
adapting the workplace situation to the worker, not the reverse). 
General guidelines for WBVwork situations (Wasserman 1987; Grif- 
fin 1990) include: 

1. Use air-ride seats as a first choice, or mechanically suspended 
seats as a second choice, on vehicles to reduce WBV exposure 
to drivers. 

2. Check and maintain vehicle suspension systems, tires, and 
tire pressure. 

3. After long periods of drivindriding in vehicles, do not lift or 
bend immediately. Rather, first walk around and stretch for a 
few minutes. Use minimum twisting when exiting a vehicle 
(American Conference of Government Industrial Hygienists 
1995; Wilder 1993). 

4. In fixed plant situations, mechanically isolate vibrating equip- 
ment, machinery, etc., from floors and workers’ bodies. 

5. Where possible, keep workers away from vibrating equipment 
by using remote controls, switches, closed circuit Tv; etc. 

6. As appropriate, use WBV standards and guides. 
7. If signs and symptoms of back pain and back disorders occur, 

Guidelines for HAV work situations (Wasserman 1987; Pelmear 
et al. 1992; IS0 1978; ANSI 1979; ANSI 1983; American Conference 
of Government Industrial Hygienists 1995) include: 

consult a physician. 

If possible, use antivibration (AN) tools. 
Try not to use vibration-damping materials externally wrapped 
around conventional vibrating tool handles. Many of these 
materials provide minimum (low frequency) vibration damp- 
ing, and the resulting increased tool handle diameter, due to 
the wrap, could elicit additional cumulative trauma disorders 
(CTDs) of the hands and upper limbs (Pelmear et al. 1992; 
ANSI 1995). 
A properly designed ergonomic tool handle places minimum 
strain on the operator’s hand and arm, while keeping the wrist 
straight (in the neutral position). 
Use A/V tools with a high power-to-weight ratio. 
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5. Various types of tool-hand configurations are available for 
specific tasks (Lindquist 1986). These include bow handles 
used on large rivet and chipping hammers where it is neces- 
sary to transmit high feed forces with minimum wrist torque 
(Figure 21-2a). The hammer is used at an approximate natural 
angle of 70", the centerline of the arm and wrist, as the tool is 
gripped. The pistol handle is used for precision tasks by keep- 
ing the tool length short and minimizing the bending forces 
on the wrists by retaining the tool's center of mass on top of 
the handle (Figure 21-2b). When using a 70" natural angle, it 
has been found that low-grip forces transmit twist forces to 
the hand comfortably, whereas high-grip forces can keep the 
arm and wrist straight and, simultaneously, transmit high tool- 
feed forces to the workpiece. Screwdrivers, drills, grinders, 
and nut runners use straight handles (Figure 21-2c). A tool 
diameter of 1.50 in. (38 mm) for males and 1.34 in. (34 mm) for 
females appears optimum to maintain the strongest grip 
strength at minimum hand strain. To minimize wrist loading 
while performing precision work, the tool should be held at 
the shortest distance between the tool and workpiece. 

6. Use tools suspended from the ceiling and/or mechanical arm 
balancers to minimize tool weight and fatigue on the worker. 

7. Reroute air exhaust tool lines away from the worker's fingers 
and hands to minimize cold air exposure that can induce fin- 
ger blanching attacks. 

8. Maintain vibrating tools and implements according to the 
manufacturer's instructions. Replace worn out tools and 
implements. 

9. There are several suggestions for workers to follow. Let the 
tool do the work, gripping it only when necessary and as lightly 
as possible, safely minimizing the vibration coupling into the 
hand. Also, keep the hand and body warm and dry. Avoid smok- 
ing, since nicotine constricts the blood vessels. Use only full- 
finger antivibration (AK) gloves that fit well and keep the 
hands and fingers warm and dry. Where possible, take vibra- 
tion-free breaks. 

10. As appropriate, use the HAV standards. 
11. See a physician if signs and symptoms of hand-arm vibration 

syndrome appear. 
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The high grip 
keeps the straight 
line through the 
arm and wrist for 
high feed forces. 

The low grip is 
used to transmit 
twisting forces 
comfortably to 
the wrist. 

70’ 

Figure 2 1-2 Ergonomically designed handles used with antivibration tools (Courtesy 
Atlas-Copco Co.). 
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There is not a common standard to evaluate every ergonomics 
program. Whether a program is a success or failure depends partly 
on the measures an organization uses. To the employee working at 
a hazardous job, ergonomics should eliminate or reduce risk. To a 
stockholder, money spent on ergonomics should improve the 
stock’s value. A successful ergonomics program will do both. 

Each organization should decide the objectives of its ergonom- 
ics program. Unfortunately, some organizations try to copy pro- 
grams from other organizations, with the predictable outcome of 
too few results obtained at too high a cost. The past is prologue, 
and people initiating a new program can learn from the efforts of 
those who have gone before them. Since the start of the Industrial 
Revolution, fitting work to people has been a goal of management. 
Consequently, there is a rich history of what works (and doesn’t 
work) regarding ergonomics. 

In the last half of the 20th century, a growing number of compa- 
nies have started ergonomic programs. The lessons learned from 
past as well as future directions for evaluating ergonomic programs 
will be explored in this chapter. A common experience of many er- 
gonomics coordinators is that hard work and good intentions are 
important, but the perception that a program is working is as impor- 
tant as the effort that is expended. The difference between success- 
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ful and unsuccessful ergonomics efforts can be traced to the expec- 
tations of management, ergonomics coordinator(s), and workers. 

A common misconception is that ergonomics is an applied sci- 
ence for repetitive assembly work. Organizations that employ peo- 
p l e  or have a product used by people  have ergonomic issues. 
Ergonomic applications outside of manufacturing can be found in 
construction, hospitals, agriculture, military, nuclear plants, and 
schools. A successful ergonomics program is like building a rock 
wall; you have to start with what is available and shape it into what 
you want. 

THE ERGONOMICS PROCESS AND ITS EVALUATION 
Ergonomics is a process that just keeps expanding deeper and 

broader into the organization. At some point, it will become so im- 
bedded that it is not visible as a separate process. The term “ergo- 
nomics program” can be useful in describing the ongoing activities 
that support the overall ergonomics process. As the ergonomics 
process grows, it encompasses larger spheres of influence or do- 
mains, as shown in Figure 22-1. 

Health 

Performance 

Products I I 

inaustry 

Figure 22- 7 Domain influenced by ergonomics. 
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Often, moving a stagnating program from one domain to the 
next will breathe life into it. After several years of working in one 
area of ergonomics, such as health hazards, people in the organiza- 
tion become bored; the ergonomics effort stagnates as the organi- 
zation tries to push measures into levels of diminishing return. 
For example, some organizations concentrate only on workers’ com- 
pensation claims (where the measure is to drive these costs to zero). 
However, as the costs decline, so do ergonomics program efforts, 
resulting in a failed program and ultimately increased compensa- 
tion costs. This cycle may be repeated several times before the or- 
ganization learns to enhance the ergonomics program rather than 
let it deteriorate. 

Success within one domain usually provides a foundation for 
success in the next. However, it is not always necessary to start at 
the health and safety level. Some organizations have started at the 
products level and used a successful human factors program to 
resolve employee health concerns. 

The movement from controlling health hazards to performance 
reflects a shift in perceived importance from an inward look at the 
organization to an outward look at the impact of the organization 
on the world it serves. 

While the evaluation criteria vary for each phase of the ergo- 
nomics process, there are two factors that must be consistent: man- 
agement commitment and employee involvement. 

MANAGEMENT COMMITMENT 
All initiatives in an organization that require resources, either 

capital or labor, must have management approval. Approval, how- 
ever, should not be interpreted as commitment. Support from man- 
agers is required to ensure ergonomics is properly integrated into 
the organization. Management can subvert the ergonomics effort 
with words or actions. When high-level managers comment that 
ergonomics is expensive overhead or back injury complaints are 
usually made by malingerers, the program is doomed, and the per- 
son responsible for implementing ergonomics should look for an- 
other project. Many corporate managers continue to believe that 
careless workers are really to blame for injuries and illnesses. A 
1967 survey of industrial injuries in Pennsylvania concluded that 
only 26% of accidents resulted from employee carelessness, which 
leaves 74% with a direct link to the job or work environment. 
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Management involvement can be spurred by personal circum- 
stance, a need to reduce costs, a desire to improve performance, or 
a commitment to a quality work environment. Managers who have 
suffered an overuse injury often become advocates of ergonomics. 
Ergonomic efforts have often started after an executive secretary 
developed a musculoskeletal disorder. Managers have also become 
strong advocates of ergonomics when a successful implementation 
has resulted in improved business performance at their plant or a 
competitor’s. Even the most recalcitrant manager will go along 
when there has been a series of successes. 

Management commitment includes a vision of how ergonomics 
will shape the organization. Effective managers understand the 
culture of the organization, often looking to reform areas that do 
not conform to business needs. Introducing ergonomics will sup- 
port some existing goals of the organization and conflict with oth- 
ers. For the investment in ergonomics to yield positive results, 
managers must develop a vision for the organization to move from 
the status quo to an organization with ergonomics integrated into 
its culture (see Table 22-1). 

Table 22-1. An example of models used for problem solving 

Business as Usual 

Ergonomics is an expense 

Ergonomics is required (OSHA 
worker compensation) 

Limited number of people 
understand ergonomics 

Ergonomics is not a consideration 
in changes 

People wait for an ergonomist or 
committee to resolve problems 

Workers do not know about 

Ergonomics is not commonly used 

ergonomics 

at work 

Ergonomics Culture 

Ergonomics is an investment 

Ergonomics is used because it is 
good business 

Infrastructure supporting ergonomics 
is broad and deep 

Ergonomics is a consideration for 
all new equipment, tools, 
facilities, information, and 
iobs/tasks 

People are knowledgeable and 
encouraged to resolve problems 
themselves or in their natural 
work groups 

Ergonomics is commonplace 

Ergonomics is taken home and used 
to protect self and family members 

Source: Auburn Engineers: Why Ergonomics Programs Fail, Auburn, AL. With permission. 
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Management commitment can be evaluated as follows: 
Good-there is management accountability and a strategy for 
implementing ergonomics; 
Better-actively involved management assists in developing 
a strategy and short term objectives; 
Best-an advocate in upper management assists in developing 
a vision for ergonomics and understands that implementation 
requires an infusion of various resources as the process devel- 
ops. Management reviews the adequacy of the following: 

Budget; 
Personnel; 
Assigned responsibility; 
Expertise and authority; 
Means to hold responsible persons accountable; and 
Program review procedures. 

On the road to failure: 
Programs do not have visible support from upper management; 
Ergonomics is perceived by the employees as another flavor 
of the month program; 
No policy statement on ergonomics and no written program; and 
No requirement for measurable short-term results. 

EMPLOYEE INVOLVEMENT 
The ergonomics coordinator must be a technical resource with 

skills in ergonomics. This person is a company employee or con- 
tractor with a thorough knowledge of the structure, information flow, 
and key players in the organization. The technical skills may vary 
with the size of the site and type of activities of the organization. 

Supervisors and workers also must be involved in ergonomics. 
Ergonomic interventions will affect the way workers perform their 
jobs. Consequently, they should be involved in reviews and chang- 
es. There are several problems with relying on an ergonomics ex- 
pert to do all the work: 

1. No one is a better expert on the job than the person who does 

2. Convincing the worker that an expert can solve the problem 
the job. 

is a tough sell. 
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3. Solutions that create the perception that the job will take more 
time, is dangerous, or will significantly change the routine 
are hard to sell. 

Employee involvement can be evaluated as follows: 
Good-employee with strong technical skills in ergonomics 
leads a team composed of management and labor; 
Better-matrix team led by a person with strong management 
skills is able to address concerns across the site. A person with 
technical skills in ergonomics participates with other team 
members; 
Best-ergonomic knowledge and problem solving is developed 
in each functional area of the site (office, shippingheceiving, 
maintenance, etc.). A person with technical skills in ergonom- 
ics acts as a coach. Ergonomic issues are considered in safety, 
production, and quality meetings at all levels. Workers and 
their representatives participate fully in developing the ergo- 
nomics program and conducting training, education, and au- 
dits. Employees enthusiastically support the ergonomics 
program. 

On the road to failure: 
Programs depend totally on people outside the organization; 
Packaged programs where little time is spent adapting to the 
needs of the organization; 
Employees are not aware of the policy on ergonomics and re- 
porting; and 
The policies and attitudes of management discourage reporting. 

CONTROL AND PREVENTION OF OCCUPATIONAL 
HEALTH HAZARDS 

Increasing injuries, rising workers' compensation costs, compli- 
ance with the Americans with Disabilities Act, and citations from 
the Occupational Safety and Health Administration (OSHA) have 
prompted many organizations to address musculoskeletal disor- 
ders in the workplace. Organizations have used a variety of mod- 
els to address musculoskeletal disorders (see Table 22-2). 

A review of safety and health programs resulted in the develop- 
ment of a four-component program that was presented in OSHA's 
guidelines for voluntary safety programs. The same model was used 
in the ergonomics program management guidelines for meatpack- 
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Table 22-2. Models used for problem solving 

Hygiene Model I Engineering Model I Quick and Dirty Model 

1. 
2. 
3. 

Anticipate 
Recognize 
Eva I uate 

4. Control 

1. Identify the problem 
2. Analyze the problem 
3. Identify alternatives 
4. Select the best solution 
5. Implement the solution 
6. Follow up 

1. Find 'em 
2. Fix 'em 

ing plants. The program has been used extensively within the red 
meat industry and in other organizations. The four components are: 

Work site analysis; 
Hazard control; 
Medical management; and 
Training. 

Necessary elements in finding existing problems: 
Surveillance techniques include reported cases as well as ob- 
servation of the workplace; 
Injury and illness information is reviewed periodically, with 
trends signaling the need for controls; 
Accident and near miss reports are reviewed to find links to 
musculoskeletal disorders; 
Investigations involving musculoskeletal disorders include 
work methods review, work history, health history, and off- 
the-job information; 
Surveys conducted periodically to drive appropriate correc- 
tive action; and 
Current hazard analyses are documented for all work areas 
and communicated and available to all the work force as well 
as designers, suppliers, and buyers. 

WORK SITE ANALYSIS 

Warning signs include: 

Problem jobs not prioritized; 
No timetable for corrective actions; 
Acute and chronic disorders investigatedwith the same form; and 
Employees reluctant to report hazards. 
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HAZARD PREVENTION 
Necessary elements of hazard prevention include: 
Organization. 

Focal point for ergonomics within the organization; and 
Temporary employees and contractors are included in the er- 
gonomics program. 

A problem-solving process. 

A problem-solving method has been implemented, allowing 
various people to participate, with the process describing the 
risk factors and encouraging employee input; 
Engineering controls implemented for most problem jobs; 
Initial efforts concentrate on jobs where success can be easily 
measured; and 
The effectiveness of corrections are reviewed in follow-up 
audits. 

Engineering. 

Plans operations and procedures to prevent exposure to hazards; 
Notifies the ergonomics coordinator of planned changes to jobs 
or the environment; and 
Involves the ergonomics coordinator in new installations at 
the design phase of the project. 

Purchasing. 
Ensures that only equipment, tools, and materials that use 
ergonomics principles are purchased. 

Warning signs include: 
The ergonomic coordinator or outside expert is relied upon to 
control all problem jobs; 
Ergonomic coordinator is not familiar with job assessment 
tools (such as the NIOSH lift equation); 
There is work on problem jobs, but no results; 
No follow-up to determine the effectiveness of controls; and 
Mostly high-cost solutions, with implementation two or more 
years in the future. 

ME DlCAL MANAG EM ENT 

tecting musculoskeletal disorders, must: 
Health care providers, when treating injured workers and de- 
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Use a protocol for diagnosing musculoskeletal disorders; 
Be trained to treat musculoskeletal disorders; 
Recommend placement of employees whose physical and 
mental capabilities are within the requirements of the job; 
Periodically examine employees working at hazardous jobs, 
and periodically observe their jobs; 
Be available for all shifts and fully involved in hazard identi- 
fication and training; 
Provide employees with multiple physician review at organi- 
zation’s expense; 
Formulate a musculoskeletal disorder management plan for 
each employee with a work-related musculoskeletal disorder; 
Have regular contact with employees who are injured and are 
away from work or on restricted duty; 
Make contact with the persons who develop return-to-work 
plans; 
Recognize symptoms that indicate a problem job and com- 
municate the needs for a job review. 

Warning signs include: 

Employees having surgery without attempting conservative 
treatment; and 
Splints and supports commonly used without review by a 
health care provider. 

TRAINING 
Necessary elements for imparting awareness, education, and job 

skills: 
Employees involved in training development and implemen- 
tation; 
Employees (including temporary employees and contractors) 
can recognize hazards associated with their job and recognize 
symptoms of musculoskeletal disorders; 
Supervisors and workers know the policy on musculoskeletal 
disorders; 
Observational and problem-solving skills are developed with- 
in a work group, such as accounts receivable, warehouse, qual- 
ity lab, assembly line, and maintenance; 
Targeted education for management, designers, engineers, and 
purchasing employees; 

389 



Ergonomics in Manufacturing 

An ergonomic coordinator with knowledge appropriate for the 
responsibilities and organization; and 
Time provided to allow employees (new hires and relocated) 
to acclimate to jobs. 

Warning signs include: 
Training employees to recognize musculoskeletal hazards, 
without a problem-solving strategy; 
Ergonomics is considered only as common sense and no train- 
ing is provided for management or technical employees; and 
Training not audited for effectiveness. 

THE BOTTOM LINE 
In addition to the four components, a test of a program’s success 

can be found by examining two specific items. First, has there been 
a significant change in the statistics of importance to the organiza- 
tion (for example, have injuries or compensation costs been signif- 
icantly reduced)? Second, is there a specific system or set of systems 
in place that leads to these changes, and helps to ensure the con- 
tinuation of resulting gains? If there have been significant chang- 
es without accompanying changes in the system, then the results 
are likely to cease in the future. 

Success in controlling occupational health hazards and additional 
items within the other domains is based on both activity measures 
and impact measures of the process. By looking at these measures, 
a balanced review of the ergonomics process and its associated 
program can be achieved. 

Necessary elements include: 
A plan for allocating resources and coordinating work site anal- 
ysis, hazard prevention, medical management, and training; 
Reports and measures implemented to monitor the ergonom- 
ics process; 
Random audits of the workplace, medical management, and 
training; 
Observation analysis to evaluate progress; 
Tracking data such as incidence rates, severity rates, work- 
ers’ compensation costs, number of problem jobs that are con- 
trolled, and the quality of the problem-solving effort; and 
Auditing the ergonomics program at least annually. 
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Warning signs include: 

No short-term measures; and 
No mix of activity and impact measures. 

CONTROL OF CONDITIONS AFFECTING PERFORMANCE 
Ergonomic principles are used not only to control health issues, 

but also business performance issues. The ergonomic process im- 
pacts policy decisions. For example, workstations may be changed 
to control problems among computer users in the health phase; in 
the performance phase, breaks and job enlargement become poli- 
cy issues. There is not a distinct line separating many health and 
performance issues, but there are work groups within the organi- 
zation that are able to identify performance issues and implement 
successful controls. 

Without an ergonomics process in place, new jobs are not de- 
signed with the worker in mind. Job designers and engineers have 
a variety of reasons for not using ergonomic principles, but the 
bottom line is that the majority of engineers are not taught ergo- 
nomics principles in school. Engineers and job designers need to 
become aware of these principles and their practical application if 
the organization is to eliminate hazards from new workstations. 
Table 22-2 lists several reasons why designers and engineers do 
not use ergonomics. 

Table 22-2. Reasons why designers and engineers don't use ergonomics. 

1. There is no real science. 
2. People don't want to change. 
3. We don't have ergonomic problems with new designs. 
4. People should go home tired after work. 
5. Indoor work without heavy lifting can't cause an injury. 
6. You can find workers who don't complain about the job. 
7. That job will be automated soon. 
8. If we mention ergonomics concerns, we'll get more complaints. 
9. Workers don't know what is best for them. 

10. Ergonomics costs too much. 
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Necessary elements to control conditions affecting performance: 
Measures of the ergonomics process are expanded to include 
turnover, absenteeism, rework, and customer complaints; 
Reports of accidents and near misses are distributed to en- 
gineering and purchasing, as well as to safety and medical 
personnel; 
Surveys and interviews are used to detect problems before a 
medical visit; 
Ergonomic reviews are integrated into existing audits of per- 
formance and quality; 
A comprehensive safety and preventative maintenance program 
that maximizes equipment reliability and performance; and 
Information on successes is shared with other sites. 

Warning signs include: 
Measures of the effort to control problem jobs is eliminated; and 
Incidents and health trends not reviewed. 

EVALUATING PRODUCTS OF THE ORGANIZATION 
Manufacturers who develop consumer or military products may 

have started their ergonomics effort with a human factors program. 
The aim of many of these programs is to improve the reliability or 
usability of products (make them user-friendly). While the ergo- 
nomic principles are the same for health, performance, and prod- 
ucts, the ergonomic skills and location of expertise in the 
organization may be different for the products phase. Today, many 
organizations integrate marketing, design, production, sales, and 
service, so that ergonomics principles can be applied throughout 
the organization. In the products phase, ergonomics must be con- 
sidered in design. 

In addition to fit and usability issues, people in marketing and 
design may want to know how a user perceives the product. For 
this type of analysis, the ergonomist must have psychological and 
sociological skills. 

Products for external and internal customers should be consid- 
ered. An organization may spend time and effort to develop a cus- 
tomer survey form to obtain information about a product. The same 
techniques can be used to obtain information on the effectiveness 
of forms and procedures used within the organization. 
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Necessary elements: 
An ergonomic review as part of the audit of instructions and 
procedures for external (for example, usability, instructions) 
and internal products (such as forms, computer systems); 
Ergonomic expertise is expanded to include psychological and 
sociological analysis; 
Audits measure the health and performance impacts of the 
ergonomics process; and 
Ergonomics considered in job content and organizational 
changes. 

Warning sign: 
Ergonomics is added, rather than integrated, into the job de- 
mands of designers. 

OUTREACH WITHIN THE TRADE 
In the quality process, a certain level of maturity is reached when 

an organization begins to involve its customers and suppliers in 
its quality program. The same is true of an ergonomics program. 
Within this domain, the organization will begin an outreach be- 
yond its own boundaries. 

Initially, this will involve suppliers, customers, and changes in 
the manufacturing process to reduce or eliminate ergonomics haz- 
ards and risk factors that cannot be resolved any other way. For 
example, a manufacturer of automobile parts may approach a cus- 
tomer about changes to the part, which will enhance the ergonom- 
ics of manufacturing (not unlike current suggestions made to 
reduce costs or improve quality and reliability). 

In other cases, the organization may approach its suppliers with 
changes that make manufacturing easier. For example, an auto- 
mobile assembly plant may request changes that make the instal- 
lation of certain parts safer-just as they might request changes to 
lower costs or improve quality in today’s market. 

Finally, as organizations become more confident in their own 
ergonomics process and program, they will become willing to share 
it with others within the trade to enhance overall safety. Many trade 
groups sponsor industry-wide safety and health meetings, and the 
sharing of ergonomics information will be handled in a similar way. 
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Necessary elements: 
Meetings held within the site, within the company, within the 
industry, and within the supplier community to discuss ergo- 
nomic issues; 
Cost of supplies considered a measure of the ergonomics pro- 
cess; and 
Audits of health, performance, and products conducted and 
the results assessed by management. 

Warning sign: 
Requiring suppliers to accept measures or structure for the 
ergonomics process developed at your organization. 

CONTRl BUTIONS TO THE TECH N ICAL/LEGISLATIVE COMMUNITY 
Many organizations hesitate to allocate resources to an ergonom- 

ics process because they don’t know of anyone in their industry 
who has been successful at applying ergonomic principles. The 
technical and personnel barriers seem insurmountable to many 
organizations. The knowledge base on ergonomics, however, con- 
tinues to grow. Many of the rumors about ergonomics can be dis- 
pelled by someone in the industry who can say, “we tried it and it 
worked.” 

Where there is a need for legislation or policy decisions on ergo- 
nomics, the organization should be prepared to share its experi- 
ence with the legislative committees. This process allows the 
legislative body to make informed decisions. 

Ergonomics fits the job to the workers and results in the elimi- 
nation or reduction of discomfort. Therefore, the ergonomics pro- 
cess plays an important role in resolving quality of work life issues. 
Ergonomic principles can be used away from work to recognize 
symptoms and influence changes in lifestyle. 

Necessary elements: 
People who have been involved in the ergonomic process are 
given time to present talks and papers on their experience; 
Forms and procedures used for ergonomics are shared with 
other industries; 
Employees discuss the use of ergonomic principles on appli- 
cations away from work; and 
Industry issues affected by ergonomics become management 
and trade association action items. 
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CONCLUSION 
There are many intangibles in the evolution and evaluation of a 

successful ergonomics process. Many elements of the ergonomics 
process are difficult to measure and require judgment, which may 
lead to a variety of opinions on the degree of success. The process 
can be likened to a voyage into a new frontier. 

The elements of each organization, such as management philos- 
ophy, goals, available resources, and labor relations, create unique 
environments that preclude one right answer for all. Each organi- 
zation must find its own comfort level with ergonomics, which will 
ultimately enable it to design jobs with people in mind. 

The opinions expressed in this chapter are those of the author 
and do not reflect the intent or position of OSHA on the evaluation 
of ergonomics programs. 
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AUDITING ERGONOMICS 
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MEASUREMENT, CHANGE, AND AUDITING 
Audits are used for checking that certain acceptable policies and 

practices have been consistently followed (Carson and Carlson 
1977). In this chapter, auditing methods are applied to ergonomics. 

Modern management is encouraged to be “measurement-driv- 
en.” Deming’s cycle of “plan, do, check, act” has measurement at 
its core and, indeed, he repeatedly stressed “management by fact” 
(Deming 1986). After many years in which companies insisted that 
the only numbers were financial, we are returning to the concept 
that broadly defined measurement is essential to the change pro- 
cess. Companies embarking on one of the newer quality methodol- 
ogies are encouraged to use more detailed measurements of 
performance and more global comparison standards. These new 
methodologies have in common the implementation of change, and 
ergonomics is no exception. Thus, it is only appropriate that the 
same standards of measurement be applied to ergonomics and 
human factors. 

Fortunately, ergonomics has developed many useful measure- 
ment techniques (Wilson and Corlett 1995). The requirement is to 
turn the wealth of ergonomics evaluation techniques into practi- 
cal, usable ergonomics audit methodologies. This chapter shows 
how audit methodologies can be designed, evaluated, and used in 
industry. It draws on a more detailed treatment, which is the pri- 
mary reference source for further reading (Drury 1997). 

WHY AUDIT ERGONOMICS? 
Although measurement is de rigeur in industry today, we need 

to have a clear idea of why an ergonomics audit in particular may 
be valuable. Assuming we are auditing the ergonomics of a pro- 
duction system rather than a product, then our main reason for an 
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ergonomics audit is to measure how well ergonomics has been ap- 
plied to that production system. Whether we are measuring a whole 
company, an assembly line, a control room, a shipping department, 
or a hospital radiology laboratory, the true test of ergonomics ap- 
plication is that measurably more features will be ergonomically 
correct. An obvious analogy is to chair design: no matter what the 
sales brochure says about ergonomics, if the chair is the wrong 
height or wrong shape it will not be an ergonomic chair. Ergonom- 
ics is as ergonomics does! 

A Program Rather than a Project 
An ergonomics audit takes a snapshot of the production system 

at a point in time, rather than, for example, analyzing injury or 
quality records. Because the audit evaluates a whole production 
system, it can be used as an assessment tool for the organization 
that performed the ergonomics. In this way, the impact of an ergo- 
nomics effort can be measured beyond a single project. 

Most ergonomics evaluations use matched measurements be- 
fore and after an ergonomics project to measure the project’s suc- 
cess. For example, to demonstrate successful ergonomics efforts 
in reducing the cumulative trauma disorder potential of leather 
sewing operators, Drury and Wick (1984) measured daily damag- 
ing wrist motions for each wrist before and after ergonomics chang- 
es were made at several workplaces. Other examples of measuring 
the success of individual projects, from manufacturing cells to pro- 
duction lines, can be found in Drury (1991). In each, the project 
was the focus, so that an audit really was not needed. But as we 
move from ergonomics projects to ergonomics programs, audits 
become valuable to assess the results of a range of ergonomics ac- 
tivities. 

As a human factors group becomes more involved in strategic 
decisions about identifying and choosing the projects it performs, 
evaluation of individual projects is less revealing. All projects could 
have a positive impact, but the group could still achieve more with 
an astute choice of projects. The group could conceivably have a 
more beneficial impact on the company’s strategic objectives by 
stopping all projects for a period to concentrate on training the 
management, work force, and engineering staff to make more use 
of ergonomics. An audit answers the question, “how well is the 
overall ergonomics program performing,” rather than “what was 
the benefit of that (single) ergonomics project.” 
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Moving Picture 
An ergonomics audit proceeds by measuring key indicators of 

an ergonomics application at a single point in time. It can be re- 
peated at intervals to measure progress and trends, giving a mov- 
ing picture rather than a snapshot. Indeed, an ergonomics audit 
can be applied before and after an ergonomics program to mea- 
sure its impact in the same way that individual ergonomics projects 
are evaluated. 

Beyond the evaluation of ergonomics programs, we can add fea- 
tures to an ergonomics audit that allow it to evaluate the overall er- 
gonomics process within a company. The issues here are how well an 
ongoing ergonomics function is utilized, whether its existence and 
expertise are known to the appropriate people, and so on. An exam- 
ple of such an audit of a multiplant company is given in Drury (1990). 
A more recent example will be presented later in this chapter. For 
evaluating the ergonomics process, the techniques are somewhat 
expanded beyond those used in program evaluation. In addition to 
examining the ergonomic quality of the production system, we need 
to probe the networks of contacts and information surrounding the 
ergonomics function, usually using interview techniques. 

CHOICES FOR AN AUDIT SYSTEM 
Now that we have decided why to audit, the obvious next ques- 

tion is how to do it. However, before giving examples of audit tech- 
niques and methodologies, some basic choices must be made. What 
is the audited unit? How is it sampled? How much depth and 
breadth is needed? 

To determine how well ergonomics has been applied, we must 
decide, “applied to what.” For jobs where an operator remains rel- 
atively fixed at one workplace (or a few workplaces), then the work- 
place represents the obvious unit of audit. Thus, our audit samples 
from the list of all workplaces. This is the most common audit as- 
sumption (Mir 1982; Drury 1990). However, for some jobs, such as 
maintenance, it may not be possible to enumerate all the work- 
places because they only come into being when a particular item 
needs maintaining. For such cases, the natural unit is the daily 
activity of the (maintenance) operator, and there must be a sam- 
pling of activities rather than workplaces. Audit programs for such 
jobs have been developed for aviation maintenance and will be giv- 
en as examples later (Chervak and Drury 1995; Koli 1994). 
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Ideally, an audit system would be broad enough to cover any task 
in any industry. It would provide highly detailed analysis and rec- 
ommendations, and be applied rapidly. Unfortunately, the three vari- 
ables of breadth, depth, and application time are likely to trade off 
in a practical system. Thus, a thermal audit sacrifices breadth to 
provide considerable depth based on the heat balance equation, but 
requires measurement of seven variables (Parsons 1992). Some can 
be obtained rapidly (air temperature, relative humidity), but some 
take longer (clothing insulation value, metabolic rate). Conversely, 
structured interviews with participants in an ergonomics program 
can be broad and rapid, but quite deficient in depth (Drury 1990). 

WfES OF CHECKLISTS 
At the level of audit instruments, such as questionnaires or check- 

lists, there are comprehensive surveys such as the Position Analy- 
sis Questionnaire (McCormick 1979), the Arbeitswissenschaftliche 
Erhebungsverfahren zur Tatikgkeitsanalyse (AET), which takes two 
to three hours to complete, or the simpler Work Analysis Checklist 
(McCormick 1979; Rohmert and Landau 1983; Pulat 1992). Alter- 
natively, there are simple single-page checklists, such as the Ergo- 
nomics Working Position-Sitting Checklist that can be completed 
in a few minutes (SHARE 1990). 

We need to choose the most appropriate trade-offs between depth, 
breadth, and time. Often, it is better to hedge our bets and conduct 
a broad rapid audit that points to specific areas of need for more 
detailed (and longer) audits. 

We must also deal with the quality of the measurements we ob- 
tain from the audit. We must consider those attributes of a mea- 
surement that allow it to be issued with confidence by practitioners. 
These attributes are conventionally defined by: 

Validity-how well the measure relates to the underlying phe- 
nomenon. For example, how does a standard surface rough- 
ness measurement relate to the customer’s perception of finish 
quality? We evaluate validity by correlating our measure with 
an independent measure of the phenomena. 
Reliability-if we take the same measurement many times, 
does it give the same value? Unless we have reliable measures, 
we are introducing unnecessary noise into the measurement 
process. Thus, we should have frequently calibrated gages to 
measure physical phenomena or well-constructed psychophys- 
ical scales to evaluate human-derived phenomena. 
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3. Sensitivity-if the measurement does not vary much despite 
known changes in the process, its sensitivity is in doubt. We 
must be able to observe the variation in the measurement as 
the process is changed. Thus, a stop watch is inappropriate for 
assessing the performance of an electronic timer if the vari- 
ability between timer examples is of the order of 0.1 seconds. 

Before using an existing audit system, see that all criteria have 
been met. For example, the Upper Extremity Checklist was evalu- 
ated on these criteria and found to be valid, reliable, and sensitive 
(Keyserling et al. 1993). 

AUDIT DESIGN 
Having asked the basic questions about audit systems, we can 

move on to good practice in audit design. The two basic data col- 
lection methods are the survey form or checklist used at each work- 
place, and the interview format used to collect process data from 
other stakeholders. Both should follow established questionnaire/ 
checklist/interview design principles, for example, those in Sin- 
clair (1995) or Patel, Drury, and Prabhu (1993). These principles 
cover layout, working, and sampling, and are valuable in ensuring 
reliable data collection. 

Some points specific to survey forms need to be raised. First, as 
far as possible, we should use ergonomics standards and verified 
best practices as the basis for workplace evaluations. A good re- 
view of available standards is in the special issue of Applied Ergo- 
nomics (Parsons 1995). There are other best practice sources that 
do not have the weight of standards, but are nonetheless valuable; 
for example, the NIOSH lifting equation (Waters et al. 1993) and 
the military human factors standard MIL-STD-1472D (Department 
of Defense 1989). 

If standards and other good practices are used in a human fac- 
tors audit, they provide a quantitative basis for decision making. 
Measurement reliability can be high and validity self-evident for 
legal standards. However, it is good auditing practice to record only 
the measurement used, and not its relationship to the standard, 
which can be established later. This removes any temptation by 
the analyst to bend the measurement to reach a predetermined 
conclusion. Illumination measurements, for example, can vary con- 
siderably over a work space, so that an audit question: 

Work surface illumination > 750 Lux 0 yes 0 no 

401 



Ergonomics in Manufacturing 

could be legitimately answered either way for some work spaces 
by choice of sampling point. Such temptation can be removed, for 
example, by the following question. 

Illumination at four points on workstation: 
0 0 0 0 Lux 

Later analysis can establish whether, for example, the mean ex- 
ceeds 750 Lux, or whether any of the four points fall below this 
level. 

HOW TO AUDIT ERGONOMICS 
The auditor has a choice of existing audit programs, from sim- 

ple checklists to fully developed computer-based sampling systems. 
Only two general-purpose systems will be presented here to illus- 
trate the range available, augmented by a small case study to show 
typical results. More examples of audit systems and their use can 
be found in Drury (1997). 

The first example is a general-purpose, workplace-based audit, 
the Ergonomics Audit Program (Mir 1982; Drury 1990). This sys- 
tem was developed for a multinational company, and comprises a 
cluster sampling plan to select departments and workplaces, and a 
workplace survey. 

The workplace survey was designed based on ergonomic aspects 
derived from a task/operator/machine/environment model of the 
person at work. Each aspect formed a section of the audit, and sec- 
tions could be omitted if they were clearly not relevant, such as 
manual material handling aspects for data entry clerks. Questions 
within each section were based on standards, guidelines, and mod- 
els. Table 23-1 shows the major sections and typical questions. 

Data was entered into the computer program and a rule-based 
logic evaluated each section to provide messages to the user in the 
form of a “Section shows no ergonomic problems” message, for 
example, “Results from analysis of auditory aspects-everything 
OK in this section”; or a “Discrepancies from a single input” mes- 
sage, for example, “Seats should be padded, covered with nonslip 
materials, and have front edge rounded”; or a “Discrepancies based 
on the integration of several inputs” message, for example, “The 
total metabolic workload is 174 watts, intrinsic clothing insulation 
is 0.56 clo, initial rectal temperature is predicted to be 97” F (36O C), 
final rectal temperature is predicted to be 99” F (37O C).” 

Counts of discrepancies were used to evaluate departments by 
ergonomics aspect, while the messages were used to alert company 
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Table 23-1. Workplace survey: structure and typical questions 

Section 

Visual aspects 

Auditory aspects 

Thermal aspects 

Instruments, controls, 
displays 

Design of 
workplaces 

Manual material 
handling 

Energy expenditure 

Assem bly/repetitive 
aspects 

Inspection aspects 

Maior Classification 

~ 

*Standing vs. seated 
Displays 

*Labeling 
Coding 

*Scales, dials, 

Control/display 

Controls 

counters 

relationships 

~ 

Desks 
*Chairs 
*Posture 

NIOSH Lifting 
Guide, 1981 

~ 

Examples of Questions 

*Nature of task 
*Measure illuminance at task 
(midfield, outer field) 

~ 

*Noise level, dBA 
*Main source of noise 

*Strong radiant sources 

*Wet bulb temperature 
Clothina inventory 

present? 

*Are controls mounted 
between 30-70 in. 
(76-1 78 cm)? 

checks 
*Signals for crucial visual 

*Are trade names deleted? 
*Color codes same for control 

*All numbers upright on fixed 

*Grouping by sequence or 

*Emergency button diameter 

and display? 

scales? 

subsystem? 

> 0.75 in. (19 mm)? 

*Seat to underside of desk 
> 6.7 in. (1 7 cm)? 

*Height easily adjustable 15- 
21 in. (38-53 cm)? 

*Upper arms vertical? 

*Task, H, V, D, F 

Cycle ti me 
*O bject weight 
*Twe of work 

*Seated, standing, or both? 
If heavy work, is bench 
6-16 in. (15-41 cm) below 
elbow height? 

*Number of fault types? 
*Training time until 
unsupervised? 
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personnel to potential design changes. This latter use of the out- 
put as a training device for nonergonomic personnel was seen as 
desirable in a multinational company rapidly expanding its ergo- 
nomics program. 

Reliability and validity have not been assessed, although the 
checklist has been used in a number of industries (Drury 1990). 
The workplace survey has been included here because, despite its 
lack of measured reliability and validity, it shows the relationship 
between the audit as methodology and the checklist as technique. 

Aircraft Checklists 
The ERGO, E M ,  and ERNAP checklists are part of complete 

audit systems for different aspects of civil aircraft hangar activi- 
ties (Koli et al. 1993; Chervak and Drury 1995). They were devel- 
oped for the Federal Aviation Administration (FAA) to provide tools 
for assessing human factors in aircraft inspection (ERGO) and 
maintenance (EEAM) activities, respectively. Inspection and main- 
tenance activities are nonrepetitive in nature, controlled by task 
cards issued to technicians at the start of each shift. Thus, the sam- 
pling unit is the task card, not the workplace, which is highly vari- 
able between task cards. Their structure was based on extensive 
task analyses of inspection and maintenance tasks, which led to 
generic function descriptions of both types of work (Drury et al. 
1990). Both systems have sampling schemes and checklists, and 
are computer-based with initial data collection on either hard copy 
or input directly into a portable computer. Recently, both have been 
combined into a single program (ERNAP) distributed by the FAA’s 
Office of Aviation Medicine. The structure of ERNAP and typical 
questions are given in Table 23-2. 

As in Mir’s Ergonomics Audit Program, the ERNAP checklist is 
modular, and the software allows formation of data files, selection 
of required modules, analysis after data entry is completed, and 
printing of audit reports. Similarly, the ERGO, EEAM, and ERNAP 
instruments use quantitative or yes/no questions to compare the 
entered value with standards and good practice guides. Each takes 
about 30 minutes per task. Output is in the form of an audit report 
for each workplace, similar to the messages given by Mir’s work- 
place survey, but in narrative form. Output in this form was cho- 
sen for compatibility with existing performance and compliance 
audits used by the aviation maintenance community. 

Reliability of a first version of ERGO was measured by compar- 
ing the output of two auditors on three tasks. Significant differ- 
ences were found at p <  0.05 on all three tasks, showing a lack of 
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Table 23-2. ERNAP structure and typical questions 

Audit Phase 

. Pre-maintena nce 

I. Maintenance 

Major Classification 

Documentation 

Communication 

Visual characteristics 

Electric/pneumatic 
equipment 

Access equipment 

Documentation (M) 

Communication (M) 

Task lighting 

Thermal issues 

Operator perception 

Auditory issues 

Electrical and pneumatic 

Access equipment (M) 

Hand tools 

Force measurements 

Manual material handling 

Vibration 

Repetitive motion 

Examples of Questions 

Is feed forward information on 
faults given? 

Is shift change documented? 

If fluorescent bulbs are used, 
does flicker exist? 

Do push buttons prevent 
slipping of fingers? 

Do ladders have nonskid 
surfaces on landings? 

Does inspector sign off work 
card after each task? 

Explicit verbal instructions from 
supervisor? 

Light levels in four zones 
during task (fc). 

Wet bulb temperature in 
hanger bay (" F [" C]) 

Satisfied with summer thermal 
environment? 

Noise levels at five times during 
task (dBA) 

Are controls easily 
differentiated by touch? 

Is correct access equipment 
ava i I a b le? 

Does the tool handle end in 
the palm? 

What force is being applied 
(Ib [kgl)? 

Does task require pushing or 
pulling forces? 

What is total duration of 
exposure on this shift? 

Does the task require flexion of 
the wrist? 
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Table 23-2. ERNAP structure and typical questions (continued) 

Audit Phase 

II. Maintenance 
(continued) 

I I I. Post-maintenance 

Major Classification 

Access 

Posture 

Safety 

Hazardous material 

Buy back 

Examples of Questions 

How often was access 
equipment repositioned? 

How often were following 
postures adopted? 

Is inspection area adequately 
cleaned for inspection? 

Were hazardous materials 
signed out and in? 

Are discrepancy work sheets 
readable? 

inter-auditor reliability. Analysis of these differences showed them 
to be largely due to errors on questions requiring auditor judg- 
ment. When such questions were replaced with more quantitative 
questions, the two auditors had no significant disagreements on a 
later test. Validity was measured using concurrent validation 
against six Ph.D. human factors engineers who were asked to list 
all ergonomic issues on a powerplant inspection task. The check- 
list found more ergonomic issues than did the human factors engi- 
neers. Only a small number of issues were raised by the engineers 
that were missed by the checklist. 

For the EEAM checklist, again an initial version was tested for 
reliability with two auditors, who answered the same on only 85% 
of the questions. A modified version was tested and the reliability 
was considered satisfactory with 93% agreement. Validity was again 
tested against four human factors engineers, and this time the 
checklist found significantly more ergonomics issues than the en- 
gineers, without missing any issues they raised. 

The ERNAP audits have been included here to provide exam- 
ples of checklists embedded in an audit system where the work- 
place is not the sampling unit. They show that nonrepetitive tasks 
can be audited in a valid and reliable manner. In addition, they 
demonstrate how domain-specific audits can be designed to take 
advantage of human factors analyses already made in the domain. 

At this point, it should be mentioned that the term ergonomics 
audit also has been used to describe the classification of recorded 
human errors in complex systems. A novel interview-based audit 
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system was proposed by Fox (1992) based on methods developed at 
British Coal (Simpson 1994). Here, an error-based approach was 
taken, using interviews and archival records to obtain a sampling 
of actual and possible errors. These were then orthogonally classi- 
fied using Reason’s (1990) active/latent failure scheme by Rasmus- 
sen’s (1987) skill-, rule-, knowledge-based framework. Each active 
error is thus a conjunction of slip/mistake/violation with skill/rule/ 
knowledge. Within each conjunction, performance-shaping factors 
can be deduced and sources of management intervention listed. 
This methodology has been used in a number of mining-related 
studies and has been highly successful in reducing human errors 
(Simpson 1994). 

AN ERGONOMICS AUDIT EXAMPLE 
An ergonomics audit program was used to evaluate an ongoing 

ergonomics program in an electronic equipment manufacturing 
plant. The following is adapted from the audit report to the compa- 
ny (Fish 1996). 

The audit took place at a three-year-old plant where ergonomics 
had been used in the original design. In the year prior to the audit, 
an ergonomics program had been introduced to alleviate muscu- 
loskeletal injury problems, with an on-site nurse-ergonomist and a 
visiting corporate ergonomist as ergonomics providers. An ergo- 
nomics process was implemented whereby operators having mus- 
culoskeletal difficulties on their job were encouraged to seek help 
via their supervisors. Ergonomic awareness was provided by a two- 
hour course on personal ergonomics offered to operators, an eight- 
hour required course for supervisors, and a 40-hour required course 
for engineers. An ergonomics committee was formed under the 
safety committee to foster awareness and address specific ergo- 
nomic problems. 

To evaluate the ergonomics program, the workplace survey of 
the ergonomics audit program was used on 15 workplaces, cover- 
ing a variety of jobs. Interviews were held with six decision makers 
(managers, supervisors), five users (one was a union representative), 
and three providers (nurse-ergonomist, corporate ergonomist, safe- 
ty specialist). All interviews probed the definition and use of ergo- 
nomics, asked for specific examples of its use, and encouraged 
open-ended comments using questions similar to those reported 
in Drury (1997). 

The workplace survey was presented in the same order as ap- 
pears in Table 23-1. The visual environment was generally inade- 
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quate, with a mean illuminance level of 379 Lux at the task. This 
was somewhat below typical minimum recommendations of 500- 
1,000 Lux for industrial assembly tasks. Task lights were rarely 
used, so that for most workplaces the work point was the darkest 
part of the visual field, rather than the brightest. 

In contrast, the auditory and thermal environments were good, 
with a mean sound pressure level of 68 dBA, and a generally warm, 
dry atmosphere. Only three of the workplaces were outside the Amer- 
ican Society of Heating, Refrigerating, and Air-conditioning Engi- 
neers (ASHRAE) comfort zone, all in the direction of low humidity. 

Few workplaces needed instrument, control, or display evalua- 
tion. The only problem was found in the packaging manipulators, 
where the toggle controls were of the wrong type, too high for reg- 
ular use, and inadequately labeled. 

The workplace design audit showed good and poor features. 
Chairs were well-designed and adjustable, but could be used only 
for breaks, as the workplaces required all-day standing. The elec- 
trostatic discharge straps on the operators’ feet were found to be 
quite restrictive in prolonged standing. The main discovery in the 
assembly and repetitive aspects of the audit was the high frequen- 
cy of damaging wrist motions at almost all workplaces. This was 
due, in part, to product design and workstation layout, and also to 
operators not adopting the most advantageous positions. Product 
and workplace redesign should be accompanied by operator train- 
ing in good posture. In addition, the working points at worksta- 
tions were usually too high because product size was not considered 
when fixing conveyor heights. Excessive shoulder work was re- 
quired at the current heights. Finally, many components were lo- 
cated far from the operator’s standing position, leading to excessive 
reaching. Again, workplace redesign was in order. 

Workplaces with a manual material handling component were 
analyzed using the NIOSH (1981) lifting formula. For two tasks, 
the actual weight exceeded the acceptable limit, mainly due to ex- 
cessive reaching. Energy expenditure limits were not exceeded. 
Inspection tasks were not sampled. 

For the more process-oriented aspects of the audit, results from 
the decision makers, users, and providers are considered together 
to form a picture of the ergonomic culture of the plant. Perhaps 
the most surprising result was that five of the six decision makers 
and four of the five operators defined ergonomics in terms of “fit- 
ting the worker to the job,” rather than the expected “fitting the 
job to the worker.” Their comments bore out this bias, coming 
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mainly from an occupational medicine perspective rather than from 
an engineering perspective. Ergonomics involvement was entirely 
reactive, with providers responding to problems perceived by the 
work force. The main person called upon as provider was the nurse- 
ergonomist, who was perceived as much more receptive than su- 
pervisors or engineers. 

Ergonomics providers were in short supply, with only the nurse- 
ergonomist admitting much ergonomic activity. She had been 
trained on the 40-hour course two years previously, and now spent 
about 50% of her time on ergonomics. Supervisors, who were offi- 
cially the key first respondents for the ergonomics process, were 
not well informed or particularly receptive. Qpical supervisor com- 
ments were that ergonomics was “good in theory,” “good if used 
legitimately,” and “a tool for getting out of work.” Users perceived 
that there was little response from supervisors beyond immediate 
productivity and safety concerns. Interestingly, all comments and 
examples showed ergonomics as a safety concern, with no men- 
tion made of its positive effects on quality or productivity. 

Overall, the audit showed a continuing need for ergonomics 
(workplace survey), but a culture in which ergonomics was quite 
distorted (interviews). The ergonomics process was seen as safety- 
related, reactive, and resulting in medical accommodations of the 
operator to the job. Indeed, the audit process itself prompted a 
broader definition of ergonomics in the plant and managerial steps 
toward more effective use of ergonomics resources. 

LESSONS FROM AUDITING 
As may be expected from the small aforementioned audit, the 

results of audits can be quite surprising to management. This stems, 
in part, from our using a definition of ergonomics going beyond 
musculoskeletal injury reduction. But even within the well-known 
areas of wrist and back ergonomics, the results can startle as the 
audit goes beyond the counting of currently-reported injury and 
illness to examine the workplaces that are key causal factors in 
wrist and back injuries. Where there is no current ergonomics pro- 
gram, the audit can provide both a baseline for ongoing measure- 
ments and detailed direction to management. Is manual material 
handling really the problem? Can conveyor design be a contribut- 
ing factor? Is the lighting adequate, or do operators have to com- 
promise their posture by bending close to the work point to achieve 
adequate vision? Whether evaluating a facility to determine the 
need for an ergonomics program or measuring the performance of 
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an ongoing program or process, the ergonomics audit is becoming 
a recognized first ergonomic step for plant management. 
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Proposed ergonomic projects are no different than others in 
terms of managerial acceptance. If the projects appear to be eco- 
nomically viable and money is available, then they will likely be 
undertaken. Otherwise not. Perhaps a more distinct statement is: 
“To succeed in introducing a new, ergonomically better, working 
method, that method also must have economic advantages. Those 
advantages can be reductions in cumulative trauma syndrome prob- 
lems, lower turnover of the work force, fewer expected accidents, 
greater production efficiency, and many other features that have 
economic implications” (Rose et al. 1992). This chapter describes 
some features of making that economic analysis based on cost or 
revenue estimates that are found in industry and elsewhere. Awide 
variety of economic situations are shown to demonstrate the 
breadth of the need to perform economic analyses associated with 
ergonomic designs. 

Another statement about the role of economic analysis in ergo- 
nomic design is, “The economics of the problems addressed cannot 
be ignored” (Simpson 1993). For many years ergonomists behaved 
(implicitly if not explicitly) as though their interests in the promo- 
tion of health and safety gave them a “moral right” that took them 
beyond any concern with the economic implications of their work. 
This attitude is totally untenable. The nonsense of such a position 
was encapsulated nicely in a conversation with a manager from the 
manufacturing sector who said: “What is the point in spending vast 
sums of money to create the healthiest, and safest factory in the 
country, if the only people who work in it are liquidators?” 

While this is clearly an overstatement, it indicates that changes, 
however desirable and for even the most laudable of motives, re- 
quire investment. The investment potential of even the most prof- 
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itable organization is finite and therefore needs to be justified. Also 
the investment must generate a return, not just in altruistic terms, 
but in financial terms. 

BENEFITS AND COSTS 
To present a proposal and defend its economic quality, one should 

first identify the benefits and costs and, secondly, assure that the 
benefits exceed the costs. While that is not the end, it is a good 
beginning. As a simple example, suppose that the Ergonomics 
department recommends the installation of an electric screwdriv- 
er to speed up manual assembly operations at a workstation in 
which numerous stud screws are required. The Ergonomics de- 
partment estimates that the addition of this screwdriver will re- 
duce the 20 different assembly times by three minutes and reduce 
operator fatigue. An industrial-grade electric screwdriver costs 
about $150 and is expected to last about two years in the working 
environment. 

Consequently, the benefits derived from this power tool must 
repay the investment and costs of operation with a reasonable re- 
turn on the investment over that two-year time duration. Part of 
those costs are the electrical power usage, generously estimated at 
$0.20 per hour of use, and minor maintenance of $2.00 per week. 
The Ergonomics department could not think of how much would 
be saved with regard to fatigue reduction, so they agreed to ignore 
that feature. With the investigative work completed on identifying 
benefits and costs, the remaining job was to describe this proposal 
in economic terms, clearly understandable to management. 

Most economic information comes tagged with different time or 
unit bases as the foregoing example illustrates. No one can mental- 
ly put such numbers together meaningfully. Therefore, the ergo- 
nomics personnel must do some paperwork to justify this 
information so that it can be digested. One way is to select a useful 
time in the future for presenting all benefits and costs accrued by 
that time. In the example, a two-year time frame is an excellent choice 
because the power screwdriver is expected to last that duration. 

Suppose one starts with the benefits on a per shift basis. Without 
the electric screwdriver, each assembly requires 20 minutes. A shift 
of eight hours consists of 480 minutes, but typically 15% of that time 
is lost to various allowances (personal time, resting from fatigue, 
and delays). That leaves 408 minutes per shift. The number of those 
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special assemblies completed per shift with and without the power 
screwdriver are respectively 

408 minutes 

408 minutes 

1 assembly - 20.4 assemblies per shift without 

1 assembly - 24.0 assemblies per shift with 

- 
shift 20 minutes power screwdriver 

shift 17 minutes power screwdriver 
- 

A power screwdriver allows 3.6 more assemblies per shift. With a 
$10.00 per hour labor rate for this job (including employee benefits 
and other indirect costs), the cost savings per shift is: 

1 hour - - 3.6 assemblies 17 minutes $10.00 x -  shift assembly Hour 60 minutes 

3*6 l7 lo = $10.20 savings per shift 60 

Assuming a single shift operation over seven shifts each week 
and 50 weeks of work per year, the benefits over the two years ac- 
cumulate to: 

$10.20 savings 7 shifts 50 weeks years = $7,140.00 
X- shift week year 

This calculation of benefits is conservative because it ignores 
any interest earned over the two years as the benefits stream in. 
But it is assumed here that the persons performing the assembly 
operations have ample work so that these savings continue over 
the full two years. 

Now turning to costs, one should first look at the investment 
and an ample return on that investment. If 10% per year is consid- 
ered an adequate return on the investment, then the accumulated 
costs over the two years are: 

$150.00 (1 + 0.1)2 = $181.50 

This calculation is exactly as a banker would view a loan to the 
Ergonomics department for two years, where the loan repayment 
is $181.50 at the end of the two years. Another cost is power, which 
is calculated as: 

$0.20 8 hours 7 shifts 50 weeks years = $1,120.00 
hour shift week year X- 
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The final cost component is maintenance, which accumulates 
over two years: 

$2*oo x 50 weeks x 2 years = $200.00 week year 

The costs total to: 

$181.50 + $1,120.00 + $200.00 = $1,501.50 

The net benefits over costs are estimated at: 

$7,140.00 - $1,501.50 = $5,638.50 

saved over the two years or $2,819.25 per year. Any manager would 
consider this project a very lucrative economic opportunity, espe- 
cially since the interest earned on savings in addition to the fa- 
tigue reduction would increase the benefits even more. 

This economic illustration describes an elementary future worth 
development. That is, all benefits and costs are brought forward to 
the end of the life of an asset and combined. While some niceties 
were ignored in the aforementioned calculations, that was the gen- 
eral intent. The principal reason to bring all costs to a specific point 
in time is because money has time value. Accordingly, dollars at 
one point in time have a different value at another point. Adding 
dollar values at different points in time is meaningless. The fol- 
lowing interest calculations and discounted cash flow discussion 
show how to convert dollars at one point in time to those at anoth- 
er, based on an interest rate that is considered a minimum attrac- 
tive rate of return (MARR). 
INTEREST CALCULATIONS AND DISCOUNTED CASH FLOWS 

The material that follows is based on concepts and calculations 
shown in typical engineering economics textbooks (DeGarmo et 
al. 1984; Fleischer 1994; Newnan 1991; Theusen and Fabrycky 1989; 
White et al. 1989; Bussey 1978; Park and Sharpe-Bete 1990). 

When capital is invested and left for a specified period of time, 
say one year, then interest is normally earned on that investment. 
Traditionally, upper management specifies that interest rate to re- 
flect the MARR. An investment principle of P dollars at the start of 
the investment earns interest i at the end of the year and so the 
value of the account one year hence is F,  > P. The relationship 
between P and F ,  in this case is: 

(1) F ,  = P (1 + i) 
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When interest is compounded over k time periods, then the rela- 

(2) 

tionship between Fk and P is: 

P (1 + i)k = Fk 

P = Fk [l + i ] - k  

It follows directly that: 

(3) 

If P in the preceding equation is the investment, i is the minimum 
attractive rate of interest, and Fk is a cost savings k time periods in 
the future, then P is the largest investment that cost savings can 
economically justify. P is also called the present worth value of the 
cost saving F,. It also follows that F ,  is the future worth of the 
investment P. 

Present Worth Analysis 
The present worth of a project is a monetary value that occurs at 

the beginning of a project and is economically equivalent to the 
algebraic sum of all expenditures (negative values) and income 
(positive values) from the project. Equation 3 describes the single 
expenditure case. If there was only a single cost saving at one par- 
ticular future time, then the total present worth equals P less the 
actual investment needed to launch the project. When that differ- 
ence is negative, the project costs more than the savings it gener- 
ates. When the difference is positive, the positive amount is the 
surplus amount over the minimally required amount. More sur- 
plus is better. 

In most cases, there are cost savings over a number of different 
years. If equation 3 is applied to each different cost (signed nega- 
tively to represent a cash outflow) and also to each different cost 
savings (signed positive to represent a cash inflow) at various fu- 
ture years (for example, n, n’, n”, etc.), then an equivalent P for 
each cash flow is found and the algebraic sum of each resulting P 
is the present worth less the investment needed to launch the 
project. That sum of the Ps less the investment is the net present 
worth. It follows that each future cost or cost saving is brought 
back to the present by the operator (1 + i>-” to reflect the time value 
of money, and the present time equivalents are summed algebra- 
ically. Since the investment is also a cash outflow at the present, it 
too has a negative present worth. The algebraic sum of all positive 
and negative present worth denotes the project’s present worth. 
When the project’s present worth is positive, then a project is eco- 
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nomically viable and those with more present worth are more via- 
ble. Being economically viable does not mean it will be selected by 
rational people because other potential projects may be better. But 
a negative total present worth means that the project is not eco- 
nomically viable and should not be selected.* 

Uniform Cash Flows Over  Time and Annual Worths 
While it is possible to compute present worths in the manner 

previously indicated, it is computationally much easier to recog- 
nize that cost savings and costs usually come in some functional 
pattern over the future. A common concept is to consider saving a 
uniform series of $A each year over the next k years. The present 
worth equivalent of that entire pattern of cost savings is: 

[ 1 - (li+ O.l)-k 1 P (i) = A (4) 

Now, instead of making k separate calculations, one can make a 
single calculation with the same result. For example, suppose that 
the minimum attractive rate of return is 10% and the estimated 
cost savings were $100 each year for three years. Then, the equiva- 
lent present worth of these three future cost savings is: 

Computing these three present worths individually, one obtains: 

P = 100 (i.i)-i + 100 (i.i)-2 + 100 (1.1)-3 = 

90.91 + 82.64 + 75.13 = $248.68 

With a larger number of future time periods, this computational 
savings is substantial. 

A third basis for examining alternative prospects over time is to 
convert all cash flows into equivalent annual worths. An illustration 
is when there is an initial investment P and after k years there is a 
substantial future cost savings Fk. The investment P has an equiva- 
lent annual worth described by a minor variation of equation 4: 

*This statement i s  not without exception if it i s  related to other projects. It 
is  correct when all projects are independent of each other. A project with 
negative present worth can have such strategic values that when it i s  cou- 
pled with other projects, it i s  economically superior. 

418 



Economic Evaluations of Ergonomic Interventions 

A ( i ) = [  i ] P  
1 - (1 + i ) - k  

(5) 

In this case P and A are negative to reflect an outflow of cash. 
The other component of annual worth is the cost savings at the 
end of the asset life of k years. That cost savings has an equivalent 
P based on equations 3 and 5 and shows that there is an equivalent 
A. Putting those two equations together we have 

The annual worth for this example would be the -A resulting 
from the initial investment as shown by equation 5, plus the A' 
value of equation 6. Naturally, a negative result would show that 
the costs exceeded the benefits and the project should not be un- 
dertaken. A positive result denotes that the return recovers the 
investment P and provides a reasonable return on that investment 
in the form of a minimum attractive return on it. A more typical 
case of annual worth consists of two or more potential projects where 
the expected lives of the projects under consideration are different. 
One cannot compare potential projects with different lives using 
present or future worth because longer lives increase the present or 
future worth. However, annual worth is the same period of cash flow 
for each project-one year. For example, suppose that a $1,000.00 
investment was made and cost savings (C) were expected at the end 
of a five-year time period. It follows that a 10% return on that invest- 
ment over five years has an equivalent annual worth of 

-$1,000.00 (0.2638) = -$263.80 

and a future cost savings that generates a positive annual worth of 
$263.80 is 

O'' (1*1)-5 = F, (0.1638) 
5 1 - (1.1)-5 C' = +$263.80 = F 

and F5 = +$1,610.51. 

In most textbooks on the subject of engineering economics, the 
symbols P, F ,  and A mean present, future, and annual value, re- 
spectively. However, those books typically use the symbol n to spec- 
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ify the duration of the project (rather than k). Many books also 
give conversion factors in tables with factor symbols (PIF, i, n) to 
mean find P ,  given F ,  with an interest rate, and a project duration n. 
Usually, a separate page of tables is given for each different inter- 
est rate and rows in those tables correspond to different n values. 
Each column is a different factor: (PIF, i, n), (FIP, i, n), (AIF, i, n), (A/ 
P ,  i, n), (PIA,  i, n), and (FIA, i, n). For example, part of a table may 
look similar to 

i = 10% 
N V I P ,  i,n> (PIF, i, n) (FIA, i, n) (PIA,  i, n) (AIF, i,n) (AP, i,n) 
4 1.4641 0.6830 4.6410 3.1699 0.2155 0.3155 
5 1.6105 0.6209 6.1051 3.7908 0.1638 0.2638 
6 1.7716 0.5645 7.7156 4.3553 0.1297 0.2296 

Discrete Compounding Table 

Note that the last two columns of the row for five periods are the 
two factors used in the preceding calculations. Such tables are con- 
venient for performing economic calculations. Formulae corre- 
sponding to these factors are: 

1 - (1 + i ) - k  

i (1 + i ) - k  
(1 + i ) - k  (1 + i ) - k  

(1 + i ) k  - 1 
i (1 + i ) k  

i (1 + i ) k  

i (1 + i ) k  (1 + i ) k  - 1 

The upper row in each set of formulae shows these factors with 
positive exponents and the lower row shows equivalent factors with 
negative exponents. These six formulae are strictly for relating sin- 
gle cash flows at time 0 (corresponding to P )  and at time k (corre- 
sponding to F) ,  and the uniform series of $A per period over the k 
(or n) time periods. 
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Using Functional Series for Estimating and Analyzing 
Up to this point, the only functional series discussed was the 

uniform or step series. A step series is, just as the step notion sug- 
gests, a constant quantity of $A cash flow occurring at the end of 
each time period and flowing fork time periods. It is clear that the 
step series can greatly simplify computations in the analysis. Since 
there is $A occurring each time period, the total cash flow over k 
years is simply Ak, which is purely the sum of the cash flow with- 
out discounting for time. It is, therefore, easy to estimate the mag- 
nitude of A from available records of similar costs. Simply find the 
total expenditure and divide by the duration of time the expendi- 
ture occurs. 

?tyo additional functional forms useful in economic analysis are 
the ramp functions. As the name implies, these cash flows increase 
or decrease in a uniform manner over time. A case in point is the 
maintenance required of hand tools or machines acquired for pro- 
duction operations. Tools and other machines need maintenance 
and with increasing age, they need more maintenance. According- 
ly, costs increase over time and the up ramp can be used to approx- 
imate those cost increases. The up-ramp cash flow formula for 
computing present worth is: 

(7) 

A traditionally recognized functional series, known as a gradi- 
ent, is similar except the first cash flow of a gradient occurs at time 
2 rather than time period 1. Most records of a company showing 
expenditures describe those expenditures without discounting. 
Those records should describe up-ramp expenditures individually 
as Ck after k time periods and they should accumulate over k peri- 
ods to Ck ( k  + 1)/2. Accordingly, a simple but effective way to esti- 
mate the cash flow increase $C is to find the accumulations over 
several time periods and divide through each by k (k  + 1)/2. An 
average resulting C will occur and can be used in equation 7. Con- 
sider the following cash flow series, where the average increase in 
costs is about $50 each year, but not exactly. Also shown is the 
present worth of each individual cash flow based on MARR equal 
to 12%, along with the cumulative present worth. Over the five 
years, the present worth accumulates to slightly over $500 (Table 

C C 
a2 a P (i) = 7 [l - (1 + i)-k] + T [l - (k  + 1) (1 + i)-k] 
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24-1). Equation 7 is shown with the average increase of $50 more 
each year and i = 12%. While the computation of the equation is 
considerably less, the present worth turns out to be about $500. 

50 [I - (1.12)-51+ - 50 [I - (5 + 1) (1.12)-51= 0.12 P (.12) = - 0.122 
1,501.99 - 1,001.90 = 500.09 

Table 24-1. Cash flow series 

k= 1 

Cumulative Cash flow 47 

F,(1.12)-k 41.96 
PW cum u I ative 41.96 

Cash flow (F,) 47 

x 2/k (k+ l )= 47 

Time Period (years) 
5 

248 
750 
50.00 

140.72 
500.39 

Average 

49.55 

A highly-related form is the linearly decreasing cost savings over 
time or the down-rump series. This case frequently occurs when a 
large cost savings starts out, but erodes over time. Decreases could 
be caused by reduced public demand for a product during certain 
times of year* or added maintenance or deterioration. Suppose that 
the cost savings started out at $R per time period and then de- 
creased each time period by $C. So long as c k  < R, then the present 
worth is: 

R 
z i P (i) = T [ l  - (1 + i)-kl - ' [ l  - (k  + 1) (1 + i)kl - $ [ l  - (1 + i)-kl 

1 P (i) = T { R  [ l  - (1 + i)-k] - C [ l  - (k  + 1) (1 + i)-k] - [ l  - (1 + Qk]} z 

Equation 8 is merely the step series present worth less the up- 
ramp present worth. For example, consider a step series of $5,000.00 
per year, which is decreased by $100.00 each year. Accounting 
records can be checked over the years to test if the estimated $100.00 

"Lawn mowers in the winter or snow shovels in the summer for those lo- 
cales where these products are off-season. 

422 



Economic Evaluations of Ergonomic Interventions 

decrease per year is correct. The cumulative values in Table 24-1 
aid in this purpose. If the minimum attractive rate of return is lo%, 
then the present worth over a five year time period is: 

loo [I - (1.1)-511 P (i) =,,{5,ooo [I - (1.1)-51- 100 [ i  - (5 + 1) (1.11-51 - - 1 

P (i) = (18,953.93 - 2,725.53 - 3,790.79) = $12,437.61 
0.1 

Accordingly, the downward ramp is easy to compute as well, ver- 
ifying the same result except for a little round-off difference. It 
also should be pointed out that an equivalent annual worth can be 
found by multiplying the present worth by (AP, lo%, 5) or 0.26380 
and the result is $3,281.01. In the case of a future worth at the end 
of five years, simply multiply by (1 + 0.10)5 or 1.61051, where the 
result is $20,030.90. Consequently, one can perform either of these 
alternative forms of analysis. 

If a future worth is desired instead, one simply needs to multi- 
ply the present worth by (1 + i)k to find the future worth at the 
future time k periods later. Also, for those wanting to compute the 
equivalent annual worth, the future and present worth can be 
multiplied by the respective factors 

[1 - (1 i + i ) - k ]  Or [(;:i;i)*l] (9) 

to create the uniform C value. In the case of the up-ramp numeri- 
cal example, the equivalent future worth and annual worth is re- 
spectively: 

F (.12) = 500.09 (l.12)5 = 500.09 (1.76234) = $881.33 

A (.12) = 500.09 [ - *12 1.12-5 ] = 500.09 [0.27741] = $138.73 per year 

It similarly follows for the numerical case of the down ramp that 
the future and annual worth are: 

F (.lo) = 12,437.61 (l.10)5 = 12,437.61 (1.61051) = $20,030.90 

A (.lo) = 12,437.61 ~ . ~ ~ ~ ' ~ ) ~  = 12,437.61 (0.26380) = $3,281.01 

per year, verifying the foregoing formulae. 
Net present worth analysis should be made at the minimum at- 

tractive rate of return (MARR) as specified by management to de- 
termine economic viability. Management usually sets MARR at the 
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average cost of borrowed capital plus an allowance for risk in over- 
all estimation. It was also stated earlier that when cash inflows are 
signed positively and outflows negatively, then more net present 
worth is better than less present worth. These same remarks apply 
to future and annual worth. Clearly, a negative net present worth 
is an economically-unacceptable project and one that should not 
be accepted unless there are only worse choices. '&pically, there is 
the choice of doing nothing different at zero cost or gain. So it would 
seem that when facing two or more exclusive alternative projects, 
one should select the project with the greatest net present worth. 
If the alternatives have equal lives, then the project with the great- 
er net present worth is the correct choice. However, with different 
lives, it is economically inappropriate to select the project with the 
greatest net present worth. The reason is that more present worth 
occurs with longer lives. Accordingly, the way to make compari- 
sons between alternative projects with different lives is to assume 
a time frame equal to the least common multiple (LCM) of the con- 
tending projects and each project is to be repeated within the LCM 
years. For example, project A may be repeated twice and project B 
may be repeated three times and the total net present worth of 
each case can be compared because the total time period is the 
same. 

Consider one option where the project is expected to require a 
$1,000.00 investment, yield $600.00 a year for a life of five years, 
and where a $300.00 salvage value is anticipated. An alternative 
requires a $1,100.00 investment, but it has a ten-year life where it 
is expected to return $500 each year in cost savings and, at the end 
of its life, yield a salvage value of $400. The LCM of these two alter- 
native projects is 10 years. The first alternative with a repetition 
after five years has a present worth of 

-1,000 [I + 1.1-51 + 600 [' -olf-l~ + 300 (1.1-5) [i + 1.1-51 = 

-1,620.92 + 3,683.74 + 307.94 = $2,368.00 

The alternative project over ten years has a net present worth of 

1 - (1.1)-10 (-1,100 + 500 [ o.l ] + 300 (l.l>-lo> = $2,088.00 

It follows that the shorter project is more economical and should 
be selected over the project with the longer life. An alternative 
method of calculation that saves the use of the least common mul- 
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tiple is to use the annual worth and compare the annual worths 
directly as: 

{-i,ooo + 300 (1.1)-5> [ - O'' (1.1)-5 ] + 600 = $385.34/year 

(-1,100 + 300 (l.l)-lol [ - (l.l)-lo ] + 500 = $339.80/year 

These two annual worths can be converted back to a present 
worth over ten years by using the reciprocal of equation 9 for an- 
nual worth or 6.14457 and the two results are respectively 385.34 x 
6.1446 = $2,368.00 and 339.80 x 6.1446 = $2,088.00, which is exactly 
the earlier result, except for a little round-off difference. This nu- 
merical illustration shows that when the lives of alternative projects 
are different, it is easier to compare them using annual worth anal- 
ysis, and that both annual worth and present worth provide the 
same answers each time. 

INSPECTION ECONOMICS 
Since inspection is principally an information-gathering process, 

the primary concern of design for inspection is the elimination of 
production errors. To do this well, one needs to reduce errors in 
inspection, as they mislead quality management. A second, but 
important, consideration is to minimize the cost aspects due to in- 
spection. Economic considerations, particularly, need to be con- 
sidered when there is a chance of product liability problems. 

A simple cost model of inspection may be constructed using the 
cost of the inspection station per unit of time, costs of the two types 
of errors, and the cost associated with downsteam production slow- 
downs due to an insufficient number of items passing the inspec- 
tion station per unit of time. Figure 24-1 shows a decision tree of 
the expected number of items per unit of time. In this figure, g is 
the fraction of defectives or fraction-lot defectives, as the term is 
typically applied. The reader will likely recall that type-1 inspec- 
tion errors occur when the inspector rejects items that meet spec- 
ification and type-2 errors occur when the inspector accepts 
defective items. Accordingly, a type-1 error only occurs when the 
item is good, so the probability of a type-1 error or P, is a condition- 
al probability given that the item being inspected is good. Thus, the 
joint probability that a good item is presently being inspected and 
that a mistake is made is (1 - g )  PI. It similarly follows that P, is the 
conditional probability of a type-2 error and the joint probability 
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Inspection costs = (1 - q)Pl Cl + qP, C2 + inspection loss in production 

Figure 24- 7 Inspector decisions, inspection errors, and associated costs. 
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that a type-2 error will be made is qP,. The N units to be inspected 
come to the inspector, who either accepts or rejects each item, and 
those N items fall into four piles: N, rejected good items (type-1 
errors), N, accepted bad items (type-2 errors), N3 accepted good 
items, and N4 rejected bad items. That is, 

N = N , + N , + N 3 + N 4 =  
N = N (1 - 4) P, + N (1 - q)  P, + Nq (1 - P I )  + Nq (1 - P,) 

It follows that N, and N, are the expected number of errors of types 
1 and 2 respectively. 

INSPECTION COSTS 
Figure 24-1 also shows some of the features of inspection error 

costs. In the case of type-1 errors, there is a cost of finding out an 
inspected item is good and bringing it back into production or in- 
ventory. There is also the cost of not finding good items, which is 
the cost of materials and all work that went into the item before 
that inspection, less any scrap values realized. Even if those two 
separate costs can be separately estimated, there is also the need 
to estimate the fractionf, of good items found in the rejects. Ac- 
cordingly, the average cost of a type-1 error is: 

C, = f ,  (cost of finding and returning) + 
(1 - f , )  (materials + labor costs - salvage) 

There are two elements to the cost of a type-2 error as shown in 
Figure 24-1. One of those components is the cost of finding a bad 
item in the accepted group and either correcting or scrapping it. 
The other component is the defective item that goes out to the 
public. Clearly, some items that get into the hands of the public are 
simply returned to dealers who replace the items and return them 
to the company. Other defective products may get out and hurt 
someone and a fraction of these can wind up as product liability 
cases. While those products that cause product liability cases be- 
come extremely costly, the fraction that get this far is excessively 
low. Assuming that f ,  is the fraction of type-2 errors that are dis- 
covered prior to leaving the factory and that a single expected cost 
can be estimated for all product units leaving the factory, then the 
cost of a typical type-2 error can be found: 

C, = f ,  (cost finding and repair/scrap) + 
(1 - f , )  (average product liability item) 

It follows that: 
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Inspection error costs = N { (1 - q)  P, C, + qP, C, } (10) 

which does not cover the cost of the inspector, any effects of slow 
inspection on reducing production rates, and inspection station 
costs, which are additional. It is obvious from equation 10 that re- 
ductions in P, and P, will reduce these inspection error costs. It is 
known from the literature (Smith and Barany 1971) that PI and P, 
change with q.  However, neither PI nor P, are known to change 
with the variable N ,  which is the number of items inspected as 
long as time is not an associated factor. 

RATE CONSIDERATIONS IN INSPECTION 
When delivery to the inspector is by belt, V is the velocity in 

distance units per unit of time and S is the average interspacing 
between successive items for inspection. Both the velocity and dis- 
tance units should be the same. In the case of dynamic visual in- 
spection, where items are to be inspected as they are delivered by 
a moving belt, both P, and P,increase with greater belt velocities V 
and/or shorter distances S between successive items. A number of 
studies verify that type-1 and type-2 error probabilities change with 
the amount of time spent per item, regardless of dynamic or static 
visual inspection. 

The number of accepted good (nondefective) items in this stream 
of product or component items is N3 per unit of time. If those items 
go immediately back into production operations, then production 
can move along provided that N3 is sufficiently large. Otherwise, 
costs will increase with the shortfall of production items. If type-1 
errors are all correctly acted upon during a second inspection, then 
an expected N ,  more items will resume production, but after a de- 
lay for re-inspection and repair. In any case, it would be interesting 
to embed into a computer simulation, estimates* of the effects of 
the belt velocity V and item interspacing distance S on type-1 and 
type-2 inspection errors, along with any effects of these variables 
on the time allowed per item and any added effect of that time 
variable on inspection-type errors. Once estimates of these costs 
are further added, then the resulting simulation would provide a 
vehicle to determine how to operate the inspection system. 

*If there are rework activities in parallel with the inspection station, then 
that rework and repair station will get the rejects f r o m  the inspection 
station and repaired i tems could be reinserted into the production stream 
in parallel with the inspection station, Since rework and  repair is  ex- 
pected to  be highly varied with regard to time, the added reflow could be 
quite varied, but dependent u p o n  the rate of inspection. 

428 



Economic Evaluations of Ergonomic Interventions 

LOCATION OF THE INSPECTION STATION 
Another question in inspection operations is where to locate in- 

spection stations if those stations are different from ordinary pro- 
duction operations. One clear approach to this analysis is to use 
digital computer simulation. Five different production operations 
are indicated in Figure 24-2 by squares numbered 1 through 6. Op- 
eration 5, denoted by a diamond shape, is an operation where com- 
ponents are joined in assembly. The two different inspection 
operations are shown by circles. Four different schemes are pre- 

Figure 24-2 Alternative locations in a production layout for placement of an 
intermediate inspection station. 

429 



Ergonomics in Manufacturing 

sented with different locations of inspection station A, and all other 
operations are the same. Numerous simulations of these four 
schemes were made using different probabilities of type-1 errors 
and associated type-2 errors based on the results of several studies. 

Figure 24-3 presents the economic results of these simulations 
in terms of an equivalent annual cost.+ Since type-1 inspection er- 
rors reject good items, many such errors will starve downsteam op- 
erations and create added costs. Note that in the cases shown here, 
no matter what the probability of type-1 errors is, scheme 3 has a 
lower cost than any other scheme. Also, scheme 4 is similar to scheme 
3 but quite different from schemes 1 and 2 where inspection station 
A is directly in front of the assembly operation (no. 5). This result 
suggests that starving the assembly operation is more costly. This 
problem is only intended to show how simulation can be used to 
evaluate the economics of ergonomics problems. 

ECONOMICS OF LEARNING 
One learning curve model++, proposed earlier, was the exponen- 

tial model. In this model, the time required on the nth trial (t,) is 
related to the time on the nth + 1 trial (t, + 1) as: 

t, + = at, = p 
where a and p are constant parameters of this model. Notice that 
the time values form a series where the current values are multi- 
plied by the constant a (0 < a < 1) and then the constant p is added. 
Accordingly, the series is sometimes known as the a/p  series. The 
first forward difference is: 

At, = t ,  + 

- tn = [a - 11 t, + p 
An alternative expression to equation 11 is: 

tIf the present worth of equation 4 is equated to the actual present worth 
and over the actual duration, then the A parameter value of the uniform 
series gives the annual cost. Alternatively, substitute the present worth 
in equation 5 for the P parameter and compute A. 

"This learning curve model is known as a discrete exponential model. The 
more popular powerform model is  t, = t, n-s, where s is the constant learn- 
i n g  rate constant, t, is  the t ime on the first trial, and n is  the number of 
trials u p  to this point. 
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Scheme 4 

Scheme Scheme 3 

Scheme 2 

Figure 24-3 Annual costs of inspection operations using the four alternative locations 
of the inspection station as a function of the probability of type- 7 inspection errors. 
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where t* is the asymptote of performance times with this exponen- 
tial model. As a is a fraction (0 < a < l), a larger number of trials n 
makes the first term smaller and smaller so that only the t* value 
remains. This a/p  series model* has a sum from the first through 
the kth element, which is: 

k 

[ti - t”] + kt” k a - 1  Z t ,  = - a - 1  
(14) 

n = l  

It follows that the cumulative average over k elements of the 
series is equation 14 divided by k .  Note that there are two terms on 
the right-hand side of equation 14. The first term describes the 
extra time required by the learning process (sometimes called “tran- 
sitory” time) and the second term describes the time required af- 
ter all learning effects are removed (called “steady state” time). 
Consider the example where normal time measurements were made 
on a human operator and converted by speed rating to a standard 
operator making successive product units. Those time values were: 

n =  1 2 3 4 5 
tn = 4.000 3.960 3.921 3.882 3.845 
n =  6 7 8 9 10 
tn = 3.808 3.772 3.736 3.702 3.668 

where the time units of tn are hours. Fitting the exponential learn- 
ing curve to these data can be done by first computing Atn based on 
equation 12: 

n =  1 2 3 4 5 

n =  6 7 8 9 10 
Atn = -0.036 -0.036 -0.034 -0.034 - 

Atn = -0.040 -0.039 -0.039 -0.037 -0.037 

When Atn is made a straight-line function of tn, then the result- 
ing linear equation” is: 

$The reader m a y  also recognize this model as a first-order, forward-differ- 
ence with constant coefficients. 

#A good w a y  to pe$orm the line fitting is  by using linear regression anal- 
ysis. Many statistical computer packages f ind linear regression equations. 
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Atn = 0.0423 - 0.0206tn 

As equation 12 shows, the vertical intercept of this equation is 
equal to the parameter p, which is 0.0423, and the slope of this 
equation equals a - 1. Therefore', a is 0.9794. In this fitted model, 
the asymptote t* is p divided by 1 - a or 2.0534. Since t* is also the 
horizontal intercept, that value can be computed as: 

0.0423 - 0.0206 t* = 0 

and the result is the same. Parameter p may be simply computed 
as (1 - a) times t*, or the product 0.206 (2.053), which is 0.0423. 
Normal practice in the production of this product is to have two 
operators work on it directly until the order size has been complet- 
ed and then the whole order is shipped. With 50 product units pro- 
duced by each operator, each individual standard operator would 
need to spend: 

*979450- 
.9794 - 1 [4.0 - 2.0531 + 50 (2.053) = 163.7 hours 

Since these time units are in actual working hours, distinct from 
standard hours, and there are 6.8 actual hours in a shift, the time 
required per operator is 24.07 shifts of 8 standard hours each, or a 
total of 192.56 standard hours. Based on a five day work week and 
a single eight standard-hour shift each day, it will take four weeks, 
four days, and about 0.6 hours to complete the production run of 
50 units. Note that at full production, there are 52 weeks per year 
and 40 standard hours per week, for a total of about 2,080 standard 
hours per year. If each operator earns $20.00 per hour, including 
fringe benefits, then the two assigned operators are costing the 
company: 

2 operators X $20/operator/hr X 40 hrs/wk = $1,600.00 per wk 
$1,600.00/wk X 52 wk/yr = $83,200.00/yrtt 

'Note: this annual amount is the cost for two operators over the entire year 
neglecting vacations, t ime off, etc. From the company's viewpoint, the 
$83,200.00 is  the annual cost of manual labor for this job. 

ttAs Buck and Cheng (1  993) show (see Bibliography), sometimes there is  
enough noise in the learning data that it does not turn out to be a frac- 
tion. Other learning curve models can be used in that case or the pe$or- 
mance t ime data can be converted to cumulative average times by adding 
u p  tn values and dividing by n. 
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If the minimum attractive rate of return is stated to be 15% be- 
fore taxes, then the present worth of this operation is: 

This formulation of the present worth is based on the 192.56 stan- 
dard hours as being 0.09259 years (using 2,080 standard hours per 
year). It is assumed in this formulation that the two operators are 
new employees who start producing the items in question and then 
ship them as soon as completed. 

An alternative approach would be to use one operator and just de- 
liver the production later. In that case, the required number of hours 
under this learning curve can be determined using equation 14: 

*9794100- [1.947] + 100 (2.053) = 288.02 working hours .9794 - 1 

and those hours require slightly over 42 shifts or 0.16292 standard 
years at the same rate per operator as above or $41,600. The equiv- 
alent present worth is: 

$417600 [l - (1.15)-.13849] = $6,243.00 
0.15 

Use of a single operator saves about $888.00 (that is, $7,131.00 
less $6,243.00) in present worth. If the single operator could start 
production early enough so that there is no late delivery costs, it is 
economically better to use a single operator because of the contin- 
ued learning advantage. However, if production cannot begin ear- 
lier and there is a cost of late delivery because of other production 
requirements, then there is a trade-off between continued learn- 
ing and the delayed production costs. 

TRAINING AND TRANSFER 
Suppose that an on-the-job training program was being consid- 

ered for the job noted previously. The learning curve for the stan- 
dard operator is an exponential learning curve where OL = 0.9794, t* 
= 2.053, p = 0.0423, and t ,  = 4.000 hours. This planned training 
program was empirically tested on a couple of people who were 
initially rated to reflect the standard human operator. It was esti- 
mated that the training program lowered several parameters of this 
learning curve. One of those parameters was the learning rate, re- 
ducing OL in the learning curve from 0.9794 to 0.95 because individ- 
uals knew what to look for and what to do to improve their own 
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performance. This training program also provided information 
about the job so that individuals could start the on-the-job training 
phase with lower initial cycle times of 3.5 hours. In addition, the 
training program illustrated a newly proposed method for perform- 
ing the task, which was expected to improve ultimate performance 
times to 2.0 hours per unit. Thus, the new learning curve following 
the training program was estimated for 100 cycles to take 

[3.5 - 2.01 + 100 (2.0) = 229.82 working hours .95100- 1 
.95 - 1 

In terms of standard time after the training program, these work- 
ing hours require 229.82/0.85 or 270.40 standard hours in 33.80 stan- 
dard shifts over 0.1296 years. The present worth of the on-the-job 
learning based on 2,086 hourdyear and $20.00/hour is: 

$417600 [l - (1.15)-.13] = $4,993.38 .15 
Time requirements without the training program are shown to 

be 288.05 hours compared with 229.82 working hours. This train- 
ing program saves $6,243.53 minus $4,993.38 or $1,250.15 less the 
cost of the training and salary during the training. The training 
program required four standard hours and $100 to run it. Also, there 
is a cost of the trainees at 

4 hours x $20/hour + $100 = $180.00 

giving a total present worth of $5,173.38 compared to the $6,243.53 
without the training program. Thus, the expected present worth 
savings are $1,250.15 less $180.00, or $1,070.15. While the transfer 
effectiveness ratio (TER)" of this training program is: 

TER = [338.88 - 274.401/4 standard hours training = 16.12 

which states that the training was over 16 times as effective as on- 
the-job experience. Unfortunately, the TER measurement is not as 
meaningful to managers as cost savings. 

Frequently, an operator performs an assembly operation until 
the quantity of the production run is completed. That operator 
works on other jobs until a new production run is started. During 
the time between sequential runs, there is an erosion of operator 

"See Wickens (1992) p .  239 for TER calculations, which are hours saved 
divided by training hours. Since training was  in standard hours, so were 
the hours saved. 
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skills specific to the particular product. Forgetting curves are esti- 
mates of that skill erosion for various durations between runs. Some 
recent studies show that operators who have acquired the skills 
with a sufficient amount of production will follow the forgetting 
curve, but once back on the same task, their learning rate on the 
second production run is much greater and the second learning 
curve tends to return to the original learning curve where perfor- 
mance time per piece ended on the first production run. While more 
research is needed to establish the relationships between repeated 
learning curves, the economic implications are very interesting. 

LIFTING BELTS AND ECONOMICS 
Should management require all persons who lift things to wear 

lifting belts when it is still unclear how much good these belts do? 
At the writing of this chapter, there was about as much positive 
evidence for these belts in the literature as negative evidence. Many 
companies were equally unclear about the efficacy of belts. How- 
ever, the cost of a belt is about $20 to $40. 

What should the ergonomist recommend? From an economics 
viewpoint, this may be a tough call because it is outside of typical 
engineering economics analysis. Cost magnitudes are very complex 
and there is risk. In the case of low-back pain due to lifting, a few 
chronic cases constitute about 90% of most industrial medical dis- 
abilities, and that makes a case of low-back pain potentially a very 
expensive legal situation. If one of those people sues, the costs may 
seem prohibitive. Accordingly, belts appear to many companies to 
be inexpensive insurance against an attorney who says that the com- 
pany was insensitive to the industrial health of the workers. Most 
companies recognize that it will be several years before the efficacy 
of lifting belts will really be known. Consequently, it is better to make 
the small $20 to $40 investment now, than to have a potentially diffi- 
cult lawsuit erode many thousands of dollars because the company 
appeared irresponsible by not insisting that employees wear lifting 
belts. While some people might call this “legal blackmail,” it is quite 
true that past histories have shown the costs of low-back pains to be 
extreme. The point is that situations with small costs at the front 
end and huge possible costs at the rear, tend to slip by economics 
analysis. On-the-other-hand, if future research proves lifting belts 
to be effective in reducing the incidence or severity of low-back pain, 
then these executives will act as if they knew it all the time. Other- 
wise, they will say they insured to protect the company. 
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FINAL REMARKS 
As professionals in industry, ergonomists propose projects that 

require investments. If those investments earn or save enough 
money over the project life and the money is available, those 
projects will be undertaken by management. Exceptions to this 
rule occur when the companies are required by law to do some- 
thing or there is a large legal or financial risk associated with a 
relatively small investment. Some of these legal problems occur 
with Occupational Safety and Health Administration (OSHA) reg- 
ulations or the new Americans with Disabilities Act (ADA), which 
states that industry shall make industrial jobs accessible by hand- 
icapped persons unless it is uneconomical to do so. There again, 
the burden of economic proof is on the company. 
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CHAPTER 25 

WORLDWIDE CORPORATE 
E RGON OM1 CS E FFORTS-USA 

Brian Peacock 
Manager, Manufacturing Ergonomics Laboratory 
General Motors Corporation 
Warren, MI 

THE GROWTH OF ERGONOMICS 
The first half of this century saw a demand for human science 

for the purpose of productivity. Scientific management focused on 
manual skills, as the pursuit of efficiency saw the change from 
craft-based industry to the production line. The medical profes- 
sion and physiologists became concerned with human physical 
capabilities and limitations with particular attention to manual 
work and fatigue. Industrial psychologists addressed the effects of 
organizational, social, and environmental factors on employee well- 
being and motivation. The second world war drew particular at- 
tention to anthropometry and cognitive performance, with a focus 
on display and control design. The engineers and psychologists 
joined forces to study control and communication theory under 
the collective name of cybernetics. 

The evolution of ergonomics over the second half of this centu- 
ry has been influenced by a series of significant events that have 
changed its academic basis, professional practice, and public im- 
age. The consumer movement first precipitated a rise in interest 
in product safety and later in opportunities for marketing prod- 
ucts that have “ergonomic” characteristics. The power generation 
and transportation industries became interested in the factors that 
cause human error. One major stimulus for this activity was the 
Three Mile Island nuclear plant incident, which drew attention to 
human fallibility when faced with complex information handling 
under stressful conditions. The development of mental work load 
measurement resulted from increased complexity in such areas as 
military systems and air traffic control. The quality movement ad- 
dressed problems of inspection and equipment maintenance 
through application of vigilance and attention research. Through- 
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out this period, the ubiquitous issues of anthropometry became 
the most tangible indication of human variability and the need for 
the application of probability and statistics to most ergonomics 
problems. The 70s and 80s saw a surge in interest in social factors 
as they affected individual and group productivity. 

’ h o  major factors stimulated the growth and division of ergo- 
nomics during the 80s and 90s. The personal computer and mod- 
ern telecommunications-the information highway-created an 
unprecedented ability to collect, analyze, and transfer information. 
This stimulated a massive surge in interest in interfaces between 
the user and the plethora of electronic devices. “Usability analy- 
sis” became a cornerstone of human factors practice. 

The second factor-the “epidemic” of cumulative trauma disor- 
ders-arose from two sources. Demands for product quality and 
productivity saw a resurgence in the scientific management ap- 
proach to machine-paced, short-cycle, standardized work in both 
factory and office. Simultaneously, the information revolution gave 
rise to a phenomenal increase in the number of people tied to com- 
puter and telecommunications terminals-examples being the data 
processing and telemarketing industries. These two issues-infor- 
mational technology and repetitive work-created polarization in 
the profession. The psychologists saw their crock of gold in com- 
puter icons and the health scientists in lower back and the carpal 
tunnel. The industrial engineers attempted to bridge the gap. Mean- 
while, anthropometry and chair design continued to be the com- 
mon ground for all concerned as it attempted to deal with the 
continuum from comfort to postural health. 
THE PROFESSION 

Technical developments were paralleled by growth in the asso- 
ciated professions. Academic interest continued with the parallel 
activities of psychologists, health scientists, and industrial engi- 
neers. The legal profession found its niche, not so much in the 
physical aspects of products, but rather in the absence or inade- 
quate design of warnings. The legal profession also joined the de- 
bate surrounding (ill) health effects of work, attempting to 
categorize the multidimensional problem of the dose response re- 
lationship for the purpose of assigning blame. They clearly identi- 
fied the irony that the principal focus of the profession-human 
variability-is also its Achilles heel. The military and space indus- 
tries spanned the physical and cognitive domains with interests 
ranging from human error in complex vehicle or missile control to 
the physical demands of combat. 
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Organizations 
The principal United States ergonomics organization is the Hu- 

man Factors and Ergonomics Society, which has a membership of 
more than 5,000. The Industrial Ergonomics Technical Group is 
one of the largest subdivisions of this society and consists of pro- 
fessional ergonomists from academia, industry, consulting, and 
government. The Institute of Industrial Engineers, which has a 
membership of over 20,000, also has a strong ergonomics compo- 
nent. Recently, the ergonomics division of that society merged with 
the Work Measurement Division, which underscores the strong 
relationship between these traditional industrial activities. The 
American Industrial Hygiene Association (AIHA) membership also 
has a strong interest in physical ergonomics and has been particu- 
larly active in the standards-setting debate. Most industrialized and 
many developing countries also have ergonomics societies. The 
oldest society is the British Ergonomics Society, formed in the 
1940s. Its developments paralleled those of the US. Human Fac- 
tors and Ergonomics Society with a blend of physical, informational, 
and macro ergonomics interests. Every three years the Interna- 
tional Ergonomics Society holds a conference that serves as a meet- 
ing ground for academics and practitioners throughout the world. 

There have been increasing efforts over recent years to estab- 
lish professional certification for ergonomists. In the United States, 
the Board of Certification of Professional Ergonomists (BCPE) was 
established in the early 1990s. The first wave of membership in- 
volved the submission of credentials, which included a master’s 
degree in ergonomics or a related subject, seven years profession- 
al or academic practice, and evidence of contributions to the anal- 
ysis, test, and design components of ergonomics. Over 500 people 
qualified under this phase. The second phase included the require- 
ment for a master’s degree, five years practice, and an examina- 
tion in the theory and practice of ergonomics. About 40 
professionals per year are certified by these criteria. Professional- 
ly-certified ergonomics practitioners carry the designation CPE 
(Certified Professional Ergonomist) or CHFP (Certified Human 
Factors Professional) after their name. In Europe the Center for 
the Registration of European Ergonomists (CREE) was also formed 
in the early 199Os, with similar purposes and standards to the BCPE. 

There are numerous journals in the field of ergonomics. The 
Human Factors and Ergonomics Society publishes the journals 
Human Factors and Ergonomics in Design as well as a monthly 
newsletter. In Britain, Ergonomics and Applied Ergonomics are the 
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Technical Area 

premier journals. The Journal of H u m a n  Ergology is published in 
Japan. Other journals include The International Journal of Indus- 
trial Ergonomics and H u m a n  Factors in Manufacturing. In addition, 
there are many journals with ergonomics content in the areas of 
biomechanics, psychology, occupational medicine, management, and 
engineering. Recently, a number of practitioner magazines have been 
introduced, including Workplace Ergonomics and CTD News. 

Application Area 

Consumer Products Industry 

POLARIZATION OF PHYSICAL AND COGNITIVE ERGONOMICS 

Physical ergonomics 

Information ergonomics 

Macro ergonomics 

The division of the profession into physical, informational, and 
macro compartments is further complicated by an orthogonal di- 
vision into consumer product and occupational applications (Ta- 
ble 25-1). The consumer should buy a product or service with regard 
to its function, usability, and ergonomic characteristics. Unfortu- 
nately, these characteristics may be differentially weighted and 
frequently overruled by preference or fashion factors. The auto- 
motive design industry continually discusses these function and 
form trade-offs. Most human-made things are ergonomic most of 
the time, but all things are unergonomic under certain conditions. 
Consumers in our competitive society can vote with their check- 
books; in the long run they will become more demanding and in- 
formed with regard to function. 

Comfort, convenience Health, productivity 

Human performance, error Safety, quality 

Marketing, product liability Motivation 

Table 25-1. Categorizations of ergonomics 

The objects of occupational ergonomics are usually employees 
who have less control over the choice of their equipment and over 
their working conditions. The ergonomics decisions affecting their 
jobs are in the hands of surrogates, such as managers, purchasing 
officers, unions, and governments. Most professional ergonomists 
will advise a participatory approach to job and equipment design- 
turning the objects of interest into subjects. However, this partici- 
patory process is best used for fine-tuning purposes once the basic 
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ergonomics rules have been applied and conditions of use and po- 
tential abuse have been described. 

PHYSICAL ERGONOMICS IN INDUSTRY 
The remainder of this discussion will focus on the physical er- 

gonomics domain in industry. Table 25-1 indicates that the princi- 
pal objective of physical ergonomics in industry is the simultaneous 
improvement of health and productivity, with an emphasis on the 
prevention of cumulative trauma disorders. People familiar with 
the modern manufacturing industrywill be aware of the resurgence 
of enormous pressures to become more efficient and competitive 
in production. This emphasis has, to some extent, replaced the fo- 
cus on quality that occurred in the 70s and 80s, although nowadays 
high quality is the price of market entry. 

ORGANIZATIONAL FACTORS 
Issues of quality are not usually seen as being the domain of 

contemporary ergonomics-rather they are dealt with by engineer- 
ing approaches to error proofing. These involve not only engineer- 
ing design to reduce error, but also the trend toward short-cycle 
work so that operators can become highly skilled very rapidly. This 
trend perpetuates the vicious circle of repetitive motion strain and 
the more insidious problems of mindless work, leading to motiva- 
tional and unwanted compensatory problems. Despite these pe- 
ripheral problems of quality and motivation, the practice of 
industrial ergonomics currently converges on the physical prob- 
lems of repetitive work. 

In most companies, ergonomics is found in the Health and Safe- 
ty department, usually part of the personnel activity. This arrange- 
ment may be appropriate for reactive programs but, for proactive 
programs, there is a stronger argument to locate ergonomics with- 
in the engineering activity. The principal source of ergonomics 
education in universities is within the Industrial Engineering de- 
partments and this is the logical location in manufacturing indus- 
try, if such a department exists. In recent years, industrial 
engineering in many companies has been amalgamated with man- 
ufacturing engineering and the focus on time and method study 
has been passed on to the production organization, often through 
the medium of work teams. 

In organizations with short cycle production lines and labor costs 
that are a relatively high portion of overall product cost, the tradi- 
tional industrial engineering time study and line balance activi- 
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ties still remain. For example, machining and mechanical assem- 
bly of small components may involve cycles of 20 seconds or less, 
press shops and food processing may have 2-5 second cycles, where- 
as automobile assembly typically employs 1-5 minute cycles. These 
kinds of organizations require substantial input from traditional 
industrial engineering, and the opportunity to balance the spatial 
and force stressors with temporal exposure is best co-located with- 
in that department. Such arrangements may appear as a conflict 
of interest and purpose if there is not sufficient input from the 
production organization and employees themselves. In unionized 
organizations, this conflict often escalates to a major confronta- 
tion over staffing levels, with ergonomics being at the center of the 
debate. 

Contemporary arrangements of manufacturing cells and work 
teams may help to resolve the conflicts. Such arrangements are 
conducive to job enlargement and rotation, and provide substan- 
tial autonomy for the work team to carry out ergonomics and task 
balance activity. In plants with these arrangements, the industrial 
engineer or ergonomics specialist fulfills an advisory role to the 
work team. Prime examples of such arrangements are to be found 
in Japanese transplants. 

ERGONOMICS PROGRAMS 
A contemporary view of ergonomics is that the benefits can be 

achieved by the implementation of ergonomics programs. For ex- 
ample, OSHA’s “Meatpackers Guidelines,” (OSHA 3121, 1990) the 
agreements that OSHA implemented in 1990 with the automobile 
manufacturers and their unions, and the more recent efforts by ANSI 
to develop a musculoskeletal disorders prevention standard, are 
generally programmatic in nature. They contain descriptions of the 
types of activities that “shall” or “should” be performed by organi- 
zations to reduce the incidence, severity, and cost of cumulative trau- 
ma disorders. The general content of these programs includes 
organizational approaches to obtain management commitment and 
employee involvement. They involve extensive training efforts, pro- 
cedures for job analysis, and rules for hazard abatement. They also 
prescribe detailed medical management protocols, including record 
linkage between job analysis, intervention, and outcomes. A partic- 
ularly controversial aspect of these programs is the level of report- 
ing necessary to ensure that the program is being implemented and 
the desired outcomes are achieved. Observers generally appreciate 
that there may be many alternative approaches to solving the CTD 
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problem. Consequently, the details of programs should be tailored 
to particular industries and situations. 

Most programs at the time of this writing are reactive in nature. 
They address individual existing jobs. In reality, reactive ergonom- 
ics will continue, for the foreseeable future, to provide the major 
opportunity for intervention. Most companies do not have long de- 
velopment programs with new products and processes. They tend 
to use and modify existing facilities, equipment, and work meth- 
ods. Some larger organizations, notably in the automotive indus- 
try, have a regular cycle of new product and process development. 
It is common for extensive retooling to take place at the time of 
model change. These changeover periods also provide the occa- 
sion for balancing production lines by arranging the content and 
sequence of jobs for both production and ergonomics purposes. 
The automotive companies, therefore, are somewhat advanced in 
their systematic integration of ergonomics concepts into their new 
product and process development cycle. Perhaps the greatest op- 
portunity for proactive ergonomics lies in the use of the computer 
as an integrating device for product and manufacturing process 
design, production simulation, and anthropomorphic modeling. 

The generally recognized contemporary purpose of manufactur- 
ing ergonomics is to reduce the incidence and severity of cumula- 
tive trauma disorders. The public view of the profession and 
standards is one of protectionism. The logical direction, therefore, 
is the reduction of physical stress, particularly in terms of posture, 
movement, force, repetition, and static activities. Clearly, this sim- 
plistic view is diametrically opposed to the generally accepted prac- 
tices of physical fitness that seek to increase all of these stresses. 
The problem is confounded by the wide variability in human capa- 
bilities, limitations, and vulnerabilities. This dilemma is central to 
the debate regarding ergonomics standards and guidelines. 
CUMULATIVE TRAUMA DISORDERS 

Cumulative Trauma Disorders (CTDs) have many synonyms, 
each reflecting a particular characteristic of the clinical condition, 
or its etiology (Bernard 1997). Cumulative trauma implies repeat- 
ed micro trauma as also does repetitive strain injury (RSI). A se- 
mantic and legal problem lies in the use of the words “disorder” 
and “injury.” To some, an injury results from a single acute inci- 
dent from a well-defined agent. On the other hand, CTDs are often 
classified as illnesses that may have a less well-defined cause. The 
expression overuse injuries (OUIs) gets closer to the point that the 
tissues may be damaged simply by exceeding normal use. 
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More recently, the term musculoskeletal disorders (MSDs) has 
focused attention on the site rather than the cause of damage. This 
site approach may be helpful in explaining cause and effect. 

A fairly common experience is a blister or callous, associated 
with the skin, usually directly attributable to a source of external 
friction. Where the friction is particularly intense (acute), the le- 
sion may be called an abrasion, which involves a well-described 
circulatory response and repair process. The formation of a callous 
clearly happens over time and involves a reaction of the skin tis- 
sue (thickening) to a repeated insult, such as walking in tight shoes. 

Tendons (connections of muscles to bone), ligaments (connec- 
tions between bones around joints), joint capsules (sheets of fibrous 
tissue surrounding synovial joints), bursae (fluid-filled sacks be- 
tween tendons and bones), and tendon sheaths (lubricated tubes 
around tendons where they rub over each other or over bones) are, 
like the outer layers of the skin, less endowed with capillaries. 
Rather, they receive their nutrients through such structures as syn- 
ovial membranes and general pervasion of fluid. A similar phe- 
nomenon to blister or callous formation may occur in the 
musculoskeletal systems when a particular structure is subject to 
repeated friction, tension, compression, or micro tearing. The par- 
ticular site will be directly related to the mechanical stress site and 
form of damage. Because of the widespread differences in anatom- 
ical structure and micromotions between individuals, the precise 
sites and the form and rapidity of reaction may be different. Com- 
mon sites include the junctions between tendons, bones, and mus- 
cles and where tendons are restrained by ligaments (retinaculae) 
or bones. 

Muscle tissue and the intramuscular connective tissue, on the 
other hand, are more generously supplied with capillaries and, 
when subjected to strain or micro trauma, repair more quickly than 
tendons. A common observation is that muscles usually respond 
to repeated activity by getting bigger and stronger, if sufficient rest 
is provided between bouts of exercise. Similar growth responses 
may be observed at the junction between tendons and bone and in 
the tendons themselves. However, these sites may also succumb to 
chronic disorders such as “tennis elbow.” 

Other forms of cumulative trauma may affect the cartilaginous 
surfaces of bone ends in the joints, such as osteoarthritis. Howev- 
er, there is some evidence that this disorder may be as much a 
result of underuse as overuse. Damage to the peripheral nerves 
may be more indirect. For example, one theory of carpal tunnel 
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syndrome is that the finger flexor tendons thicken either through 
overuse or in response to micro trauma. These thickened tendons, 
in turn, compress the median nerve as it passes through the nar- 
row fibro-osseos canal in the wrist and interferes with the circula- 
tion to the nerve, resulting in interference with sensory and motor 
conduction. 

A key characteristic of cumulative musculoskeletal disorders is 
that they vary in severity and that some people become more inca- 
pacitated than others. Some people have lower tolerance thresh- 
olds than others. It is not uncommon for highly motivated athletes 
to ignore such injuries until they either repair naturally (with judi- 
cious rest) or become intolerable. On the other hand, employees 
who may be less motivated to withstand discomfort, and who have 
less opportunity to avoid the external pacing of a production line, 
may have a lower threshold and be more likely to respond by seek- 
ing a legitimate medical relief. These so-called psychosocial con- 
tributions to cumulative musculoskeletal disorders have received 
considerable anecdotal attention, but they are not easily subject to 
unequivocal empirical study. 

The comparison between industrial employees and athletes with 
regard to cumulative trauma is perhaps the most fruitful path to a 
solution to this enormous medical, economic, legal, and political 
problem. Baseball pitchers don’t pitch every day and marathon 
runners don’t compete every week. Most athletes adopt strategies 
of cross training, if only to reduce boredom. It is clear that produc- 
tion line employees, as well as data processing and checkout clerks, 
must benefit from assignment strategies that create physical job 
variety. Job enlargement and rotation are two such strategies. How- 
ever, these strategies require careful planning to address both the 
physical content of the alternative work and the psychosocial re- 
sponse to change. 

COMMERCIAL OPPORTU N IT1 ES 
The accelerated growth of physical ergonomics over the past few 

years has been fueled by many commercial opportunities. These 
opportunities have three main forms: training, job analysis, and 
physical devices. 

TRAINING 
The training surge started with the offering of short courses by 

university professors, then spread to the specialized consultants, 
and finally to a much broader range of related consultants with a 
narrower focus on physical task analysis and mechanical solutions. 
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It is now possible to obtain courses that last from one hour to over 
a year, as described in Table 25-2. 

Duration 

1 hour 

day 

week 

month 

year 

Table 25-2. Ergonomics training courses 

Type 

Awareness 

Introductory 

Technical 

Advanced 

Professiona I 

Audience 

Executives, 
employees 

Managers, 
engineers 

Engineers 

Practitioners 

Specia I ists 

Content 

Politics, philosophy, and economics 
Personal involvement in lob design 

The right questions to ask, rules 
and tools 

Analytical tools and solutions 

Theory, in-depth analysis 

Ergonomics leadership 

Legislative and standards efforts have stimulated this major 
expansion in the ergonomics training field. It is generally under- 
stood that ergonomics cannot be done solely by ergonomists. Rath- 
er, product, manufacturing, and industrial engineers need to be 
trained to incorporate ergonomics concepts in their routine activi- 
ties along with traditional concepts of engineering, cost, the envi- 
ronment, mass, and lead times. These engineers are often supported 
by ergonomics practitioners of varying levels of training, particu- 
larly where large amounts of detailed job analysis are deemed ap- 
propriate. It is becoming common for large companies to provide 
one specialist per location to fulfill the role of ergonomics special- 
ist. Finally, supervisors, managers, and executives need training 
in the purpose, philosophies, politics, processes, and economics of 
ergonomics. 

A general structure of ergonomics training involves course du- 
rations of one hour, one day, one week, one month, and one year. 
The one-hour, or awareness level, is usually appropriate for most 
company employees including management, engineering, union 
leadership, production, and support employees. The content and 
presentation form needs to be tailored to the particular audience 
with an emphasis on purpose, process, and outcomes. The one- 
day, or introductory level, is generally aimed at managers and en- 
gineers with some direct responsibility for managing or supervising 
ergonomics activity. The content includes an outline of the rules, 
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tools, and techniques of ergonomics as applied to the particular 
industry. The one-week, or technical training, is aimed at individ- 
uals with routine responsibility for ergonomics, possibly as part of 
their product or manufacturing engineering jobs. The one-month 
advanced ergonomics training is aimed at individuals expecting to 
have full-time responsibility for ergonomics at the plant, division- 
al, or corporate levels. Most large companies employ ergonomists 
with professional training and certification. 

JOB ANALYSIS 
Contemporary ergonomics analysis methods involve checklists 

and work sheets of various levels of sophistication. They range from 
simple univariate screening devices to complex models involving 
the integration of such stressors as posture, force, and time. When 
these methods fail to solve the perceived or predicted problem, 
then more complex analyses may be used, including computer 
models or biomechanical, physiological, psychophysical, and sur- 
vey devices. On rare occasions, the classical experimental approach- 
es may be attempted. However, the complexity of manufacturing 
settings is such that these ideal approaches are usually not feasi- 
ble, particularly when there are time and production constraints. 

Checklists 
By far the most widespread device is the checklist. There are 

probably more ergonomics checklists than ergonomists. Most cov- 
er a range of spatial, force, and exposure (time) factors, usually in 
one-dimensional form. 

The answers to checklist questions range from qualitative and 
subjective to quantitative and objective. For example, a subjective 
checklist may ask the question: “Does the worker appear to be out 
of breath?” A more objective, but more difficult to answer ques- 
tion would be: “What is the average energy expenditure of the 
employee in kilocalories per minute over the working day?” 

Some checklists attempt to integrate the various forms of stress 
by addition or multiplication methods that require answers to dif- 
ferent questions. It is important to note, however, that complex 
analyses usually have to be decomposed into their contributing 
elements for solution prioritization and implementation. For ex- 
ample, most force factors are the province of a product engineer, 
most spatial factors-how the workplace is arranged-are the re- 
sponsibility of a manufacturing engineer, and most time (exposure) 
factors-how much work is contained in the job cycle-are decid- 
ed by the industrial engineer. 
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The checklist approach is akin to the stereotypical health main- 
tenance organization (HMO) approach in health care where stan- 
dard responses are applied to standard sets of conditions. For the 
most part, these approaches, particularly if they are quantitative, 
satisfy the expectations of management, unions, and employees. 
F’urthermore, they can be applied by monitors-engineers or pro- 
duction employees with minimal background training in ergonom- 
ics. However, the complex interactions between the work 
conditions, individual susceptibility, and the circumstances of a 
task is such that standardized ergonomics analysis and interven- 
tion is not always successful. An alternative approach is to employ 
more highly trained and experienced ergonomists or interdiscipli- 
nary teams who use less structured and more rapidly-convergent 
analysis methods. Such approaches, in both the reactive and pro- 
active mode, are more likely than the former structured approach 
to identify complex interactions. 

The NlOSH Lift Equation 
A widely-used and abused analytical device is the National In- 

stitute for Occupational Safety and Health (NIOSH) Lift Equation, 
which has 1981 and 1991 versions (Waters et al. 1993). This is a re- 
markably useful device in that it integrates the major physical fac- 
tors in manual material handling, and indicates which factors have 
the greatest contribution to the overall stress index. The equation, 
developed by a professional consensus of leading ergonomists, is 
based on the best available epidemiological, biomechanical, phys- 
iological, and psychophysical evidence. 

A major advantage, and ultimate disadvantage, is that the equa- 
tion is very easy to use. This has led to widespread misuse in con- 
ditions beyond the scope of the equation by practitioners who are 
not cognizant of its theoretical basis and limitations. In the hands 
of well-trained individuals, the equation can contribute to a very 
useful understanding of the physical stresses involved in manual 
material handling-arguably the most important cause of occupa- 
tionally-induced, low-back pain. 

Anthropomorphic Models 
The more advanced analytic techniques range from computer- 

based anthropometric, biomechanical, and physiological models 
of human beings at work to video, electrogoniometers, and elec- 
trophysiological techniques. Anthropomorphic modeling is expe- 
riencing a surge in interest and is finding its roots in robotics 
programming. Unfortunately, the devices available to date are more 
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like robots than people in that they do not address the variability 
of shape and size, and their joints and joint interactions are much 
less complex than human joints. However, if the purpose is limited 
to the simple visualization of a human figure in a three-dimen- 
sional spatial work environment, then the current models may be 
adequate. 

A second shortcoming of these current, simple models is that 
they are quite difficult to develop and require a good knowledge of 
robot simulation languages, as well as human form and function. 
The challenge for companies that aspire to lead the application of 
these techniques is the concurrent development of the technology 
(hardware and software), people trained in ergonomics and com- 
puter graphics, and an organizational structure that integrates this 
technology into the existing product and manufacturing system 
development processes. 

Biomechanical Models and Methods 
The leading contemporary biomechanical models have been 

developed by the University of Michigan Center for Ergonomics. 
These two- and three-dimensional devices are essentially static 
models in that they do not account for the complex effects of iner- 
tia on human function and vulnerability. However, in trained hands, 
they are remarkably powerful analytic tools. The biomechanical 
device world encompasses video and electrogoniometers, such as 
the “lumbar motion monitor” developed at Ohio State University, 
which describes joint movement and electromyography. These so- 
phisticated tools are backed by a wide variety of data reduction 
and analytic software, which aspire to identify conditions that could 
approach the limitations of the human musculoskeletal system. 
They do not, however, address the difficult issue of human variabil- 
ity. They are not calibrated to measure conditions of actual muscu- 
loskeletal failure and require advanced training for their users. 
PHYSICAL DEVICES 

The physical device opportunities range from external mecha- 
nisms that place materials in convenient locations, to devices that 
assist the movement of materials, to orthotic devices that support 
various joints. The placement devices include lift, tilt, and rotat- 
ing tables; adjustable work benches; sloping storage racks; and a 
plethora of computer workstation devices. The movement of ma- 
terials is assisted by articulating arms and balancers. 

Perhaps the greatest ergonomics material handling aid is the 
attachment of wheels to carry-on luggage. Ironically, the market, 
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rather than the ergonomics profession, should claim credit for ex- 
panding this form of assist. Before the reader confuses ergonom- 
ics with engineering, it must be pointed out that these are 
complementary professions-the ergonomists articulate the human 
interface requirements in detail and the engineers implement the 
solutions. 

Orthotic Devices 
Perhaps the most infamous orthotic device that has had wide- 

spread commercial success is the back belt. These come in rigid, 
flexible, and pneumatic varieties. Their promotion is based on two 
theories. First, it is claimed that they support and restrict the range 
of motion of the spine, either directly or through increasing intra- 
abdominal pressure. Second, it is suggested that they act as train- 
ing or reminder devices. Empirical evidence regarding their effects 
ranges from indications that they reduce injuries to suggestions 
that they encourage risky behavior, cause atrophy, and increase 
the incidence of back injury. The consensus of medical and ergo- 
nomics experts on these devices is that they may be useful in pro- 
tecting injured tissue during rehabilitation, but that they have no 
place in the protection of healthy tissue (NIOSH 1994). 

Similar theories are pursued for limb support devices, includ- 
ing wrist rests, foot orthotics, and tendon bands. Again the empir- 
ical support is equivocal. The ski boot provides something of an 
exception. Its rigidity certainly protects the ankle, although there 
is the strong possibility that the loss of mobility at the ankle places 
greater demands on the knees for movement control and balance 
adjustment, thus giving rise to a greater incidence of knee inju- 
ries. Unfortunately, trends such as these are not subject to clear 
epidemiological investigation. Perhaps the most famous orthotic 
of all is the chair. It started with three legs and a small flat surface 
to support the ischii. Now it has sprouted various configurations of 
legs and lateral, vertical, and horizontal support. 

The prevalent theories of support in the context of preventing 
cumulative trauma disorders deal simply with the postural and 
force elements. They ignore the fundamental contributions of time 
and the undoubted fact that the human being is a dynamic organ- 
ism that thrives on an optimal level of physical stress. The chair is 
the prime example. Most chairs-even ones improvised from the 
edge of a desk-are comfortable for short periods of time, especial- 
ly if one has been standing for a long time. Conversely, all chairs 
are uncomfortable if one is constrained to them for long periods. It 
is a relief to stand up and stretch one’s legs or get the circulation 
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going. In other words, comfort, discomfort, fatigue, or even cumu- 
lative trauma result from the distribution, over time, of static and 
dynamic physical activity. 

THE PROBLEM OF SCIENCE AND STANDARDS 
The process of science is quite straightforward: ideas, based on 

theory, experience, or intuition, are translated into hypotheses, 
which are often mathematical. These hypotheses are then tested 
empirically and rejected, confirmed, or modified. Science is itera- 
tive-it moves in a slow evolutionary way, sometimes punctuated 
by revolutionary insights. Technology lags science. The applica- 
tion of technology, for investment reasons, lags even further be- 
hind. This gap between science and applications is exacerbated by 
the educational and motivational gaps between scientists and prac- 
titioners. These truisms are clearly evident in ergonomics. 

Most ergonomics science is reductionist. Typical laboratory or 
field experiments involve a handful of subjects and a limited num- 
ber of conditions. The results of experiments often point in some 
general direction but, because of the enormous problem of human, 
situational, and temporal variability, many theories and derived 
technologies are subject to invalid extrapolation and unfair criti- 
cism. There are particular problems with selecting sample subjects 
for experiments and the differences, due to adaptation, of target 
populations to whom the experimental findings are applied. 

The challenge to practitioners is to take the available literature 
and, using their professional experience, interpret, interpolate, and 
extrapolate it to suit the particular situation. A pertinent example 
is the practitioner’s need to answer the question: What should be 
the weight limit of an object that has to be handled manually? The 
scientist will say, “It all depends ...,” but that does not help the prac- 
titioner who may not have sufficient information regarding the 
population of lifters and conditions of lifting. 

The practitioner may be pressured by factors other than the ca- 
pabilities of his population, such as traditional object weight rang- 
es in his industry. The practitioner also may have to contend with 
an aging cohort of lifters whose capabilities are less than average. 

CONSENSUS 
Perhaps the only reasonable approach to ergonomics is to base 

decisions on a consensus of interested parties. The different par- 
ties will inevitably have different backgrounds and biases, and will 
weight sources of evidence differently. For example, employers of 
manual material handlers would rather pay only one person to lift 
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an object, whereas the more conservative health scientist may opt 
for two people, or one and an expensive handling device. The chal- 
lenge to the practitioner, given advice from the scientists and tech- 
nologists, is to come up with a compromise that will please most of 
his or her customers, most of the time. 

This simple, but very pertinent example, clearly highlights the 
problems caused by human variability. It also leads to the discus- 
sion of the general problem of ergonomics standards. 

ERGONOMICS STANDARDS 

Operation a/ Definitions 
In recent years, there have been many attempts to consolidate 

ergonomics knowledge into the form of standards. A major initial 
hurdle has been the semantic discussion regarding the term “stan- 
dard” and its synonyms. The following operational definitions are 
offered to help prevent misunderstandings. 

Standard-a standard is usually quantitative and based either 
on science or on a consensus. Failure to adhere to the standard 
may result in some penalty under the law or an incompatibility 
between different systems. For example, the spacing of railway 
tracks or the size of household electrical plugs are standards that 
allow manufacturers to produce compatible items. Similarly, a traf- 
fic speed limit is a standard developed by consensus (some would 
say negotiation) that facilitates the control of driver behavior. 

Specification-a specification is a clear quantitative statement. 
Commonly, however, a specification may be accompanied by an 
allowable range of deviation that reflects the capability of a manu- 
facturing process. For example, the quantity of fluid in a container 
may be one liter plus or minus 1%. An ergonomics specification for 
a work bench height may be 35 in. (89 cm), with plus or minus 5 in. 
(13 cm). In general, deviation from the target value of a specifica- 
tion may be indicated by a (nonlinear) loss function associated with 
increasing costs. 

Guideline-a guideline may be quantitative or qualitative and 
provides information to assist designers or decision makers. In 
general, failure to follow a guideline may not necessarily result in 
a penalty or incompatibility. Rather, it will increase the probability 
of such occurrences. For example, a guideline (NIOSH Lifting Equa- 
tion) for manual material handling will not guarantee that no one 
will be hurt. Rather, if followed, it will reduce the probability of 
injury. A guideline may be conservative or liberal. The NIOSH lift 
guideline may be an appropriate protective device for healthy adults 
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accustomed to physical work, but it may be inappropriate for older 
people or physical work in extreme heat conditions. 

Requirement-a requirement is usually an internal company 
statement regarding adherence to government or industry stan- 
dards or guidelines. For example, a company may require that all 
its manual material handling jobs have a NIOSH lift index below 
3.0, whereas another company, that hires fewer robust people, may 
set its requirement at 2.0. 

Design, Performance, Programs 
Another way to classify standards is to differentiate between 

design, performance, and programmatic forms. 
Design-as described earlier, a design specification is an engi- 

neering concept. It defines, in a quantitative way, the inputs to, or 
the design parameters of, a system. A school zone speed limit of 25 
mph (40 km/hour) or a parcel weight limit of 50 lb (23 kg) are spec- 
ification standards. Such standards are appealing to both engineers 
and enforcement officials as they are clear and objective. They may 
not, however, be reliably predictive of process outcomes, as acci- 
dents may happen below 25 mph (40 km/hour), and 50 lb (23 kg) 
may be too heavy for some people in some situations. 

Performance-a performance measure represents an outcome of 
a process. A common injury/illness performance measure is the 
number of diagnosed occurrences per 100 employees per year. Sim- 
ilarly, a quality measure may be the number of defects per 1,000 
products, and a productivity index may be the number of items 
produced per day. It should be noted that these performance mea- 
sures commonly contain a contextual component or denominator. 
The performance standard may be a particular level or a commit- 
ment for the measure to change at a prescribed rate. 

Progrums-a programmatic standard describes the characteris- 
tics or elements of a process (program). For example, a healthy life- 
style will include attention to diet and exercise, minimization of 
bad habits, and regular checkups. A musculoskeletal-disorder pro- 
grammatic standard will include such elements as management 
commitment, employee participation, training, job analysis, haz- 
ard abatement, medical management, record keeping, and report- 
ing. It should be noted that such programmatic standards are 
generally qualitative. However, it is possible to specify in detail the 
precise nature of these components. For example, one could specify 
a particular analysis checklist or medical management protocol. A 
program performance measure may be the number of open jobs six 
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months after the completion of an analysis phase. The degree of 
specificity of programmatic standards (or guidelines) has been a 
major issue over the past decade. 

Recent History of Standards 
In the late 1980s, OSHA issued a set of “Meatpackers Guide- 

lines.” These guidelines were programmatic in nature and were 
aimed at improving the performance of meat processing plants as 
measured by injury-illness rate. The logic of this approach was that, 
if the companies were encouraged to do certain things, including 
the application of ergonomics concepts, the rates would go down. 
During the early 199Os, OSHA developed agreements with the Big 
Three automotive companies and unions. Like the Meatpackers 
Guidelines, these agreements were programmatic in nature, al- 
though considerably more detailed. They also included various 
program performance measures, including timelines. 

Following this model, OSHA made a very ambitious attempt to 
issue a programmatic standard for general industry, including ex- 
plicit risk factor specifications in the form of a checklist. The draft 
form of this standard contained voluminous details of how to imple- 
ment a musculoskeletal disorder reduction program, with extensive 
reference to the scientific literature. These activities became the 
focus of intense political debate, causing the standard‘s issuance to 
be suspended. The principal and successful objections were the crit- 
icisms of the scientific evidence and the failure of OSHA and NIOSH 
to prove a clear “dose response” relationship. 

The latest efforts to promulgate a standard have been through 
ANSI and various states, notably California. These efforts have 
generally restricted themselves to programmatic guidelines or re- 
quirements, with the debate related to the degree of specificity and, 
in some instances, to the justification for a standard of any form. 
The standards’ opponents argue that humanistic, economic, and 
legal forces will serve to obviate the need for government inter- 
vention in this complex area. 

Accommodation Standards 
The traditional accommodation standard in anthropometry in- 

volves the fifth or 95th percentiles for reach and fit respectively. 
Where the outcome is less critical or the use is less frequent than 
the 25th and 75th percentile, accommodation levels may be adopt- 
ed. Where comfort and convenience can be achieved at relatively 
low cost, the first or 99th percentiles may be used. When risk of 
severe outcomes are associated with complex human performance, 

456 



Worldwide Corporate Ergonomics Efforts-USA 

then it is common to discuss accommodation levels of 0.01 or 99.99. 
Many of these accommodation standards assume that the under- 
lying human characteristic is normally or symmetrically distribut- 
ed. However, many human performance (psychophysical) and 
vulnerability (to cumulative trauma disorders) characteristics are 
skewed, and some may not be continuous. 

In most human performance situations, it is only possible to 
approximate these measures because of sampling and investiga- 
tion design constraints. Consequently, an attempt to accommodate 
the 95th percentile, for example, may involve considerable error 
where the original investigation samples and application popula- 
tions are inherently different. These issues lead to a fundamental 
policy in ergonomics standards development. Ergonomists should 
be responsible for supplying the evidence, but managers, politi- 
cians, the courts, and society at large should be responsible for 
setting accommodation or risk levels. Standards and laws in the 
United States are often supported by a cost-benefit analysis that 
amalgamates the performance probabilities with estimates of out- 
come severity. An example of such standard setting can be seen in 
the establishment of speed limits on various roads under various 
conditions. There is a clear advantage of high speed; one arrives at 
one’s destination more quickly. The probability of accidents is very 
low-most people drive for a lifetime with no or few untoward events. 
However, when accidents do occur, the outcome is often very severe 
and costly. The annual death rate on US.  roads is over 40,000, but 
speed per se is only one of many factors contributing to this statis- 
tic. Society and its representatives-the law makers, law enforcers, 
and the courts-set, implement, and interpret the standards. 

The debate regarding physical ergonomics standards has not yet 
reached this level of sophistication. However, devices such as the 
NIOSH lifting guidelines and “Snook” tables (Snook and Ciriello 
1991) have gone a long way in attempting to link the practicalities 
of standards setting to the complex scientific basis. The sister pro- 
fession of industrial hygiene is more advanced in that it has set 
values such as permissible exposure limits (PELS) for many indi- 
vidual chemical, particulate, and physical environmental stressors. 
Many of these stressors are similar to the mechanical stressors that 
cause cumulative trauma disorders-there are certain advantages as- 
sociated with the stressor, but at high levels the outcomes may reach 
intolerable levels. The difference between these (industrial hygiene) 
stressors and those commonly encountered by physical ergonomists 
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is that they are extrinsic to human work. The stress of physical work 
is intrinsic-it is the thing the individual is paid to do! 

The recent flurry of activity regarding ergonomics standards has 
done a lot to articulate the many and complex issues. Eventually 
the political debate, backed by the multiple sources of scientific, 
logical, and epidemiological evidence, will converge on societally 
acceptable standards or guidelines. 

EXPOSURE-THE TIME FACTOR 
In the case of physical ergonomics, the principal system charac- 

teristics include object location, orientation, size, shape, weight, 
and other forces associated with object manipulation and the vari- 
ous temporal elements such as repetition, duration of static exer- 
tions, and length of the work shift. The weight and force factors 
are usually the responsibility of the product engineer. The spatial 
factors that impose postural and movement stress on the operator 
are the responsibility of the tooling or manufacturing engineer. 
Finally, the temporal factors are usually the responsibility of the 
industrial or operations engineer. As far as the operator is con- 
cerned, it is his or her interaction with all factors that affect pro- 
cess outcomes, such as productivity or cumulative trauma. Most 
recent ergonomics interventions focus on reducing force and spa- 
tial stressors. If the object is heavy, provide a hoist; if the job loca- 
tion is too low, provide an adjustable-height work surface. 

Too little attention has been paid formally to the temporal is- 
sues, although they are at least equal contributors to such outcomes 
as product quality, productivity, and cumulative trauma. firther- 
more, the simplistic reduction of spatial and force stressors in the 
design of ergonomic workplaces may increase the opportunity for 
greater productivity, but may result in greater temporal stress, such 
as high repetition rates or reduced within-cycle physiological re- 
covery time. The age-old adage, “a change is as good as a rest,” is 
clearly pertinent in physical work. The provision of change (cross 
training) is central to most athletic conditioning. The challenge in 
industry is to provide appropriate change. 

Job enlargement, from the physical viewpoint, involves the pro- 
vision of a greater variety of physical activities within a defined 
job cycle. A broader view of enlargement includes increasing the 
cognitive and organizational content of a job. For example, con- 
temporary industrial practice includes total productive mainte- 
nance concepts in which assembly operators have responsibility 
for the service and maintenance of their equipment, to the extent 
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that their knowledge and training permit. A derivative of job en- 
largement is job rotation, in which operators perform one job for a 
short period of time before moving on to another. The athletic anal- 
ogy is circuit training. It is essential that the alternative jobs are as 
physically (or cognitively) different as possible. Another deriva- 
tive of enlargement is the concept of enrichment. One theory is 
that broader participation will bring with it greater feelings of own- 
ership in the overall organization and hence lead to greater levels 
of motivation. However individuals are notoriously different in their 
appreciation of “enrichment.” 

Job enlargement and rotation concepts have a number of draw- 
backs. The first issue is training. A number of operators in a partic- 
ular area or rotation must be trained to the same level, and it can 
only be assumed that they all have sufficient physical and cogni- 
tive capacity for performing the broader variety of jobs to the re- 
quired quality standards. 

A second drawback relates to the problem of change from the 
traditional practice of narrow job responsibilities to broader ones. 
These changes may result in a loss of ownership of a particular job 
or job location. Furthermore, where there are traditional seniority 
agreements that allow individuals some degree of job choice, those 
who have graduated to better jobs may be very reluctant to revert 
to less desirable ones. These seniority agreements are based on a 
concept of fairness in that length of service should bring with it 
rewards of greater choice. A major drawback of all of these con- 
cepts of rotation, enlargement, and enrichment is the inherent vari- 
ability of individuals. There is no doubt, from the physical or 
mechanistic point of view, that these concepts have merit. It is also 
clear that they also have many operational and motivational ad- 
vantages. However, misapplication of these concepts may lead 
to insufficient reduction of physical stress, and unthinking impo- 
sition may result in emphatic opposition. Individual enrichment 
is a perception of the individual. 

TEAMS 
One step beyond these individual enlargement, rotation, and 

enrichment programs is the organizational approach to teams, 
which includes many of the benefits described in previous para- 
graphs. An additional benefit is that the team can assume much 
greater responsibility than an unlinked group of individuals for 
various operational and managerial aspects of the job. 

A simplistic view of the team is based on the concept of fairness 
and equal rewards for equal work. Each team member shares the 
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work equally, for example, by job rotation. The athletic equivalent is 
found in volleyball where all team members rotate around the dif- 
ferent positions. Other team sports present a different view-the 
team, team leader, or the coach assigns particular players to particu- 
lar responsibilities, according to their abilities. Of course, individu- 
als may differ in their perceptions of their own capabilities and those 
of others, but, with time, teams either gel or fall apart. 

In the athletic setting, the reward for being a team player is a 
share in the success of the team. In the industrial setting, team 
concepts may have less clear extrinsic rewards. The intrinsic so- 
cial and organizational value of teams has been shown to have sub- 
stantial productivity, product quality, and motivational benefits. 
From the physical ergonomics viewpoint, the team concept can 
employ work assignment strategies that reduce the intensity of 
physical stress and, thus, the incidence of cumulative trauma. 
However, work teams are seen by organized labor as usurping some 
of their traditional responsibilities as representatives of a large 
collection of individual workers. Consequently, team work, a po- 
tentially powerful concept, must face the realities of the overrid- 
ing political climate. 

OBJECTIVES OF ERGONOMICS 

FITTING THE TASKS 
One traditional view of ergonomics is that it should focus on 

fitting the task to the man, woman, or child. The complementary 
activity involves selection and training of individuals to fit the task. 
It is clear that both approaches are based on the same scientific 
knowledge. Selection and training are likely to fail unless the char- 
acteristics of the task system are well defined. Conversely, task 
system design demands some knowledge of the capabilities and 
limitations of the particular population of users. It would be un- 
thinkable to attempt to design an airplane without assuming a cer- 
tain training level of a pilot. However, the training of an individual 
in the correct method of lifting may be irrelevant if the weights 
and conditions involved are beyond his capacity. Competitive sports 
represents the extreme form of selection and training, whereas the 
design of consumer products, such as the telephone and most gro- 
cery packages, represents a successful attempt to accommodate 
the capabilities and limitations of a very wide audience. The noto- 
rious VCR represents a failed attempt to design for the broad range 
of potential users. In the long run, the challenge for ergonomics- 
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human factors is to blend hardware and software design with hu- 
manware selection and training. 

Facilitators 
Where there is a gap between system design and user capability, 

there is the opportunity for the use of facilitators. Indeed, physical 
and cognitive facilitators represent the ultimate opportunity for 
interface design. A facilitator is a device that may or may not be 
used to achieve system function, depending on user capability. In 
the physical world, manual material handling devices may be used 
or not, depending on the strength of the user. In the cognitive are- 
na, a label or warning may be used by first-time users, but more 
experienced users do not need them. The same reasoning is true 
for telephone lists, bicycle training wheels, golf carts, and daily 
living aids for elderly and disabled people. The concept that a sys- 
tem should be designed for all users is inefficient. More ergonom- 
ics-human factors focus should be addressed to the use of 
facilitators for subsets of the user population. 

PREVENTING UNWANTED OUTCOMES 

Physical Failure 
One major component of ergonomics deals with analysis of the 

reasons why people make errors, leading to the design of systems 
to prevent the occurrence of human error or reduce the severity of 
unwanted outcomes. Human beings fail for many reasons. They 
may fail physically or in their ability to process information appro- 
priately. Physical failure may vary from the simple inability to reach 
an object or fit into a space through biomechanical strain, sprain, 
or fracture to a physiological or pathological failure-such as a heart 
attack or fall. Such failures, however, are relatively rare causes of 
accidents. 

Cognitive Failure 
Failure in information processing is both the most frequent form 

of failure and the form that leads to the greatest severity of un- 
wanted outcome. For example, failure to pay attention to appropri- 
ate information while driving a car, controlling a power plant, 
diagnosing an electrical fault, or making a financial decision may 
result in catastrophic outcomes. Sometimes the failure of atten- 
tion may be due to the individual being distracted, or the relevant 
information not being displayed appropriately. Other information 
processing failures may occur due to inappropriate perception, for- 
getting, or adopting a wrong problem-solving strategy. The oppor- 

461 



Ergonomics in Manufacturing 

tunities for human failure are carried full circle back to the physi- 
cal arena when one considers those accidents that are due to lack 
of skill, as in manipulating a tool or crane control. These types of 
informational handling failure are at the root of most industrial 
accidents and can loosely be called cognitive failures. 

Behavioral Failure 
Another type of failure can be described as behavioral. In these 

cases, individuals or groups habitually do things in a way that is 
conducive to accidents or containment of the outcomes of accidents. 
Qpical examples would include driving too fast, not fastening a 
seat belt, not wearing eye protection, not switching off the mains 
when repairing an electrical fault, or disabling a machine guard. 
Such behaviors all have perceived positive rewards, and generally 
the perceived risk of failure is remote, although the outcomes may 
be catastrophic. In recent years, many major companies have suc- 
cessfully instituted programs that create a general safety climate 
to combat this type of human failure. Such programs may require 
constant reinforcement to maintain an acceptable level of good 
behavior. 

A common approach to the safety problem is the “engineering 
approach,” which aspires to develop foolproof systems. A short- 
coming of this approach occurs when engineers fail to understand 
that users of their systems do not think as they do. Of course, engi- 
neers should aspire to build safe systems, but such designs should 
be human-centered in that they comprehend the many physical, 
cognitive, and behavioral causes of human failure. 

ANTHROPOLOGY OF WORK 
The anthropology of work is a topic of great interest to theoreti- 

cal ergonomists and those interested in the history of the subject. 
Managers, practitioners, and legislators may also benefit from a 
brief discussion of this macro view of the profession. Traditional 
work, as typified by agriculture, primary industry, and building, 
requires the human being to exert force to move materials. This 
work typically involves the selection or conditioning of people to 
perform tasks that require near maximal efforts. Such tasks are 
enhanced by the design of levers, wheels, ramps, and external power 
sources. However, a common characteristic of these traditional tasks 
is that the location and orientation of the handled objects are var- 
ied. In these high-demand tasks, typical injuries are acute in na- 
ture, commonly involving the back or shoulder. 
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Over the past 100 years, the use of external power has become 
the norm and individuals have filled the gaps between mechanized 
functions. One result of this mechanization and automation has 
been a reduction in the variability of shape and size of objects in a 
particular process. Another result is that many handling tasks have 
become machine paced. Parcel and luggage handling, warehouse 
operations, and retail checkout operation are typical of contempo- 
rary manual material handling tasks. Occupational hazards are now 
more likely to be cumulative in nature, with minor injuries exacer- 
bated by continued work. 

Traditional craft-type jobs involved the skillful use of tools to 
form and attach wooden and metal objects. Such jobs required 
greater use of the arms and hands for the control of relatively light 
objects. Although many such jobs still exist, the advent of more 
consistent forming machinery (sawing, casting, stamping, turning, 
etc.), together with conveyors, has increased the throughput of such 
operations. The result is that the requirement for precise manipu- 
lative skill has diminished and has been replaced by high-intensi- 
ty manipulation as typified by the Henry Ford production line and 
contemporary machining work cells. One result is that the amount 
of walking involved has been greatly reduced. The delicate and 
versatile control devices-the hands-have been relegated to highly 
repetitive, but still precise, work. The result is that individual mus- 
cle groups and motor units become overstressed due to insuffi- 
cient recovery. 

The most recent development in physical work is due to the 
meteoric expansion of computer applications. Presently, the typi- 
cal operator performs rapid, but similar, manipulations of some 
input device, such as a keyboard or mouse. Such devices typically 
confine the individual to a fixed sitting position with long-term 
static postures and reduced metabolic stimulation. The manual 
operations are also typically highly precise, similar, and repetitive, 
with the result that individual micro structures become over- 
stressed. 

The advent of formal ergonomics in recent years has focused, 
inappropriately, on the physical (spatial and force) rather than the 
temporal aspects of these material handling and manipulation 
tasks. The result is that physical work has become less varied and 
the injuries that were once acute, and often substantial, are now 
more likely to be chronic and less extreme. Thus, ergonomic disor- 
ders may indeed be the iatrogenic result of the misapplication of 
ergonomics. The medical profession is now faced with problems 
complicated by varied reporting thresholds, which may often be 
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affected by psychosocial (for example, boredom), rather that sim- 
ply physical factors. 

This somewhat brief and simplistic account of the trends in phys- 
ical work is offered to explain, in part, the role that engineering 
and ergonomics have played over the years to reduce, rather than 
optimize, physical stress. It is hoped that a more holistic view of 
employment will reverse these unfortunate (from the operator’s 
physical viewpoint) trends. 

REFERENCES 
Bernard, Bruce F! (ed.), NIOSH 1997. “Musculoskeletal Disorders and Workplace 
Factors,” U.S. Department of Health and Human Services, 1997. 
NIOSH 1994. “Backbelts: Do They Prevent Injury?” Cincinnati, OH: Department 
of Health and Human Services, 1994: 94-127. 
Snook S. H., and Ciriello V M. “The Design of Manual Handling Tasks: revised 
tables of maximum acceptable weights and forces,” Ergonomics Volume 36, No. 9, 

Waters, T. R., Putz-Anderson, V, Garg, A., and Fine, L. J. “Revised NIOSH Equation 
for the Design and Evaluation of Manual Lifting Tasks.” Ergonomics Volume 36, 

1991: 1197-1213. 

NO. 7,  1993: 749-776. 

BIBLIOGRAPHY 
Chaffin, Don B., and Gunnar, B. J. Andersson. “Occupational Biomechanics,” 2nd 
Edition. New York: John Wiley and Sons, 1991. 
Eastman Kodak Company. Ergonomic Design for People at Work,  Volumes 1 and 2. 
New York: Van Nostrand Reinhold, 1986. 
Gjessing, Christopher C., Schoenborn, Theodore F., and Cohen, Alexander. 
Participatory Ergonomic Interventions in Meatpacking Plants. Washington, DC: 
U.S. Department of Health and Human Services, 1994: 94-124. 
Helander, M., and Nagamachi, M. Design for Manufacturing. Bristol, PA Taylor 
and Francis, 1992. 
Kroemer, Karl, Kroemer, Henrike, and Kroemer-Elbert, Katrin. Ergonomics.  
Englewood Cliffs, NJ: Prentice Hall, 1994. 
Konz, Stephan. Work Design, 4th Edition. Scottsdale, AZ: Publishing Horizons, 1995. 
Lewis, H.W. Technological Risk .  New York: W.W. Norton and Co., 1990. 
Mital, Anil, and Karwowski, Waldemar. Workspace, Equipment,  a n d  Tool Design. 
New York: Elsevier Science, Inc., 1991. 
Mital, A., Nicholson A.S., and Ayoub, M.M. Manual  Materials Handling. Bristol, 
PA Taylor and Francis, 1993. 
Majchrzak, Ann. The H u m a n  Side of Factory Automation. San Francisco, CA Jossey- 
Bass Publishers, 1988. 
Peacock, Brian, and Kanvowski, Waldemar. Automotive Ergonomics. Bristol, PA 
Taylor and Francis, 1993. 
Putz-Anderson, Vern. Cumulative Trauma Disorders. Bristol, PA Taylor and Francis, 
1992. 
Salvendy, Gavriel. Handbook of H u m a n  Factors. New York: John Wiley and Sons, 
1987. 

464 



CHAPTER 26 

CORPORATE ERGONOMIC 
EFFORTS IN GERMANY 

Hans- Jorg Bullinger 
Professor and Head 
Fraunhofer Institute for Industrial Engineering (IAO), 
Stuttgart, and Head 
Institute for Human Factors and 
!l’echnology Management (IAT) 
University of Stuttgart, Germany 
Martin Braun 
Research Scientist 
Institute for Human Factors and 
Technology Management (IAT) 
University of Stuttgart, Germany 
Rainer Schopp 
Head Product Design 
Fraunhofer Institute for 
Industrial Engineering (IAO) 
Stuttgart, Germany 

EVOLUTION OF ERGONOMICS 
Ergonomics is considered a higher-ranking designation for the 

study of human work and the exploration of its regularities (Ro- 
hmert and Luczak 1989). The term humanfactors is virtually a syn- 
onym for ergonomics. According to Luczak et al. (1987), human 
factors engineering can be defined as a systematic approach to the 
analysis, order, and design of the technical, organizational, and 
social conditions of work processes. The scientific knowledge of 
ergonomics is translated into practice in the course of ergonomic 
work design. By adapting engineering and man to each other, er- 
gonomics, in its practical application, contributes to keeping the 
load imposed on the working man as balanced as possible. This is 
done by securing the highest possible economic benefit from the 
work system. 
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Initial ergonomics activities in Germany resulted from a grow- 
ing consciousness of human work in the early 19th century. How- 
ever, there were no major research activities in the field of 
ergonomics for decades. It was not until the foundation of the Re- 
ichsausschuss fur Arbeitsstudien (REFA) (Association for Work 
Studies) in 1924 that the systematic and institutional development 
of research activities in ergonomics started. There has been a 
marked increase in the number of research institutes represent- 
ing the ideas of ergonomics since about 1950. Now, it can be as- 
sumed that research and teaching are conducted in the field of 
ergonomics at nearly all technical universities in Germany. 

MOTIVES OF ERGONOMICS 
The reasons that lead to the application of measures for ergo- 

nomic design are manifold. Ultimately, credence must be given to 
the unstoppable development of technology, the constantly chang- 
ing market conditions, and the changes of values in society. Con- 
sequently, the measures for ergonomic work design are primarily 
determined by human, technical, and economic factors. 

ECONOMIC EFFICIENCY 
For work systems designed to fulfill a specific purpose, the eco- 

nomic efficiency will always be a high-ranking goal. An optimal 
proportion of expenditure and earning will be aimed at it. Ergo- 
nomic design can make a decisive contribution to the increase of 
the economic efficiency of a work system. This contribution is sub- 
stantiated by the following criteria: 

1. Reduction of social costs. Ergonomic design can contribute to 
the maintenance of health and well-being of people and, thus, 
to a reduction in the social costs to be borne by companies 
and society. 

2. Economic utilization. Ergonomic design can contribute to the 
economic utilization of human working power and, thus, to 
an increase in the effectiveness of the work system. 

3. Competitive advantages. In view of the sensitized conscious- 
ness of users and buyers, the ergonomic design of products 
can contribute to economic advantages. 

HUMANIZATION 
Due to a change in the values of society, it has been recognized 

in recent years that work systems must be designed to account for 
human needs in work performance. In the end, people alone cre- 
ate benefits within a work system, but they also claim these bene- 
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fits for themselves. With their work contribution, humans can ex- 
ert considerable influence on how a work system fulfills its eco- 
nomic purpose. Hence, the human factors must be considered as 
having the same weighting as technical and economic factors in 
the planning and operation of work systems. Conceptive ergonom- 
ic measures that conserve the well-being, health, and safety of the 
employed and promote their motivation, make a decisive contri- 
bution to human potential. 

NORMATIVE AND LEGAL ASPECTS 
Contents of ergonomic work design are traditionally regulated by 

laws, rules, and directives on a national level. The Works Council 
Constitution Act, the Safety at Work Act, the Place of Work Rules, 
regulations for the prevention of accidents, standards, and direc- 
tives of associations can be mentioned as examples. These legal di- 
rectives are supplemented by in-plant regulations from case to case. 

New laws and rules came into force with the completion of the 
European Community internal market in 1993, and made more 
exacting requirements on the ergonomic design of workplaces and 
technical products. Article 100a (Internal Market Directive) and 
Article 188a (Social Welfare Provisions) of the “European Econom- 
ic Community (EEC) Treaty according to the Single European Act” 
will create an enforceable standard of health and security in the 
future. Consequently, those engaged in development, manufacture, 
and trade will bear the full responsibility for the human-oriented 
design of their products. The law of the European Community must 
be transformed into the German law and its observance enforced. 
The structure of the European work and health protection direc- 
tive is shown in Figure 26-1. 

SOCIODEMOGRAPHIC DEVELOPMENT 
Apart from technological innovations and new production and 

service concepts, corporate planning activities for the future must 
also include expected changes in the composition of staff mem- 
bers (Bullinger et al. 1993). According to the demographic and so- 
cioeconomic change expected in the coming decades, the age and 
social structures of the gainfully employed will change in line with 
developments in the population structure of the Federal Republic 
of Germany. Consequently, there will be more older persons em- 
ployed in the future (Figure 26-2). The amount of employed per- 
sons with higher-value professional training, who perform jobs of 
accordingly higher qualification, will increase; whereas, the share 
of positions requiring lower qualification will decrease. Moreover, 
the share of those engaged in the service sector will increase in the 
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I nterna I Market Directives I Article 1 OOa EEC Treaty I Article 1 180 EEC Treaty 

Objectives: 
Harmonization within the EU 
Dismantling of trade barriers 

Exa m ples: 
Directives on the condition of 
products, for example, 
machinery 

Realization: 
Binding standards, realization 
without any deviations below 
or above 

0 bjectives: 
Harmonization within the EU 
Improvement of safety and 
health protection for workers 

Examples: 
Directives for safety and 
health protection at work 

Outline directive 
89/391 /EEC 
12 individual directives 

Realization: 
Minimum requirements, 
deviations over higher-level 
standards are permissible 

Figure 26- I Structure of European Union’s (EU) Work and Health Protection Directive. 

future, while the share of those in production will decrease (Klaud- 
er 1993). 

In view of these future developments, work processes and equip- 
ment will have to be designed by conceptive and preventive mea- 
sures so that employees will have the possibility of qualified and 
productive working until they reach their pensionable age. This is 
where ergonomics can make valuable contributions in the field of 
age-appropriate work and technology design-by creating reason- 
able job standards. 

INSTITUTIONS INVOLVED IN ERGONOMICS 
Ergonomics in Germany has evolved through the natural and 

engineering sciences and has manifested itself in application-re- 
lated research (Rohmert and Luczak 1989). Current ergonomics 
practice can be classified into a technical-economic discipline, a 
medical-physiological discipline, and a psychological discipline. 
Ergonomic research and application activities can be found in the 
university sector, at public and private institutions, in associations, 
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and in industry. There is an intensive exchange of knowledge and 
experience among the various institutions. Examples of authorita- 
tive institutions and bodies of ergonomic research and develop- 
ment follow. Institutions that regulate, promote, and supervise the 
application of ergonomics knowledge are not discussed. 

P UBLlC INSTITUTIONS AND PROGRAMS 

Bundesanstalt fur Arbeitsschutz und Arbeitsmedizin (BAuA) 
As a central public law institution in the field of ergonomics, the 

Bundesanstalt fur Arbeitsschutz und Arbeitsmedizin, Federal 
Employment Protection Office, with its registered office in Dort- 
mund, is directly subordinate to the Federal Ministry of Labor and 
Social Affairs. The task of the BAuA is to support the Federal Min- 
istry in the field of work environment and health protection, for 
which this office maintains numerous cooperation relations with 
other institutions. Under its public mandate, the BAuA analyzes 
the job conditions in companies and administrative authorities. It 
develops solutions to problems and promotes the practical appli- 
cation of scientific knowledge by organizing appropriate informa- 
tion and training events, and by means of various publications. 
Moreover, it participates in developing standards. 
Humanisierung des Arbeitslebens Action Program 

The ergonomics efforts made in Germany have been integrated 
in a comprehensive state action program, Humanisierung des Ar- 
beitslebens (Humanization of Working Life), since the beginning 
of the 1970s. In its early years, this program ranked high in the 
catalog of goals of political decisions, which, among other things, 
brought about a research program, Arbeit und Technik (Work and 
Technology), by the federal government. It also helped establish 
respective goals in different collective agreements (EKD 1990). The 
subject matter is still of great importance, even though the essen- 
tial goals of the action program have been reached. 

SCIENCE AND RESEARCH INSTITUTIONS 

Universities 
The growing importance of ergonomics within recent decades 

also has been accounted for at universities. At the present time, 
ergonomics is represented at numerous German universities that 
offer programs in research and teaching. Human factors teaching 
and specialized subjects extend to the engineering and economic 
sciences, industrial medicine, physiology, psychology, sociology, and 
vocational education. Due to the wide variety of disciplines involved 
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in these allied subjects, university education proves to be hetero- 
geneous (Luczak et al. 1987). 

Fraunhofer- Gesellschaft 
Fraunhofer-Gesellschaft (FhG) is a leading organization for ap- 

plied research in Germany. Founded in 1949, it has 46 research in- 
stitutes. Its activities include applications such as engineering and 
process studies, work and product design, as well as information 
and communications technologies. Some institutes of the FhG are 
engaged in the research, planning, and development of human- 
oriented structures for production and office areas under the 
premise of ergonomic design. The target groups of the FhG are 
industry and public institutions that conduct research projects of 
interest to society. 

Gesellschaft f i r  Arbeitswissenschaft 
The Gesellschaft fur Arbeitswissenschaft (GfA) was founded in 

1953, and took its place among other national scientific societies in 
Germany. This human factors society sees itself as a scientific asso- 
ciation primarily concerned with issues of education and research 
in human factors and ergonomics. The goal of the society is the in- 
terdisciplinary exchange of views for promoting scientific work. The 
GfA is a member of the International Ergonomics Association. 
REFA-Verband fur Arbeitsstudien und Betriebsorganisation 

The Verband fur Arbeitsstudien und Betriebsorganisation (As- 
sociation for Work Studies and Plant Organization) is not engaged 
in research activities, but commits itself intensively to transform- 
ing ergonomics knowledge into practice. The base-oriented orga- 
nizational structure of this association guarantees close contact with 
practicians in the production and service sectors. The REFA asso- 
ciation has several training facilities, including working manufac- 
turing facilities. 

Industry and Service Sector 
Nearly all large German industrial and business companies have 

facilities engaged in the research and application of ergonomics. 
The coexistence of scientific and applied research facilities lies in 
the different research concentrations and application needs. Prac- 
titioners locate deficits of scientific knowledge through practica- 
ble and economical methods of analysis, planning, and design in 
the field of physiology of effort, information technology and men- 
tal job design, and personnel deployment (Rohmert and Luczak 
1989). This divergence requires the establishment of company-spe- 
cific research facilities and, in the end, leads to a balanced and 
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productive synthesis of scientific and application-oriented activi- 
ties within the field of ergonomics. The primary task of the compa- 
ny-internal facilities is to identify ergonomic deficits relevant to 
the company, develop design solutions, and apply them to in-plant 
practice. 

Apart from academic and industrial research facilities, there are 
numerous small and medium-size engineering and consultant of- 
fices in the service sector engaged in the field of knowledge trans- 
fer, planning, design, implementation, and testing of work systems 
and consumer products based on ergonomics criteria. 

ERGONOMIC DESIGN 

GOALS 
The main purpose of ergonomics is design. Design activities aim 

to adapt systems, organizations, jobs, machines, products, and en- 
vironments to human physical and mental abilities. This improves 
work conditions and promotes productivity. Systems should be 
designed so that they are easy to use, and contribute to a balanced 
work load. One way to make a system function is by matching the 
people to the system by training or education. 

In recent years, there has been a worldwide paradigm shift in 
economics. This is seen in the globalization of production and trade 
markets, in broader market awareness through modern informa- 
tion and communication technology, and in increased customer 
focus. To meet growing customer demand for quality and perfor- 
mance, and to preserve Germany’s competiteveness, some indus- 
tries implemented a process of ongoing innovation and rationalism. 
Nevertheless, people, the actual performers, retain their key posi- 
tions despite automated production. By designing and implement- 
ing innovative ergonomic production structures, companies can 
meet the future market challenges. 

APPLICATIONS 
Main applications of ergonomics are safety, work load assessment, 

industrial engineering, human-computer interaction, as well as an- 
thropometry, biomechanics, physiology, and psychology. In indus- 
trial practice, ergonomics activities are seen in job design, workplace 
and equipment design, and the design of consumer products. 

As a result of increased automation in production systems, work- 
ers are subjected to changed load situations. Much physical labor 
in manufacturing has been replaced by material handling aids and 
mechanical processes. Physical work has been greatly reduced in 
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Germany. On the other hand, the introduction of computers in the 
workplace-manufacturing as well as office-has led to raised de- 
mands for human information processing within highly complex 
systems. And since workers are increasingly confronted with psy- 
chomental loads, suitable measures of ergonomic job design are 
intended to contribute to a balanced stress and strain situation. 
Organizational strategies are applied covering not only work pro- 
cess and job design, but also qualification and human resource 
management, working time design, and remuneration. 

Due to raised consciousness of possible damage of one-sided 
work, an ergonomically responsible human behavior is gaining 
importance. Under behavior ergonomics, placed within the con- 
text of job design, human behavior patterns are investigated. Find- 
ings help avoid ineffective and injurious patterns. 

Regarding workplaces, ergonomic measures primarily concern 
anthropometric and biomechanic design. Also considered are such 
environmental factors as lighting, climate, sound, and pollutants. 
Workplace and environmental design include office workplaces; 
visual display unit workplaces; assembly workplaces; workplaces 
for control, checking, and supervision; drivers’ workplaces in road 
and rail vehicles, ships, aircraft, and building machines; workplaces 
in the health care sector; and workplaces in the household. Ergo- 
nomics affects the design of equipment and consumer products 
primarily in the man-machine interface. It thus comprises the ac- 
tivity-oriented design of hand-sided handles, steering elements, 
controls, and displays. Product design applications can be seen in 
such items as machine tools, hand tools, medical apparatus, mea- 
suring instruments, controls and inspection means, seating furni- 
ture, means of transport, leisure time and sports outfitting, and 
vehicle components. The design of software is also an example. 

A major reason for ergonomically designed workplaces is to help 
minimize high absenteeism-and its accompanying financial loss- 
es-stemming from disabilities sustained in poorly designed work 
areas. Figure 26-3 shows that physically straining working condi- 
tions are still widespread in Germany, despite relief introduced by 
automation measures. In the future, ergonomics will play an even 
greater role in human-oriented work system design. 

DESIGN REQUIREMENTS AND METHODS 
Due to the public’s high quality awareness, the design of prod- 

ucts and workplaces has to meet a great number of functional, eco- 
logic, and economic requirements. Apart from technical criteria, 

473 



30 

25 

20 - s 
$ 15 
tf 

Y 

* 

2 
10 

5 

0 

25% 
23% 

21% 
20% 

15% 

I 
Work under Lifting and I Workunderthe I Work with oil, ' Work in a bended, I 

the influence carrying of influence of cold, grease, dirt, or squatted, kneeling, 
of noise heavy loads wetness, heat, filth or lying position 

humidity, or draft 
* Multiple nominations possible 

Figure 26-3 Physically-straining work conditions in West Germany (€KD 7 990). 



Corporate Ergonomic Efforts in Germany 

an integrative ergonomic design of equipment and workplaces must 
include such factors as safety and esthetics. 

Each set of ergonomic design tasks must incorporate methodi- 
cal approaches, adequate tools, and experience. Commonly, ergo- 
nomic design happens within the scope of a superior socio- 
technological system design, in which the following steps have 
proven successful: 

Target and definition of the design task; 
Analysis of the object to be designed; 
Development of alternative design solutions; 
Evaluation and selection of design alternatives; 
Realization of the selected design solution; and 
Evaluation and implementation. 

For the realization of ergonomic design measures, a variety of 
standardized and non-standardized methods exists. They can be 
divided into data survey, analysis, design development, and evalu- 
ation. Figure 26-4 shows a set of anthropometric design methods. 

Traditionally, ergonomic design has an application-oriented en- 
gineering background, therefore, often using objective methods 
like measuring, counting, or calculating. Now, resulting from in- 
terdisciplinary approaches, objective methods are supplemented 
by subjective methods of a sociological background like observ- 
ing, questionnaires, and scenario techniques. 

Current information technology provides a wide range of com- 
puter-based tools and methods for ergonomic design within all 
application fields. These systems often show the development of 
manual design methods. Data-based and human-model oriented 
systems are used for analysis, development, and evaluation in the 
application fields of anthropometry, biomechanics, and interface 
design. Merits of current computer-based design tools include high 
performance and user-friendliness. Latest research activities in- 
tend to combine virtual reality techniques with methods of ergo- 
nomic design, for gaining a most efficient approach to complex 
design tasks. 

EXAMPLES OF ERGONOMIC DESIGN 
The following design cases are used as examples for demonstrat- 

ing the requirements and dimensions in ergonomic design. In so 
doing, it becomes obvious that a design process-in line with the 
complex problems inherent in humans and work-is dependent 
on many varied factors, with technical, physical, formal-esthetical, 
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and ecological design criteria considerations in addition to ergo- 
nomic design criteria. 

Hand Drill 
Tools can be designed as either hand-side (facing the user) or 

work-side (serving the work). The hand-side, as interface to the 
user, is of greater importance for the ergonomic design of work 
equipment than the work side (Bullinger 1994). 

The design of a hand drill is, above all, intended to improve the 
general handling of the tool for holding and guiding. A reduction 
in the total weight and tilting moment, by displacing the tool's cen- 
ter of gravity near the handle or by arranging a supporting handle, 
make a marked improvement in the handling conditions. 

By its arrangement and shape, the handle of the hand drill makes 
possible the manual exertion of high-feed forces, damping devel- 
oping reaction forces and torques at the same time. In so doing, 
the feed force is favorably generated by positive power transmis- 
sion. The dimensional design of the handle and controls is orient- 
ed at the anthropometric and physiological properties of the 
hand-arm system. 

The assignment of motion aims for the best possible agreement 
between the functional direction of a tool and the anatomically fa- 
vorable movements of the worker. The kinematics of anatomically 
correct modes of movement favor the exertion of force and prevent 
forced motions and postures. Figure 26-5 shows the correct and in- 
correct assignments of motion for a hand drill. By placing the han- 
dle in the rear motor region, the direction of force will be in alignment 
with the functional direction resulting from the drilling axis. 

Circular Grinding Machine 
Hand tools and machine tools can only be used for their intended 

purposes if their respective total and part dimensions are adapted 
to the body dimensions of users. The dimensioning of work equip- 
ment and arranging of manipulation places, controls, and indica- 
tors must be oriented at the action and functional spaces of all users 
and their posture and position. As early as the design phase of ma- 
chine tools, length dimensions and force-related dimensioning must 
be aimed at minimizing muscular strains by avoiding physiologi- 
cally unfavorable forced postures and static holding work. 

Circular grinding machines are used for external, internal, and 
contour grinding of turned parts. During the tool change opera- 
tion, the operator stands by the front door of the grinding machine. 
The dressing tool mounting screws to be loosened are not directly 
visible from where the machine operator stands and are accessible 
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only from the grinding wheel side. Figure 26-6 shows that a small 
operator can look at the screw points only if standing on tiptoe and 
bending far across the spindlestock. The strains resulting from this 
physiologically unfavorable posture are intensified in that the op- 
erator knocks against the water duct with his knee and is prevent- 
ed from fully approaching the machine bed. 

In a redesign of the machine, the front door became a multipart 
sliding door, with the spindlestock accessible directly from the front. 
A new mounting module with overhead screw points was conceived 
for the dressing tool, permitting direct visibility and tool change in 
an upright posture. Reduced width of the water duct near the front 
door and a foot entrance space allowed the operator to fully ap- 
proach the machine bed. 

Grinding Workplace 
A large number of workers absent due to sickness from an un- 

balanced strain situation motivated the corrective ergonomic re- 
design of a grinding workplace. Women were exclusively working 
at this workplace in two shifts. 

The grinding workplace is used for chamfering cutting tip in- 
serts. In its initial condition, it consists of a work table not adjust- 
able in height, with a carrier stand comprising a functionally 
self-contained grinding unit, including a grinding spindle, spindle 
bearing housing, and a drive. The workplace has a table surface 
that is not sufficiently dimensioned for the various work and trans- 
port operations or material storage. In addition, there are various 
material feeding, buffering, and auxiliary devices, one work chair, 
and one foot rest. 

The constructively determined arrangement of the grinding unit 
beneath the tabletop and the restriction of the legroom associated 
with it, leads to distinct forced postures for the operators. In addi- 
tion, a floor bar obstructs moving the chair under the tabletop, in- 
tensifying the effect of the forced posture. Further strains are 
compressions on the upper sides of the thighs, and hand and arm 
contact with hard, metallic edges. The foot rest is either used im- 
properly or not at all. This situation leads to great discomfort and 
an increased risk of musculoskeletal diseases for the workers. Fig- 
ure 26-7 shows the typical postures encountered in the initial con- 
dition of the grinding workplace. 

A mandatory constructive requirement made on the redesign 
of the grinding workplace was not to modify the grinding unit. 
An analysis of various grinding unit positions revealed that only 
the arrangement of the spindle bearing housing in the legroom 
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between the knees could meet this requirement without any forced 
postures dangerous to health. This made it possible for the con- 
structive modifications in the arrangement of the grinding unit to 
be restricted to the carrier stand. Nevertheless, such a redesign of 
the grinding workplace was only a compromise. By ensuring an 
optimal posture, and accounting for the flexibility of the sitting 
posture, there is no doubt that the new design reduced the forced 
postures. However, the women working at these workplaces must 
continuously sit with both legs wide apart, and this must be rated 
critically regarding acceptance and reasonableness. For reasons of 
visual protection, the work table is enclosed at its rear and on its 
sides, providing protection from draught at the same time. Figure 
26-8 shows the basic posture when working at the redesigned grind- 
ing workplace. 

Apart from the modification of the carrier stand, the corrective 
design measures comprise a completely new table construction, 
including a larger tabletop with adequate working and stacking 
surfaces. The table, manufactured from aluminum sections, is not 
height-adjustable, therefore, a height-adjustable foot rest and a 
height-adjustable upholstered work chair are used. For supporting 
the hand-arm system for fine-motor activities, the workplace has 
two upholstered armrests arranged along the front edge of the ta- 
ble. In addition, the bottom end of the grinding spindle and drive 
belt is protected by an enclosure. All contact surfaces of the legs 
are upholstered to provide protection against striking and touch- 
ing cold metallic surfaces. The workplace is made complete by 
appropriate auxiliary devices, lighting equipment, energy supply 
equipment, and lockers for personal belongings. Figure 26-9 shows 
the corrective redesign of the working surface. 

SUMMARY 
Ergonomics activities in Germany are founded on long tradi- 

tion, although their scientific and practical importance did not grow 
until about 1950. In the course of ergonomic design, scientific 
knowledge of ergonomics is translated into practice. 

Current motives for ergonomic design activities include econom- 
ic, humane, legal, and sociodemographic factors. In view of the 
growing relevance of these factors, increasing importance of ergo- 
nomics can be expected. 

Research activities in ergonomics can be found at numerous 
public and private institutions. Such activities are conducted by 
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Figure 26-8 Basic posture when working at the redesigned grinding workplace with 
the grinding unit in its original position. 

university facilities, the research facilities of industry and econo- 
my, and in the widespread service sector. Applications of ergonom- 
ic design invariably concern all kinds of companies and sectors. 
Job design, as well as workplace, equipment, and consumer prod- 
uct design constitute essential fields of application. 
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Figure 26-9 Corrective design of the working surface. 
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There is a long-held tradition in Sweden and the other Scandi- 
navian countries of taking into account the well-being of the work 
force. During the 17th and 18th centuries, forestry, mining, and 
metal production were expanding. Because of the small popula- 
tion, there was, and is now, a shortage of workers. So, the consider- 
ation of worker well-being not only came from respect for people, 
but also from economic realism. 

The character of work tasks in raw material production (wood 
and iron) emphasized the focus on physical working conditions, 
which is also reflected in the Swedish definition of ergonomics, 
which is “a cross-disciplinary research and application field deal- 
ing with integrated knowledge about human characteristics and 
needs in the interaction between humans, technology, and envi- 
ronment when designing technical components and work systems.” 

Historical and cultural factors have been of great importance 
for the adoption and development of the sociotechnical tradition. 
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The relatively good collaborative climate between management and 
workers has been one important element for what is often referred 
to as the “Swedish model.” The unions and the employers’ associ- 
ation play a dominant role. Participative, semiautonomous work 
groups, decentralized decisions, and collaborative efforts for change 
have become dominant ways of industrial development. Only a 
small minority of the labor force has chosen not to become union 
members. Ergonomics and work environment issues have been 
very important issues in the discussions between the parties in 
the labor market, both centrally and locally. Today, organization is 
seen as an important means to obtain improvements in ergonom- 
ics and physical work conditions. 

STRATEGIES ON THE NATIONAL LEVEL 
An issue debated during the preparation for Sweden’s Work En- 

vironment Act of 1978 was whether research findings could pro- 
vide a basis for any regulations applicable to organizational and 
psychosocial conditions of work. In the final instance, very little 
space was allocated to such matters, which prompted considerable 
disappointment in many quarters. The reaction of the labor unions 
was especially negative. It was at their prompting that greater at- 
tention came to be paid to the area of work organization, giving 
rise to a number of specific recommendations. One was to arrange 
further training for persons employed in the occupational health 
services (physicians, nurses, safety and hygiene engineers, phys- 
iotherapists, and occupational health psychologists). This was sup- 
ported and implemented by experienced researchers at the 
Research Department of Sweden’s National Board of Occupation- 
al Safety and Health in 1978. At that time, a decentralized occupa- 
tional safety and health organization was built up in Sweden. Larger 
companies employed their own, smaller and middle-sized enter- 
prises that jointly formed an occupational health services center. 
Financing came partly through the owner companies and partly 
from state subsidies. 

The year 1993 became a turning point. It was decided that a sig- 
nificant amendment should be made to Sweden’s Work Environ- 
ment Act. Formal responsibility for the work environment was 
transferred from the Occupational Health and Safety Committees 
(where both employer and employees are represented) to the com- 
panies and their managers. This inevitably required greater atten- 
tion to the views and problems of managerial staff. The interests 
of management had to be met with more respect, while the physi- 
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cal health and mental well-being of employees could not be ne- 
glected. The Occupational Health Services (OHS) no longer had 
the occupational health and safety committees as channels through 
which the company could be accessed. 

A second (and dramatic) change was the removal of government 
financial support for OHS. The major and rapid expansion of OHS 
initiated and funded by the Social Democratic government during 
the 70s and 80s came to a halt. The benefits of the services were 
disputed, as was the need for a state-subsidized system. OHS was 
included in a general austerity program. The idea was that the need 
for OHS would be demonstrated by its capacity to survive in a sup- 
ply and demand context. 

A further dramatic change (especially for Sweden) was the rapid- 
ly increasing rate of unemployment. This had a multifaceted back- 
ground, with many of the factors operating in the same direction: 

Attempts to reduce public-sector expenditure and, thereby, 
staffing levels; 
Efforts to increase productivity throughout the economy us- 
ing ultramodern technology, which does not seem to increase 
the demand for labor; 
Substantial reductions in taxation, which may have given cit- 
izens greater individual freedom, but did not seem to have 
markedly affected employment opportunities; and 
Increased competition from other countries. 

The OHS professionals became suddenly confronted with a pre- 
viously inconceivable task: helping managers make personnel as 
dispensable as humanely possible. Managers, who are now the com- 
mercial clients of OHS, make no clear distinction between prob- 
lems involving the development of a good and healthy work 
environment and those psychosomatic and psychosocial problems 
arising from personnel reduction. 

INTERNAL CONTROL 
As the role of the OHS became steadily weaker, strong efforts were 

put into developing and improving the regulation systems. A recent 
example of those efforts is a new ordinance on rehabilitation (July 
1994). The employer now needs to be attentive to the needs for reha- 
bilitation, take the necessary measures to satisfy the employees in 
this regard, and give financial support to these measures. 

Another recent example is the ordinance on internal control of 
the working environment. This ordinance lays down special re- 
quirements concerning the manager’s way of planning, directing, 
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and following up on activities from a work environment viewpoint. 
The ordinance applies to all employers, whatever the size of the 
enterprise. Among other things, it mandates that employers have 
a work environment policy, action plans, a clear allocation of du- 
ties, and routines for mapping out risks and investigating accidents 
and ill-health (Statute Book of the Swedish National Board of Oc- 
cupational Safety and Health Ordinance 1992). The Swedish Em- 
ployers’ Association has compiled complementary handbooks and 
guidelines for managing internal control procedures. To facilitate 
the implementation of internal control for small enterprises, the 
Swedish Institute of Production Engineering Research has pub- 
lished a manual. A ten-point system offers a step-wise procedure 
to be followed by a team consisting of the chief executive, produc- 
tion manager, personnel manager, and safety representative (see 
Table 27-1). 

Useful tools for internal control are also being developed by re- 
searchers and research and development (R&D) experts, especial- 
ly to support the management of companies where the demands 
on safety control are extremely high. Examples of this can be found 
in process industries, in the Swedish nuclear power companies, 
and where the near-accidents and risk patterns have not been 
mapped out particularly well, as in highly automated production 
at manufacturing companies (Backstrom and Doos 1996). The in- 
ternal control procedure is usually participative in that manager, 
supervisor, operator, and production engineer are all involved in 
the assessments. 
IMPACT OF THE SWEDISH FOUNDATION OF WORK LIFE 

Many companies interested in ergonomic and organizational im- 
provements apply for financial support from the Swedish Founda- 
tion of Work Life. This national foundation was established at the 
end of the 80s to support technological and managerial innovations 
and rehabilitation activities initiated by employers. Its financial ba- 
sis came from a temporary six-month fee of 1.5% of the salary from 
all employees in Sweden, a fee originally imposed by the govern- 
ment to slow the rate of inflation. In total, $1.5 million were spent on 
projects in different regions of Sweden. The funds, intended only 
for practical improvements, were mainly distributed to workplaces 
seeking grants for implementation of programs related to changing 
work conditions. The financial support made up, on average, one 
third of the companies’ actual costs. Almost 25,000 workplace pro- 
grams (of which 75% were in the private sector) received grants and, 
at the end of the period, more than 12,000 minor contributions were 
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Table 27-1. The ten-points yearly program for managers of small enterprises* 

1. Identify deficiencies and define concrete goals and 
measures for improvement. 

2. Specify operational procedures for time budgeting, 
decision making, documentation, information activities, 
rehabilitation, and risk management. 

means, goals, and outcomes aimed at the current year; 
decide criteria for effect evaluation. 

3. Work out a systematic action plan containing targets, 

4. Who will be in charge of what? Find a suitable 
distribution of the tasks and duties to be carried out. 

5. Register near-accidents and accidents and where they 
have occurred in the plant. Also list the occupational 
injuries (small as well as severe) and in what way they 
were related to work. 

apparent security and safety problems. Infer correspond- 
ing elements in the regular introduction program of the 
plant and/or in further training if it proves necessary. 

7. Make an annual survey of absenteeism, turnover, and 
accidents in the plant to explore positive and/or 
negative trends. If necessary, try to find measures to 
turn the situation in a positive direction. 

6. Trace if lack of knowledge and training contributed to 

8. Compare the current action plan with those from 
previous years to find out if there are any measures 
that should be followed up or re-evaluated. 

9. If some workstations should be given special attention 
due to risks or problems with work and/or machine 
design, take time to carry out a workplace analysis (on 
a single operations level concerning the kind of risks, 
protective devices, safety routines) to be able to sug- 
gest adequate measures for improvement. 

0. Collect and study the national ordinances and 
recommendations relevant to the kind of production 
in your company. 

Corresponding to 
NBOSH 1992:6 

paragraphs 

5 and 6 

7 

7 

8 

12 

9and  10 

12 and1 3 

13 

11 and 12 

*Source: Swedish Institute of Production Engineering Research (1 993). Publication no. 
92831, 2nd Edition (free interpretation). (Based on National Board of Occupational Safety 
and Health [NBOSH] ordinance 1992:6--lnternal Control of the Work Environment.) 
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used for disseminating knowledge and experience among compa- 
nies. One fifth of them concerned traditional ergonomic efforts, 
another fifth rehabilitation, and slightly more than 50% aimed at 
changes to improve overall efficiency of the work organization. The 
smaller private enterprises (fewer than 50 employees) received 
about three times more money per employee than did the larger 
companies. 

In 1995, before this program was terminated, a number of evalu- 
ations were carried out by Swedish researchers. The most exten- 
sive of these consisted of 1,200 projects on efforts to improve work 
organization (Gustavsen et al. 1996). This nationwide program has 
had a long-term effect on managers’ awareness of keeping ergo- 
nomic standards as high as possible. 

ERGONOMICS AS A PROFESSIONAL FIELD 
OHS revealed the need for an improved level of personnel edu- 

cation and training, demonstrated by a substantial number of OHS 
employees becoming registered as European Ergonomists. Also, 
there is now a tendency for more academics to be involved. Swe- 
den started a national registration of ergonomists in the early 199Os, 
but it has now joined the criteria agreed by the Center for Regis- 
tration of European Ergonomists (CREE), which also includes a 
code of conduct. Recently, several one-year academic educational 
programs in ergonomics have been created, based on the CREE 
criteria. 

The number of researchers in the field of ergonomics graduat- 
ing from Swedish universities is continually increasing. More er- 
gonomists are getting prominent jobs in industry or are becoming 
consultants. They deal with production, product design, and man- 
agement of ergonomic change programs. In recent years, leading 
Swedish industries have strongly emphasized ergonomics in the 
design of their products and created or strengthened the broad 
competence of ergonomics groups. These groups focus on strate- 
gic issues of product development and service tasks, partly due to 
the customer focus of the companies. Thus, the ergonomics pro- 
fession is going through a time of increased professionalism and 
recognition. 

ERGONOMIC EQUIPMENT FOR INDUSTRIAL PRODUCTION 
Swedish products have long been characterized by quality, er- 

gonomics, functional design, and safety. Such products include 
Atlas Copco tools, Bacho hand tools, BT fork lift trucks, Husqvar- 
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na chain saws, Hornell welding visors, and, of course, cars and 
trucks from Volvo, Saab, and Scania. 

Earlier, company strategy was often to price standard products lower 
than products with improved ergonomic features. Ergonomic features 
were often added to the standard product at a later stage, which in- 
creased both costs and the number of variants in production. 

A new trend can be seen where several companies have inverted 
the philosophy. New products are now designed with ergonomics 
integrated from the beginning. The new ergonomic product is the 
volume product and manufactured in large numbers, which often 
reduces costs and increases competitiveness in the marketplace. 
The old nonergonomic standard solutions can be offered to cus- 
tomers who prefer them. However, some companies have increased 
the price, even to a level above the cost for the new ergonomic 
volume product, to avoid a pricing policy that counteracts the new 
strategy. 

Substantial R&D efforts have been directed toward improving 
the design of products and equipment for use in production. One 
example is hand tools. A conceptual model of influences in hand 
tool use has been developed by Sperling and collaborators (Sper- 
ling et al. 1993) (see Figure 27-1). 

For evaluating hand tool work, a cube model considering force, 
precision, and time has been developed (Sperling et al. 1993) (see 
Figure 27-2). This model is readily applicable, and emphasizes sev- 
eral important influences on the ergonomic situation. In another 
version of this cube model, the variable “precision” has been 
changed to “work posture,” which may be more relevant in certain 
applications. Finally, this model is one example of how the field of 
ergonomics is expanding in Sweden and how the number of fac- 
tors for consideration in creating good working conditions is in- 
creasing. 

The need to integrate ergonomics, not only in product develop- 
ment and workplace design, but also in manufacturing strategies, 
is being recognized more and more today. Ergonomic implementa- 
tions that aim at far-reaching improvements in working conditions 
and overall productivity need to be integrated into an organiza- 
tional context (Winkel and Westgaard 1996). 

CASES FROM THE MANUFACTURING AND SERVICE INDUSTRIES 
Today, virtually all large Swedish companies have introduced 

team organization on a broad scale. The motive for establishing 
work forms that enhance the personnel’s all-around development, 
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Figure 27-  7 A model of influences affecting hand tool usage (Sperling et al. 7 993). 
(Reprinted with permission from "Applied hgonomics," 7 993:24(3), Butterworth- 
Heinemann.) 
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The positional tolerance is .039-.197 in. (1 -5 mm), 
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Positional tolerance is greater than .197 in. (5 mm), 
and/or the force tolerance is greater than 10% 

The hand tool (or a combination of similar hand tools) is 
used for more than 4 hours spread over the day, or 
concentratedly for more than 30 minutes, sustained or 
repetitively 
The hand tool is used for more than 1 hour, but less 
than 4 hours spread over the day, or concentratedly for 
10-30 minutes, sustained or repetitively 
The hand tool is used for less than 1 hour spread over 
the day, or concentratedly for less than 10 minutes, 
sustained or repetitively 

Figure 27-2 The cube model and proposed limits for acceptable and unacceptable work with hand tools. White subcubes = acceptable, grey 
subcubes =situations that must be investigated further, and black subcubes = unacceptable. L-low, M-medium, H-high (Sperling et al. 7 993). 
(Reprinted with permission from “Applied Ergonomics,” 7 993:24(3), Butterworth-Heinemann.) 
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stem not only from work environment and ergonomic issues, but 
also from company strategic issues (Gabrielsson 1996). Following 
are some examples of companies that have particularly inspired 
and accelerated the development of new models for industrial work. 

THE CASE OF ABB 
In 1990, the management of ABB Sweden initiated a corporate- 

wide customer focus program named T50. This program is the most 
well known in Sweden, and has offered inspiration and ideas to 
many other Swedish firms. The objective of the program was to 
satisfy customers and motivate employees. The means to reach 
these goals was primarily by exacting time objectives, that is, all 
lead-times within ABB Sweden were to be halved by 1993 at the 
latest. This, management considered, could only be achieved 
through continuous decentralization of responsibilities and pow- 
er, which, in turn, required a focus on personnel skills develop- 
ment so as to create increasingly independent and multi-skilled 
employees. 

Management focused on lead time since it is closely related to 
quality, productivity, and profitability and is easily understood and 
communicated. Since the program was launched, the T50 concept 
has been refined. From a focus on time only, the program was de- 
veloped to use a more complete “tool box.” The vision of T50 was a 
program with a beginning, but no end. 
Creating the T50 Program 

At the outset in 1990, ABB Sweden arranged two awareness 
meetings attended by 400 company executives and union repre- 
sentatives. The purpose was to initiate a transformation process 
and mark the starting point of the T50 program. Highlighted were 
such problems as the increase in costs without any corresponding 
increase in productivity, the high turnover of personnel, absentee- 
ism, and the difficulties experienced in recruiting young people to 
industrial work. 

The awareness meetings were then repeated, thus reaching 2,000 
managers and supervisors. Later, various other management sem- 
inars were held. Information activities were aimed at employees in 
Purchasing, Quality, Personnel, Marketing Communication, Sales, 
and R&D. Each group’s specific role in the T50 program was ex- 
plained. 

The T50 program involves all ABB-companies, including manu- 
facturing companies with short-order cycles and fairly standard- 
ized products, as well as project-oriented organizations with order 
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cycles of several years, involving a large number of suppliers. Com- 
mon features considered necessary for success were: commitment 
and involvement from top management; an engaging vision; clear 
objectives; a widespread sense of urgency (awareness of the need 
to improve); communication of the vision and objectives; training 
program and qualified support; feeling of ownership by those most 
affected by the change program; order of the process-“top down- 
bottom up”; and integration with key suppliers and supply man- 
agement. 

Each company was to assign one member of the senior manage- 
ment team as the person responsible for T50. This person also would 
be the liaison officer between the company and the central T50 
team. Every third month, the T50 team arranged a one-day semi- 
nar for those in charge to facilitate an exchange of experience. f i r -  
ther, it was recommended that the strategic plans should reflect 
the potential of the T50 program, and the budget for the coming 
year should include costs and revenues related to the program. 
T50 was also placed permanently on the agenda of company board 
meetings. 

The T50 program was primarily based on a massive information 
campaign on both the corporate and company level, appropriate 
training programs, and several company-run projects in a pilot or 
full-scale format. The different projects had to be centrally autho- 
rized to be recognized as T50 projects. The ABB companies could 
also apply to become T50 companies. For authorization, certain 
requirements had to be fulfilled, as shown in Table 27-2. 

Target- oriented Teams 
T50 projects often included the formation of target-oriented 

teams, and ABB Sweden had more than 1,000 of them by 1994. The 
use of target-oriented teams implied a need to develop team mem- 
bers, knowledge and skills, including methods for total quality 
management. Also needed was training in basic capabilities such 
as material planning, quality control, packing and transport rou- 
tines, as well as human relations subjects (for example, how to re- 
late in a group and how to handle conflicts). Implementation of 
target-oriented teams also demanded that corporate and company 
management learn about team dynamics, leadership in team-ori- 
ented organizations, and how to propel continuous improvement 
forward. New roles had to be designed for first-line managers whose 
role was changing to that of coach, whose main responsibility was 
to facilitate the work of others. 
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Table 27-2.  Requirements for authorization of T50 projects and T50 companies 

T50 Project 

Clear, far-reaching goals with respect to customer value and total cycle 
time 
A major unit/division fully involved in a plan for expanding a pilot 
project 
Skills development of employees included 
Well-defined metrics 
Focus on early results 

T50 ComDanv 

Time reduction > 50% since June 1990 
On-time deliveries continuously at 95-1 00% 
Customer focus program showing results 
Supply management showing results 
Inventories reduced by 30% 
Productivity improvement > 20% in 50% of the company’s operations 
Benchmarking of 50% of the company’s operations 
Company is based on target-oriented teams 
Program for continuous improvement involves the majority of employees 
Program/objectives for the development of leadership and employees’ 
skills and attitudes 

The Machines Division at ABB Industrial Systems AB-One 
Example of the T50 Project 

To get a flow-oriented production organization based on target- 
oriented teams, division management decided to rearrange the 
whole workshop, an area of 200,000 ft2 (18,580 m2). In 1992, a project 
group undertook a preliminary study on existing production lay- 
out and processes. They identified and quantified different im- 
provement potentials: shorter and faster material flows, adjustment 
of the production layout to future demands of target-oriented teams, 
reduction of utilized area, and an increase of the personnel’s un- 
derstanding of the production process. Also important, but not 
quantified, were ergonomic work improvement possibilities regard- 
ing lifting devices, noise and lighting conditions, and ventilation. 
Plans were made to make lunchrooms and group or meeting rooms 
more available for the target-oriented teams. 

The project group decided the principal solutions for the final 
layout. They also determined the investment plan and scheduled 
activities. The principal solutions were then broken down and ad- 
justed to the unit level where planning groups, consisting of a pro- 
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duction leader, work group representative, safety representative, 
and production technician, carried out the final detailed solution. 
If necessary, the planning groups could get support from other func- 
tion groups. 

Members in the target teams had great influence on the final 
layout of the unit. Their participation created good solutions and 
also made the actual changes work very smoothly. The total layout 
project was paid back within 1.8 years. 

The physical work environment was substantially improved, 
especially at one unit where workers’ musculoskeletal disorders 
had been a great problem. The total transportation distance of prod- 
uct units was reduced from 8,900 to 2,700 f t  (2,713 to 823 m) and the 
number of moves calling for the use of overhead cranes was re- 
duced from 19 to two. Also, the new production layout became the 
necessary structure for utilizing the potential of the target-orient- 
ed teams. 

AUTOMOTIVE CASES-VOLVO AND SAAB 
Sweden’s two car industries, Volvo and Saab, have become in- 

ternationally well established, and export most of their production. 
Largely due to the sharp decline in sales around 1990, production 
in Sweden is now concentrated in their main plants in Goteborg 
and Trollhattan. 

Car manufacturing has a high incidence of ergonomic problems 
due to the many physically and mentally monotonous tasks. The 
rate of musculoskeletal problems is high in all kinds of assembly 
work. Volvo, as well as Saab, has worked for decades to reform 
manual industrial work. They have experimented with shop floor 
reorganization and work groups to better meet the workers’ needs 
for job involvement and skill development. Both companies are 
continuing these efforts, trying to obtain efficient production and 
good working conditions. They combine sociotechnology with as- 
pects of Toyota’s production philosophy. Groups working toward 
goals, multiskilling, a participative approach, continuous improve- 
ments, learning organizations, customer focus, and a very strong 
emphasis on change processes are commonly adopted (Sandberg 
1995). Today’s focus is on integrating company performance and 
human factors and ergonomics demands on work conditions. 

Volvo and Saab make use of a similar concept in their produc- 
tion, namely KLE and QLE/H respectively, which means quality, 
timeliness, and economics. The sequence of these three terms is 
the order of priority, and for each factor there is a set of key vari- 
ables to measure performance on the group level and to stepwise 
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aggregate these variables to company level (see Table 27-3). Human 
resources are emphasized as a facilitating factor or the means of 
achieving the overall goals. The concepts are comprehensive, in- 
cluding, in addition to the previously mentioned factors, leadership 
development, and a flat organization structure with decentralized 
responsibility, authority, improved information, and communication. 

Table 27-3. Commonly-used 
key variables 

*Number of deficiencies 
Deficiency ratings 

*Customer complaints 

*Lead time 
*Material turnover rate 
Delivery precision 

*Working hours per car 
*Value of products in progress 
*Capital turnover rate 

Sickness, absenteeism 
*Number of work injuries 
*Number of improvement 

*Competence matrixes-give work 

suggestions 

force and plant flexibility and 
vulnerability 

competence development 
*Investments in personnel 

*Motivation indexes 
*Personnel turnover rate 

Both Volvo and Saab have 
achieved substantial improve- 
ments in many of the key vari- 
ables. Several reasons can be 
identified. Team organization 
with multiskilling increases 
flexibility and reduces vulner- 
ability due to personnel chang- 
es. Work teams responsible for 
planning their own job rotation 
can more easily compensate 
when individual members are 
unable to perform certain 
tasks due to physical prob- 
lems. 

The use of human key vari- 
ables has also increasingly 
been put into practice in other 
Swedish companies. Compe- 
tence matrixes and other 
charts can be applied easily 
and aid decisions about human 
resource development. 

SOCIOTECHNICAL JOB 
DESIGN IN SAWMILLS 

Sawmills, a dominant indus- 
try in Sweden for centuries, are 

based on automated technology and can be described as process 
industries. Over a period of 25 years, the concept of a sociotechni- 
cal design of sawmills was developed by Ager (1993). This included 
idea development, development of supplier equipment, machine 
manufacturers, and consultants’ know-how, with active collabora- 
tion from the sawmill industry. The concepts have gradually been 
introduced in several sawmills. To a large extent, five of the most 
recently-built Swedish sawmills have adopted this concept, which 
has gained a high degree of acceptance from union and company 
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representatives. The main components of sociotechnical design in 
sawmills are described in Table 27-4. 

A development model for the organizational change process from 
a traditional sawmill to a sociotechnical sawmill has been proposed 
by Ager (1993) (Figure 27-3). This model has been implemented in 
several sawmills. 

SERVICE INDUSTRY-TOOLS FOR ERGONOMIC IMPROVEMENTS 
Many Swedish companies realize the multifaceted background 

of ergonomic problems at the workplace and try to solve them by 
using so-called broad strategies. Depending on the problem and 
the scope of freedom for workers’ participation in and their influ- 
ence upon the planning of improvement measures, we find more 
or less top-down and bottom-up approaches. The effectiveness of 
some strategies have been demonstrated and documented. 

Following is a typical example of how an ergonomic problem 
was solved, not exclusively by physical treatment and rehabilita- 
tion programs, but by changing a number of organizational condi- 
tions (Westlander 1995). 

From 1989 to 1992, one service division of Swedish Telecom (now 
Telia AB), underwent a program of comprehensive organizational 
change; major efforts were made to improve the work environment 
of the approximately 300 telephone operators employed by the 
Manual Services Division. 

One of the Telecom Group’s head office specialists on occupa- 
tional health issues, the project initiator, joined the managerial staff 
of Telecom Services to work out a program to find means and forms 
for solving the prevailing health-related work environment defi- 
ciencies. Over a period of three years, activities at Telecom Servic- 
es were to be restructured with the aim of eliminating a series of 
work environment problems, including the operators’ strong phys- 
ical ties to the workstation (since the services could only be pro- 
vided at a computer terminal), the intrinsic repetitiveness of the 
work, and inadequate premises. Taken as a whole, these problems 
were regarded as being the cause of extremely high absenteeism 
(relatively speaking), which was in itself a central problem from 
the perspective of company management. 

The planned change was based on a package of several, dissim- 
ilar measures (a broad and diverse strategy) and favorable effects 
of different kinds were envisaged. The proposal involved: 

Changes in the work organization with a view to achieving 
more variation in telephone operators’ work and greater scope 
for physical mobility; 
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Table 27-4. Characteristics of sociotechnology as applied in Swedish sawmills* 

Teamwork in autonomous production groups 
The group i s  formed around an organically-integrated part of the chain of 
operations, preferably along the material flow. The group has a rather high 
degree of autonomy regarding planning, production control, and internal 
organization of work. Certain administrative and maintenance tasks and a 
shared responsibility are delegated to the group. The group members are 
encouraged to develop multiskilling. 

Ager 1993, free translation aggregation or concentration of personnel 
By adapting material flow and buildings, as well as by decentralized 
maintenance, personnel are brought together as closely as possible. The 
purpose i s  to improve contacts, cooperation, and job rotation. Nonstraight 
material flows (U- or L-shaped) and a shared control room as a work center 
are examples of how to achieve this. 

Development of work roles with sufficient work content 
This means creation of functions, job descriptions, and a work organization, 
which both fulfills the demands regarding good iob content and also suits the 
group of persons to be involved. 

Integration of processes and activities 
This principle means the creation of compact production departments 
including several operations, a separate flow and high degree of autonomy 
regarding planning, organization, and maintenance. The purpose i s  to 
support group organization and obtain a better overview, more holistic work, 
and a faster flow of material. 

Selected automation adapted to human characteristics 
Emphasis i s  put on the allocation of tasks to humans and machines, while 
considering the content of the operators' work. Also, the operators should be 
freed from unqualified and direct surveillance of material and machines. This 
will result in reduced manning, faster production, reduced costs, and 
elimination of dangerous or heavy tasks. 

To support variation of posture and job rotation, the workplaces should be 
designed to be adaptable, giving freedom of choice, mobility, and self- 
pacing. One example i s  to provide buffer areas for work to be performed in- 
stead of a machine-paced flow of work. 

The production personnel perform some maintenance, and the integration 
and collaboration with the maintenance personnel are strengthened. 
Production disturbances are reduced and the possibility of increased numbers 
of personnel in critical tasks when needed is increased. 

Reward systems for quality and skill development 
The salary system and other rewards have to promote product quality and the 
utilization of raw material and production equipment. Skill development, 
cooperation, and shouldering responsibility should also be stimulated by the 
reward system. 

Adaptable workplaces, adjustable to the individual 

Decentralized maintenance 

*Source: Ager 1993, free translation 
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Participation in development 
of products and technology 

Some freedom in 
internal organization 

Addition of planning and 
administrative tasks 

Addition of maintenance tasks 

Intensified use of process 
feedback information +- Job rotation 

Work in one position 
8 hours a day 

Figure 27-3 The development steps as a model for personnel and production 
organization development (Ager 1993). 

The combining of operator work with so-called service tasks 
so that there would be greater personal flexibility with regard 
to working hours; 
A changed organizational structure with the aim of promot- 
ing a sense of a group community, thus providing social con- 
tact between telephone operators at work; 
The rebuilding of the telephone operators’ offices according 
to a new architectural design so that the physical environment 
was adapted to the new organizational form, thereby satisfy- 
ing external physical conditions for the realization of an in- 
tragroup community; and 
More long-term development of computer facilities, which 
would allow a multiplicity of tasks to be undertaken at all 
workstations. 

The implementation was continuously evaluated by an indepen- 
dent research team. The findings of the final evaluation indicated 
that, of the measures encompassed by the broad effort made to 
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promote change and improvement of work-related health (release 
from musculoskeletal and visual discomfort from video display 
terminal [VDT] work), those concerning the work premises and the 
group form of organization were most successful. They were fully 
implemented. In particular, the new offices and their ergonomic 
design had the favorable effects that management desired. 

CLOSING WORDS 
The Scandinavian countries have, in many aspects, similar views 

on how occupational health should be taken into consideration in 
the continuous development and modernization of working condi- 
tions. This chapter concentrates on features of special interest to 
plant managers since they are in especially important positions 
for surveying and promoting worker well-being. 

That is why we have given an overview of Swedish strategies in 
the form of legislation, institutionalization of health promotion, 
inspection, and intervention systems, as well as financial support 
systems. We have also found it important to describe how the pro- 
fessionalization of ergonomists is proceeding. 

The selection of companies are meant to illustrate ambitious 
endeavors on the local level. The company cases described should 
be regarded as a few examples of many organizations going in the 
same direction. 

It is a growing endeavor in Sweden and in the other Nordic coun- 
tries to use the now extensive research findings from the various 
occupational health disciplines contributing to the field of ergo- 
nomics. There is also growing consciousness that strong efforts 
should be put on transforming this knowledge into practical meth- 
ods easily accessible to and suitable for managers. 
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TQM PHILOSOPHY 
Total quality management (TQM) is based on a broader notion 

of quality than that of older quality assurance concepts. In the TQM 
context, quality is not only focused on the product, but on the whole 
business, including all external relations and internal processes. 
One principle underlying the TQM philosophy is customer orien- 
tation (Figure 28-1). The idea of the customer as purchaser or user 
of a product or a service is broadened by the shareholder, the em- 
ployee, and society as a whole. 

According to the Japanese Institute of Standards, quality con- 
forms to the requirements of the customer. Quality, defined this 
way, is based on the needs and expectations of customers and cov- 
ers several dimensions. 

The customer orientation applies to external, as well as internal 
customers. A purchaser customer, for example, has requirements 
with regard to product, styling, design, sales, and marketing, after 
sales service, and price. Internal customers pay attention to job 
satisfaction, leadership, education and training, supportive struc- 
ture, communication, reward and recognition, and performance 
appraisal. Shareholders require profit. Society emphasizes envi- 
ronmental friendliness and savings for the national economy. 

In terms of defining quality characteristics, the relationship be- 
tween the enterprise and the customer is bidirectional. Anticipa- 
tion and continuous adaptation of requirements necessitates 
intensive communication. Furthermore, the supplier influences the 
quality criteria by: 
"Currently at: Schott Glass, Mainz, Germany. 
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Customer orientation 

Expectation/ customer Envi~wi~ol Job 
objective: -satisfaction ~~ satisfaction 

Figure 28- 7 The objectives of TQM. 

Choosing markets, products, and services; 
Influencing the market and customer requirements (for ex- 
ample, marketing); and 
Weighing customer interests of purchaser, work force, share- 
holder, and society. 

Defining and weighing quality standards also has implications 
for company ethics. Is the primary goal of the business exclusively 
profit-making or is there some consideration for the employees’ 
interests? 

To identify all internal activities of a company and its miscella- 
neous customer-supplier interrelations, it is necessary to structure 
them in terms of business processes, with individuals or groups as 
internal suppliers and customers. 

The system of the business as a whole is a network of all em- 
ployees interacting through supplier and customer relationships 
as the basic element of quality orientation-structured by organi- 
zational aspects (Figure 28-2). 

This can only be achieved by involving all members of staff and 
management. It demands commitment across all hierarchies to 
continuously improve quality, as well as a business culture that 
fosters active participation (Grant et al. 1994). “TQM provides an 

506 



Supplier I 

Figure 28-2 Process orientation and internal/external supplier and customer relationship. 



Ergonomics in Manufacturing 

environment where fear is eliminated, where all employees take 
pride in their work, where they feel part of the same team, and 
where the goals of the organization are their own” (Logothetis 1992). 

In comparison to quality assurance and quality management 
concepts, total quality management regards input and output, and 
the entire business process from supplier to customer. Therefore, 
it must consider all elements of the system and more dimensions 
of quality (Figure 28-3). 

To fulfill the TQM demand of a holistic approach, the philosophy 
makes use of different philosophies, strategies, and methods of im- 
proving quality (Kamiske 1994; Logothetis 1992) (Figure 28-4). 

OBJECTIVES OF ERGONOMICS 
Ergonomics covers several approaches to working life. Microer- 

gonomics regards isolated aspects of the individual and work envi- 
ronment. Macroergonomic techniques focus on a holistic 
understanding of individuals and the human relations among them. 
Macroergonomics takes into account the unity of motivation, needs, 
wants, qualification, social aspects, as well as the communication, 
participation, and interaction of the enterprise’s employees. It can 
be viewed as a kind of ergonomics-TQM relationship. 

Ergonomics, with its different focus points, demands a system- 
atic approach to unify different scientific disciplines in terms of an 
efficient conversion and contribution to enterprise development. 
An ergonomical design process should be (Wojda and Hacker 1995): 

Holistic and system-oriented; 
Objective-oriented and prospective; 
Content- and process-oriented; and 
Situated. 

Regarding these necessary process characteristics, the objectives 

Design a working environment adapted to the individual’s 
physiological needs; 
Cultivate and maintain performance; and 
Ensure employee acceptance toward working conditions. 

ERGONOMICS AS A CHANGE AGENT 
Within the course of time, the definition of quality has changed, 

thereby changing the methods and tools to achieve quality. 
The objectives of recent quality management concepts are re- 

flected by criteria systems to evaluate quality management (QM) 

of ergonomics are to: 
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Figure 28-4 From TQM philosophy to methods for quality improvement. 

efforts such as IS0 9OOX, the Malcolm Baldrige Quality Award 
(MBQA), and the European Quality Award (EQA). While criteria 
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and their weighing differ among these evaluation systems, all three 
consider quality as product quality, process quality, and quality of 
working life. In comparison to the MBQA, the EQA puts more 
emphasis on the effects on society, therefore reflecting the ten- 
dency toward more holistic quality approaches. 

The MBQA evaluates the achieved quality using seven criteria. 
Figure 28-5 illustrates the close relationship between the objectives 
of ergonomics and TQM. Black boxes symbolize a direct fit of goal, 
while white boxes indicate a correspondence to the preconditions or 
result. As shown in the matrix, the concept of ergonomics with its 
objectives covers all criteria, as defined in the MBQA. Therefore, 
quality management, in terms of a holistic and process-oriented 
quality notion, and ergonomics can be understood as different ap- 
proaches with the same goals. TQM is contributing to process man- 
agement, whereas ergonomics is providing appropriate content. 

Having the improvement of quality in mind, the management 
and work force can choose an appropriate combination of quality 
philosophies, strategies and methods, and well-established ergo- 
nomical tools and methods like those mentioned in previous chap- 
ters of this book (Figure 28-6). But, the reasons are not evident for 
every quality deficiency. Some cannot be determined with well- 
modeled, analytical tools. For example, a system's complexity or 

of ergonomics (rows) 

Direct correspondence 
0 Indirect correspondence 

Figure 28-5 Correspondence between the goals of ergonomics and MBQA criteria. 
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the unexplored causal connections of physiological and psycho- 
logical aspects can make it impossible to bring into play well-de- 
fined procedures, especially when conditions and strains are 
changing (Figure 28-7). 

In these cases, the ability of staff to adapt to their working envi- 
ronment is important. This includes the ability to set long-term 
personal goals and change personal conduct, adapting it to altered 
situations and physical feedback. The continuous development of 
the capacity to act gives a direct link to a broad notion of health 
(Eckardstein et al. 1995; Ottawa Charter for Health Promotion 1986). 
In this sense, within a TQM context, there is a direct fit between 
ergonomics and occupational safety and health. 

TQM Plan 
assessment 

concepts 
and 

criteria 

Act 

Do 

Figure 28-6 Analytical approach in well-modeled fields of ergonomics. 
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For the individual staff member, as for the entire company, risk 
avoidance must be coupled with the use of personal development 
potential, which can only be achieved by appropriate processes 
(participation, organizational development, and continuous im- 
provement). Such a holistic approach ensures the company’s abil- 
ity to adapt to changes in the conditional framework (Figure 28-8). 

HEALTH PROMOTION IN TQM 
Based on various dimensions of work-related human health and 

safety, the occupational safety and health approach has an impact 
on several quality dimensions: 

1. The promotion of preventive occupational safety and health 
reduces the susceptibility of production processes to disrup- 
tions caused by accidents and sickness-related loss of work- 
ing hours. 

2. Through the long-term support of a healthy and capable work 
force, occupational safety and health ensures sustainable hu- 
man resources management. 

3. Health is a sine qua non for work force performance, and thus 
for the continuous improvement process, the basic principle 
behind the TQM philosophy. 

OCCUPATIONAL SAFETY AND HEALTH AS A QUALITY TARGET 
Even though the mutual dependency of safety and process se- 

curity, as well as health and the entire quality of a company has 
often been pointed out in recent years, these aspects do not usual- 
ly appear explicitly in the criteria systems for the evaluation of 
QM systems. Nevertheless, there is the necessity to integrate oc- 
cupational safety and health promotion in TQM concepts (Krause 
et al. 1993; Rine 1994; Graham 1995). 

IS0 9OOx generally contains few staff-oriented criteria. They re- 
late to the necessity for professional and nonprofessional staff de- 
velopment. References to work safety and health promotion are 
missing. 

Correspondingly, the Deming Application Prize only considers 
staff development with respect to education and dissemination 
criteria (Deming 1986). The Malcolm Baldrige Quality Award, how- 
ever, also considers well-being and morale as a criterion for the 
quality category “human resource utilization” (National Institute 
of Standards and Technology 1995). These criteria correspond to 
the definition of health, which goes well beyond the absence of ill- 
ness. The European Quality Award also focuses, to a considerable 
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extent, on human resource management, but generally remains 
more ambiguous in terms of the specific criteria (European Foun- 
dation for Quality Management 1994). In addition to the MBQA, 
and like the Deming Prize, the European Quality Award contains 
the criterion of social responsibility, another factor applicable to 
occupational safety and health. 

Taking the aforementioned quality awards as an indicator of 
company focus, it becomes evident that the focus is on personnel 
development, whereas health promotion, in the sense of a continu- 
ous process, seems to be neglected. Although the relevance of per- 
sonnel satisfaction, motivation and values, company climate, and 
other factors describing employee psychological well-being is gen- 
erally recognized in recent QM concepts, related strains and direct 
impacts are rarely operationalized or systematically recorded. 

The European Union passed a scope of directions that obligates 
companies to analyze their workplaces in terms of occupational 
safety and health to initiate appropriate improvements (European 
Commission 1993). The nations of the European Union must real- 
ize these directions by converting them into a national law. Thus, 
occupational safety and health is no longer just an ethical request 
or a company goal embedded in quality management undertak- 
ings, but a legal commitment. 

The objective of personnel development is to foster technical, 
management, and social skills according to workplace demands. It 
is attempted through training to achieve continuous improvement 
of employee competencies and performance. But these measures 
must be supported and complemented by efforts that extend the 
work force’s interests and abilities. The objectives of these addi- 
tional measures, in contrast to personality development, have to 
be independent of job-related requirements. All staff members 
should be healthy, feel at ease at the workplace, and enjoy their 
work. They are presented under the general term, “personnel car- 
ing” (Kastner 1991), the essential complement to personnel de- 
velopment. 

On the other hand, like other internal quality criteria, personnel 
caring cannot, from a business-economic point of view, be a genu- 
ine corporate aim. It can only be established as a recognized qual- 
ity criterion if it contributes to the genuine aims of competitiveness 
and profitability. But its value should not be underestimated. 
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Personal Caring in TQM 
Personal caring is the comprehension and sensible design of all 

activities related to the preservation of the work force, their intrin- 
sic work motivation, social support, and well-being. The central 
point of interest of personal caring is healthy behavior and percep- 
tion, and self-motivated continuation within the organization (Kast- 
ner 1991). A company cannot survive if a substantial part of its 
work force becomes sick or disabled. The value of the employees’ 
knowledge and performance potential is often higher than the eco- 
nomic value of an infrastructure and this more than justifies in- 
vestments for preservation and support. Good employees are scarce, 
valuable, and increasingly indispensable. Methods of short-term 
hiring and firing become more and more inappropriate, consider- 
ing the increasing complexity of many tasks and the high cost of 
staff development. Caring for human resources is caring for the 
company resources. Without the first, performance improvements 
are hard to achieve. 

An especially strong participation-oriented occupational safety 
and health approach may lead to the perception that occupational 
safety and health is primarily a task for the lower and middle lev- 
els of the hierarchy. Such a view does not do justice to the foster- 
ing role of occupational safety and health. It diminishes its 
significance compared to other corporate aims. This subsequently 
causes problems during the implementation phase when impor- 
tant decision makers are not involved in the processes and struc- 
tural change cannot be implemented. The results of such an 
occupational safety and health promotion approach are mere at- 
tempts to influence behavior. Because appropriate occupational 
safety and health promotion measures involve management be- 
havior, the organizational climate, as well as the underlying princi- 
ples of the work organization, it must be part of the strategic quality 
dimensions. It is a well-studied fact that the commitment and role 
modeling of upper management constitutes the most important 
factor for the success of health programs (Curtis 1995). 

Medical checkups, as part of company social services, may lead to 
an improvement in employee job satisfaction and work effective- 
ness. The perception of health as an achievable goal leads to the 
attitude that health is indispensable for a quality (working) life. 

The emphasis here is not necessarily on physical fitness. Physi- 
cal illness or disability are often smaller burdens to an enterprise 
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than psychological and social disorders. Heavy physical impair- 
ments, such as heart attacks, cancer, or paralysis do not always 
impair productive performance, while moods, personal insecurity, 
depression, and psychosomatic conditions tend to be significant 
obstacles. 

TQM for Occupational Safety and Health 
When personnel caring is established as a criterion for business 

quality, we can turn around and ask what TQM principles and 
methods can teach us in order to achieve occupational safety and 
health. Like all internal services, occupational safety and health 
must be included in the process of continuous improvement. For 
this purpose, the multiple criteria and instruments of quality man- 
agement can be applied. Presently, the TQM-like managing of oc- 
cupational safety is being considered (Krause 1995; Seneca1 1994; 
Curtis 1995). Figure 28-9 shows an exemplary translation of MBQA 
quality categories into occupational safety and health requirements. 

The attitude concerning health-promoting behavior follows the 
hierarchical company structure. In organizations where executive 
staff members receive regular medical checkups and health coun- 
seling, and where they display healthy behavior, the call for com- 
pany-wide health care from all levels follows. “Our boss wants to 
be in shape. So do we!” 

Executive staff must prove its commitment to occupational safety 
and health, refusing to tolerate hazardous or unhealthy behavior, 
even when it means forfeiting a certain degree of productivity. 
Leadership style must contribute to a health-promoting operational 
climate. For this purpose, executive managers need a repertoire of 
appropriate actions to lend staff a competent, helpful, and perfor- 
mance-promoting hand (especially in problem situations), enabling 
self-motivation, instead of using orders and reprimands. Possible 
parameters for a health-promoting operational climate and good 
work motivation go far beyond the easily recordable sickness and 
fluctuation figures. They can be established through observation, 
conversations with staff, or interviews. Positive indications, for 
example, are friendliness, patience, humor, and the existence of a 
time culture. 

Health is influenced on all levels of the work environment, from 
the chemical and physical work environment, work tasks, and even 
up to the level of company organization. However, early indica- 
tions of health impairments, which may take the form of indisposi- 
tion, missing work ethics, passivity, or fear of excessive demands, can, 
if recorded, serve as an early warning system and provide valuable 
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hints for coordination of man-machine systems, work-organization, 
or the operational climate. 

Occupational safety and health promotion integrated into the 
context of TQM must comprise strategic planning, setting and op- 
erationalizing of aims, creating appropriate methods and instru- 
ments, organizing the acquisition of knowledge, continuous 
qualification of staff, efficient measures, measurements for the 
evaluation of such measures, control, and implementation. 

1. Identify risks and potentials. Here, a number of very differ- 
ent methods of analysis, ranging from risk analysis to task, 
activity, and requirement analyses, can make a contribution. 
The complexity can generally be controlled only through par- 
ticipation-oriented procedures. 

2. Evaluate risks and potentials. Risks for health and health pro- 
motion will always exist, even with good work designs. Thus, 
in terms of action-directed design concepts, priorities must 
be set guided by legal conditions (mandatory regulations), aims 
of the company, and preferences of the personnel. To succeed, 
this requires a target agreement process. The involvement of 
all persons in the target-finding process is an important pre- 
condition to adjust personal and organizational aims. Depend- 
ing on this evaluation, different design options arise. 

3. Minimize risks and utilization of potentials. The selected de- 
sign measures must be able to predict the expected effects as 
precisely as possible. Here, costs and benefits need to be doc- 
umented with sufficient precision. 

4. Control measures. To get the expected result, measures must 
be implemented as planned. Project management must en- 
sure the control of schedules and interim results. This is ab- 
solutely necessary because there can be interdependencies 
between measures for health promotion and other measures. 
Interim results show if the development is on the right track. 

5. Improve measures. Flexible adjustment in those cases where 
the expected results do not show or where follow-up measures 
are to further improve results can lead to continuous improve- 
ment processes. 

ECONOMICS AND HEALTH PROMOTION 
By 1985, two-thirds of all American 500+ companies had imple- 

mented health-promotion programs. Over 80% were convinced that 
the benefits outweighed the costs. Estimated savings were in the 
region of $14 for every dollar invested in health promotion. But up 
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to now, it has not been possible to forecast the long-term economic 
effects of health programs (Figure 28-10). In the meantime, control 
procedures have been developed for many internal business pro- 
grams (Otte 1994). In general, these procedures recommend me- 
thodic demand planning, project management, and continuous 
evaluation. 

Direct factors/ 
monetary 

quantifiable 

Indirect factors/ 
monetary 

quantifiable 

Indirect factors/ 
difficult to 
quantify in 
monetary 

terms 

Continued payment of wages 

Labor losses 
Availability of machines and installations 
Quality of products (especially scrap) 
Lead times 

Corporate flexibility (for example, staffing 

Image of the enterprise on markets, 

Motivation, willingness for cooperation, 

flexi bi I ity) 

including the labor market 

and working atmosphere 

Figure 28- 7 0 Imposed effects of occupational safety and health promotion (Thiehoff 
7 992). 

Ergonomic designs and measures of work safety and health pro- 
motion require investment. Decisions on investment measures are 
derived from investment planning procedures. If the hardly quan- 
tifiable evaluational criteria of safety- and health-promoting work 
design were taken into account at the stage of investment deci- 
sions, potential expensive mending measures for unsafe produc- 
tion facilities or ergonomic design deficiencies could be avoided. 
Besides strictly parameter-oriented procedures, there are so-called 
extended economic appraisal procedures that help evaluate, for 
example, nonmonetary criteria on the basis of use-value analyses 
(Gottschalk 1989; Zangenmeister 1994). Establishing operational 
target quantities allows later comparisons of the planned and real- 
ized conditions. 

The disadvantage of such planning procedures is that they are 
very labor-intensive, involving the participation of various special- 
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ist disciplines in the planning process. However, this ensures that 
various target quantities are taken into account. 

Analogous to financial accounting systems, some businesses 
increasingly turn to social accounting. Health reports, expenses 
for work safety, and health promotion are presented as company 
policy and made transparent internally and in external relations. 
One objective is to increase the company’s prestige. In general, 
this reflects in the fluctuation rate and quality of applicants. 

cost 
If personnel health is understood as a quality aim of TQM, the 

question regarding the cost benefit of health-promoting efforts has 
to be phrased differently. In general, whether quality makes eco- 
nomic sense and can be verified becomes a question of belief rath- 
er than of cost calculations (Yavas 1995). In those cases where quality 
costs are recorded and analyzed, strong doubts exist about the cal- 
culation procedures and the extent to which companies are com- 
parable (Coopers & Lybrand 1994). In terms of health promotion, 
the problem of quantifying and balancing costs and benefits car- 
ries greater weight for four reasons: 

1. Informational and emotional overload is often only measur- 
able with unjustifiable costs. Even where data is available, 
there are no generally-accepted scales that determine, for ex- 
ample, acceptable or even personality-promoting strain inten- 
sities. 

2. Usually, the relationship of weighing the quality dimension 
of health against other quality dimensions is the result of 
agreement processes. 

3. The system boundaries for balancing are unclear. Each staff 
member is not only part of the company, but also belongs to 
other social groups such as the family and society, which also 
have costs and benefits. Which of them should be included in 
the balance? Conceivably, it would be an approach similar to 
Taguchi’s quality definition, which includes all the costs for 
society. However, because of its complexity, this seems im- 
practical for everyday business life. 

4. The time scales of health-promoting effects, such as a longer 
working life, are much longer than the time scales of opera- 
tional control (a business year) or the time span of responsi- 
bility cycles (managerial contracts), and cannot be effectively 
integrated in the given target system. 
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Operational work safety cannot be the principal task of only one 
function holder or department. It incorporates common commit- 
ments that demand continuous improvement of all processes, such 
as personnel training. It is not a requirement for single individuals 
or groups, but part of an overall value system. 

This means that operational health promotion cannot be perma- 
nently implemented as regular programs and projects. This would 
be as expensive as quality assurance by inspection, performance 
evaluation, frequent quality audits, and capital investment in new 
machinery. Instead, the aim of operational health promotion must 
be to establish health conscious behavior as a company value and 
become effective in individually organized processes. In these 
terms, occupational safety and health consciousness can be imple- 
mented as a process, not a program. 

0 RGAN lZATl0 NAL DEVELOPMENT TH ROUGH 
HEALTH PROMOTION 

AREAS OF CONFLICT 
Organizational development (OD) has the task of initiating long- 

term alteration processes in structures, rules, and ways of behav- 
ior in organizations. Many organizational development projects 
focus unilaterally on efficient organization patterns and norma- 
tive precepts for the staff’s behavior. Employees are to work as 
much and as effectively as possible and can improve their perfor- 
mance through training. In the context of lean management and 
business process re-engineering, companies often try to organize 
a small core of high-performing, healthy staff members in self-re- 
liant teams, under acute pressure to perform. The associated health 
risks are ignored as long as possible. 

The vision of staff members with unlimited dedication and 
steadily increasing potentials ignores reality. It cannot lead to the 
envisioned individually-organized process. On the personal side, 
the consequence is a great number of illnesses caused by stress. 
On the operational side, the consequence is unsuccessful re-engi- 
neering projects. 

THE PROBLEM OF APPLYING TQM 
The success of TQM is essentially dependent on the applied OD 

methods (Hawley 1995). In many cases, the business models of TQM 
and OD do not correspond. Thus, the direction model of the busi- 
ness determines the measures used to run it and research changes. 
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The process model, too, can be based on the concept of the compa- 
ny as a “trivial machine” (Foerster 1984), where a functional rela- 
tionship between input and output exists and can be planned and 
controlled. In this model, the internal structure of the system “busi- 
ness company” is understood as the product of rational planning. 
The system’s complexity plays an important role only in the sense 
that the complexity and dynamics of the planning processes ex- 
ceed management’s capacity. Therefore, the company’s staff, with 
its expertise and external facilitators, must be involved in the plan- 
ning process. For instance, quality circles, often aimed at improv- 
ing some situation within a given concept, sometimes apply poor 
decision-making competencies (Vaziri 1987). This leads to partici- 
pative Taylorism (Bradley and Hill 1987). 

However, new concepts of organizational development conceive 
the company as a social system (Ackhoff 1994; Lee and Freedman 
1984; Luhmann 1988). In this concept, the organization is not com- 
posed of working individuals; it is a network of transactions. The 
transactions are determined by the internal structures, rules, and 
media of communication. 

Within these concepts, social systems have the quality of self- 
organization. This means they have the ability to change struc- 
tures, rules, and communication media by themselves (Hayek 1967; 
Foerster 1984). Thereby, self-organization is not localized, but is 
dependent upon the outcome of the acts of all members of the sys- 
tem and their dynamic interaction. Intervention in such a system 
takes place in the form of target-oriented communication. Howev- 
er, given the inner complexity and dynamics, the effect cannot be 
precisely forecasted (Grossmann and Scala 1993). 

Not only are entire companies social systems, but so are their 
departments and working groups. The customer-supplier relation- 
ship is, therefore, a relationship between social systems. What con- 
ditions have to be fulfilled by the internal and external interactions 
of all social systems within an organization so they can cooperate 
in preserving and improving the entire system? 

First of all, because a social system cannot be driven by external 
forces in the right way, the systems must have the ability of orga- 
nizing according to objectives-the ability of self-development 
(Probst 1987). On the level of the single member, this fits the given 
definition of health. People have to agree with the permanent 
changes imposed by TQM. Therefore, they should not be over- 
charged by the speed of change. Studies prove that unclarity about 
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tasks and high-change dynamics are the main strain factors caus- 
ing psychological disorders (Eckardstein et al. 1995). 

Secondly, the entire goal must fit the internal goals of the single 
systems or single member. In terms of TQM, this is the problem of 
creating a common vision of quality objectives and an overall com- 
mitment to continuous improvement. Organizational development 
approaches that favor employee involvement, such as leading by 
contexts or the sociocratic approach, try to solve this problem by 
participation (Willke 1989; Zeleny 1989). 

The underlying idea is that communication among members of 
an organization can affect the coordination of collective acting. In 
concrete terms, this means the promotion of staff competence and 
knowledge, creating room for autonomy, as well as fostering social 
support. Involving staff in reorganization processes and design de- 
cisions is a central factor of the success of such concepts. An ex- 
change of expectations, requirements, information, and interests 
should result in the joint definition and realization of objectives. 
This can only be realized if the adjustment between different parts 
of the organization follows a common rationality. However, it has 
long been known that decision making in companies is character- 
ized by boundaries (Simon 1957; Cyert and March 1963), causing 
conflicts that cannot simply be dissolved via communication. There- 
fore, organizational development has to manage compromises that 
allow integration of different objective systems. Partly formalized 
approaches have to be established, such as project organization, 
which gives some stability and time for learning and experiencing 
the negotiation and realization of compromises. This can result in a 
healthy culture without fear of unfairness and overcharge. 

CONCLUSION 
It might be concluded that occupational safety and health can 

be successful only if it focuses on influencing the contexts for self- 
organization of single employees and groups. To promote occupa- 
tional safety and health, companies must: 

Create organizational preconditions, which involve organiza- 
tional concepts, such as health circles, restructuring of work 
tasks, and extension of personal autonomy; 
Define and qualify requirements; 
Improve internal cooperation among various groups, like safe- 
ty experts and industrial medicine doctors; 
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Enhance cooperation with external organizations, such as 
health insurers and professional associations; 
Establish staff participation in all phases of the design pro- 
cesses; and 
Define evaluation measures that can be transformed into busi- 
ness objectives. 

In the framework of organizational development and continu- 
ous improvement, work groups can be formed to specifically deal 
with questions of work safety and health promotion (Nieder and 
Susen 1994). Organizational development, understood as a partic- 
ipation-oriented process, ensures the collection of design knowl- 
edge from various knowledge-holders, including staff. Work groups 
are able to extract and evaluate avenues toward preventive work 
safety and health promotion. 

Often, these kinds of project groups are called health circles 
(Nieder and Susen 1994), whose basic function is to enable staff to 
commit to personal health. Health circles are integrated into orga- 
nizational development processes. The most important precondi- 
tion for the success of health circle work is communication among 
equal-status members of the circle. An example for organizing oc- 
cupational safety and health via health circles is shown in Figure 

The setting-up of such groups as a part of the TQM concept in 
the initial phase elucidates the significance of occupational safety 
and health as a goal of quality. In the long run, occupational safety 
and health has to be embedded in a participative organizational 
development process with congruent group and work tasks (Fig- 
ure 28-12). 

Only the integration of occupational safety and health, or gener- 
ally of personnel caring, in work tasks can establish the concept as 
a long-term business value and reduce the costs incurred (Table 

28-11. 

28-1). 
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Table 28-1. Focal points of occupational safety and health on several organizational characteristics 

Organizational Model 
Characteristics 

OSH as Special Function 

Vision Process safety, avoidance 
of illness, freedom from 
i m pa i rmen t 

Leadership 

Prosociality 
(trust, acceptance, 
tolerance) 

Proactivity 

Participation 

Standards, safety 
inspections, behavioral 
requirements 

Hierarchical expert-lay 
relation 

Inherent technological 

Poor participation 

FI exi bi I ity Formalized approaches, 
narrow margins, rigid 
coupling to the values 
and aims of the company 

Qualifying 
(personal competence) 

Occupational 
qualification of experts 

OSH Promotion through Programs 
and Projects 

OSH promotion, job satisfaction, 
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