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Preface

Development of the 2nd edition of the Occupational Ergonomics handbook was motivated by our desire to
facilitate a wide application of ergonomics knowledge to work systems design, testing, and evaluation in
order to improve the quality of life for millions of workers around the world. Ergonomics (or human
factors) is defined by the International Ergonomics Association (www.iea.cc) as the scientific discipline
concerned with the understanding of interactions among humans and other elements of a system, and
the profession that applies theory, principles, data, and methods to design in order to optimize human
well-being and overall system performance. Ergonomists contribute to the design and evaluation of tasks,
jobs, products, environments, and systems in order to make them compatible with the needs, abilities,
and limitations of people.

The ergonomics discipline promotes a holistic approach to the design of work systems with due
consideration of the physical, cognitive, social, organizational, environmental, and other relevant
factors. The application of ergonomics knowledge should help to improve work system effectiveness
and reliability, increase productivity, reduce employee healthcare costs, and improve the quality of
production processes, services, products, and working life for all employees. In this context, professional
ergonomists, practitioners, and students should have a broad understanding of the full scope and breadth
of knowledge of this demanding and challenging discipline.

Fundamentals and Assessment Tools contains a total of 50 chapters divided into two parts.

Part I introduces the discipline and profession of ergonomics, including the systems approach
and human-centered design, quality management, risk theory in human-machine systems, legal
issues, cost justification for implementing ergonomics interventions, as well as professional certifica-
tion and education issues. The fundamental ergonomics knowledge covered also includes the areas of
epidemiology, engineering anthropometry, biomechanics, motor control, human strength evaluation,
cumulative spine loading, application of basic knowledge for the assessment of loading on the human
back, shoulders, legs, and feet; rehabilitating low back disorders, low-level exertions, pathomechanics
and musculoskeletal injury pathways; understanding of individual factors for musculoskeletal
disorders and adaptation. Other important topics include consideration of cognitive factors, design
of information devices and controls, cognitive processing, multimodal information processing,
tolerances and variation in human performance, the effects of personality, psychosocial work
factors, as well as the aging processes. Finally, the work environment issues, including vision and
visual and tactile performance, noise and auditory effects, vibrometry, and shiftwork are also
discussed.

Part II focuses on ergonomics assessment methods and tools and their validity. These comprise tools
for the assessment of physical and cognitive work demands and efforts. In the physical domain, the
selected topics include methods for evaluating working postures and assessment of the entire body
(REBA, RULA, and LUBA), methods for analysis of upper extremity loading and exposure (such as



PLIBEL, HAL, or SHARP method), wrist posture assessment and back assessment (NIOSH Lifting
Equation, 3DSSPM, Industrial Lumbar Motion Monitor, TLVs). Methods that are focused on the
psychophysical assessment techniques, cognitive task analysis, application of subjective scales of effort
and workload, and determination of rest allowances, are also presented.

We hope that the fundamental knowledge presented in this book will help the readers to improve their
understanding of the nature of complex human-artifacts interactions that occur in a variety of working
environments, especially from the perspective of the design, testing, evaluation, and management of
human-compatible systems.

We also hope that this book will be useful to a large number of professionals, practitioners, and
students who strive everyday to optimize the design of systems, products and processes, manage the
workers’ health and safety, and improve the overall quality and productivity of contemporary businesses.

William S. Marras
The Ohio State University

Waldemar Karwowski
University of Louisville
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1.1 Introduction

Some form of “quality assurance” effort is natural to most professions. This generally involves develop-
ment of credentialing in educational programs and/or of individuals. Three types of processes are most
common: Accreditation is established for the regulation of instructional programs. It is voluntary and
generally developed and administered by an association of professionals within the field. Certification
involves a voluntary process of evaluation and measurement of individuals, which can then indicate
whether they have achieved a professional level of qualifications as judged by professional peers. It is
developed and administered by a professional association or a group specifically established for profes-
sional development purposes. Licensure, while it does credential individuals, is a mandatory process and
is administered by a political or governing body. When laws are implemented “to protect the public”
from unprofessional practices, it becomes illegal to practice one’s profession without a license. Thus,
these processes are distinguishable by three aspects: (a) the recipient of the credential, (b) the credential-
ing body, and (c) the degree of volunteerism involved in obtaining the credential (Jahns, 1991).

In 1994, Dr. Carol Slappendel reviewed nine ergonomics certification/registration programs in oper-
ation around the world. Her findings are summarized in Table 1.1 and Table 1.2. Since International
Ergonomics Association (IEA) Federated Societies are more oriented towards “information dissemina-
tion,” and not so much towards “control” of the profession as a guild structure, there is an increasing
trend for cooperative, yet independent credentialing agencies. In “open-market” societies there are
also opportunities for sham operators, which makes a supervisory role by IEA Federated Societies desir-
able. Examples of such efforts include the Association of Canadian Ergonomists (ACE), which prior to
developing and launching certification processes and criteria for Canadian ergonomists, recognized the

*With updates from Kris Rightmire, Executive Administrator.
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TABLE 1.1 Certification of the Ergonomist: Programs in Operation as of May 1994°
Certification/
Registration Authority Designation Acronyms
Nonsociety Board of Certification in Professional Certified Professional CPE
Ergonomics (BCPE), U.S.A. Ergonomist
Certified Human Factors Professional CHFP
[Certified Ergonomics Associate] [CEA]
Ergonomist in Training:
Associate Ergonomics Professional AEP
Associate Human Factors Professional AHFP
Center for Registration of European European Ergonomist Eur.Erg.
Ergonomists (CREE) European Union
Stichting Registratie ergonomen (SRe), Registered Ergonomist Ree.
Netherlands
Society [Board for Certification of New Zealand [Certified New Zealand Ergonomist] [CNZErg]
Ergonomists (BCNZE)]
[Canadian College for the Certification [Canadian Certified Professional [CCPE]
of Professional Ergonomists (CCCPE)] Ergonomist]
[Ergonomist in Training:]
[Associate Ergonomist] [AE]
Professional Affairs Board (PAB) of the Registered Member of the Ergonomics M.Erg.S.
Ergonomics Society, U.K. Society (Professional Member)
Fellow of the Ergonomics Society FErg.S.
Practitioner of the Professional Register
Professional Affairs Board (PAB) of the Certified Professional [Ergonomist] [CPE]
[Human Factors and] Ergonomics
Society of Australia [(HFESA)]
Membership Subcommittee of the New Professional Member M.NZ.Erg.S

Zealand Ergonomics Society

“Programs are also in operation in France, Belgium, and Sweden, but information on these was unavailable at the time of
original publication.

Note: Brackets indicate updations.

Source: From Slappendel, C. 1994. Proceedings of the 12th Triennial Congress of the IEA, Toronto, ON, Canada. D. Jahns.
A Guide to Certification in Professional Ergonomics. CRC Press 1998. With permission.

Board of Certification in Professional Ergonomics (BCPE) as a valid and reliable certification organi-
zation. BCPE has also served informally as a consultant for certification efforts underway in Japan
and South Africa.

Similarly in Europe, the center for Registration of European Ergonomists (CREE) works with the ergo-
nomics societies of member countries in the European Union in evaluating and registering applicants for
the “Eur.Erg.” designation. The BCPE and CREE have a “reciprocity” agreement in place. As former
CREE President E. N. Corlett (personal communication, December 11, 1996) wrote: “Our policy at
the moment is to be linked with only one Registering body in each country. Because of our constitution,
this body has to have certain requirements, as laid out in the European Standard 45013 to which we
adhere. We have confirmed that BCPE fulfills these requirements.”

Further, the IEA, in an effort to establish professional practice standards for ergonomists around the
world, as well as harmonize ergonomic credentialing organizations on an international scale, has devel-
oped criteria and procedures for endorsing professional certifying bodies and programs. In 2001, the
BCPE became the first certification organization endorsed by the IEA, in accordance with the following
criteria (Criteria for IEA Endorsement, 2001):

1. The certifying body is acceptable to any relevant Federated Society.
2. The certifying body is national or international in scope.
3. The certifying body operates independently of any educational body or institute.
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TABLE 1.2 Criteria Applied in Certification Programmes
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Designation

Criteria

Recertification

[Certified Ergonomics Associate
(BCPE)]

[Canadian Certified Professional
Ergonomist (CCCPE)]

[Certified New Zealand Ergonomist
(BCNZE)]

Certified Professional Ergonomist/
Certified Human Factors
Professional (BCPE)

[Certified Professional Ergonomist
(HFESA)]

European Ergonomist (CREE)

Registered Ergonomist (SRe)

Registered Member of the Ergonomics

Society (a.k.a. Professional
Member)

[Bachelor’s degree from an accredited
university, plus 200 h of ergonomics
training, plus 2 yr of full-time
ergonomics practice, plus a passing
score on the CEA written
certification examination]

[Based on education and four years
experience, including one mentored
year, or education and five years
experience, or 10 yr of experience
(mature candidates)]

[At least 3 yr of academic formation in
any field of which the total amount
of education in ergonomics is at
least 1 year, plus at least 1 yr of
training, plus at least 2 yr of
experience]

Master’s degree in ergonomics (human
factors) or equivalent, plus 3 yr of
full-time professional practice in
ergonomics with emphasis on
ergonomic design, plus submission
of a work product, plus a passing
score on a written certification
examination

[Active membership in HFESA (or
other IEA Affiliated Society) for the
past 2 yr, plus completed an
education program which provides
a comprehensive set of ergonomics
competencies, plus expertise in
ergonomics demonstrated through
the provision of at least one major
work sample or supported by one or
more work samples or products of
smaller magnitude, plus a minimum
of four years of full-time practice in
HEF/E or the part-time equivalent]

At least 3 yr of academic formation in
any field of which the total amount
of education in ergonomics is at
least 1 yr, plus at least 1 yr of
training, plus at least 2 yr of
experience

Not specified, but are in line with
CREE criteria

At least 3 yr (or part-time equivalent)
in the practice of ergonomics, or
teaching or research of ergonomics
relevance since admission to the
Society, plus evidence of academic
achievements

[To be implemented in 2005; annual
maintenance fee]

[Annual maintenance fee plus the cost
of ACE “member” category
membership]

[Not required]

[To be implemented in 2005]; annual
[maintenance] fee

[Not required]

Registration is for a 5-yr period

Every 3 yr

Not required

(Table continued)
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TABLE 1.2 Continued

Designation

Criteria

Recertification

Fellow of the Ergonomics Society

Practitioner on the Professional
Register of the Ergonomics Society

Certified professional member of the
Ergonomics Society of Australia

Professional member of the New
Zealand Ergonomics Society

Registered Member for at least 6 yr
plus significant contribution to the
practice of, teaching of, or research
in ergonomics for a period of 10 yr
since becoming an Ordinary
Member plus substantial
contribution to the activities of the
Society

Must be a Registered Member of the
Society plus a minimum of 3 yr in
active practice during the preceding
year

A suitable qualification plus 3 yr full-
time equivalent experience in the
practice of ergonomics

A tertiary qualification in ergonomics,
or a qualification of which
ergonomics made up a substantial
portion of the course content, plus
experience in the practice of
ergonomics, or teaching or research
of ergonomics relevance

Not required

Every 3 yr

Required

Not required

Note: Brackets indicate updations.

Source: Slappendel, C. 1994. Proceedings of the 12th Triennial Congress of the IEA, Toronto, ON, Canada. D. Jahns. A Guide
to Certification in Professional Ergonomics. CRC Press 1998. With Permission.

4. The certifying body has a governing body comprised of certified ergonomists, which is impartial

and reflects the range of interests practiced by ergonomists.

5. The certifying body has a governing body responsible for the formulation of policy matters relat-

ing to the operation of the certifying body.
6. The certifying body clearly demonstrates the line of responsibility, the reporting structure and
the relationship between the assessment and certification functions.

O 0

. The certifying body is explicit about its legal status.

. The certifying body has the financial resources to conduct certification efficiently.
. The certifying body is operated on a nonprofit basis.

10. The certifying body is staffed by personnel who are knowledgeable about ergonomics and com-
petent in the functions for which they are employed to carry out.

11. The eligibility criteria used by the certifying body are clearly defined and include: specific refer-
ence to qualifications, supervised experience, professional experience in ergonomics and any
forms of evidence required for the certification process; are independent of whether a person

is a member of a relevant ergonomics society; are nondiscriminatory in terms of gender, ethni-
city, religion or physical status; are related to contemporary ergonomics theory and practice; and,

refer to requirements for recency of an individual’s practice.

12. The procedural information provided by the certifying body to applicants includes: literature
clearly outlining the formal procedures to be followed by the applicant in seeking certification;

the deadlines for applying for certification in any year; information on all fees relevant to the
process; the process used by the organization in evaluating the suitability of the applicant for cer-
tification; and, the standards of competency to be applied in all aspects of the review.
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FIGURE 1.1 Communication and actions among ergonomics societies and certification agencies. (From D. Jahns.
A Guide to Certification in Professional Ergonomics. CRC Press 1998. With permission.)

13.

14.

15.

16.

17.

The processes followed by the certifying body are documented properly in accordance with the
minimum IEA criteria for certification. They include: statements and rules relating to the current
process of certification and policies relating to the granting of certification and are reviewed
regularly to ensure their currency in relation to ergonomics practice; and, include a documented
appeal mechanism.

For those certifying bodies where an examination forms part of the review, the standards should
be relevant to current practice and should be clearly defined; mechanisms should exist to ensure
confidentiality of the examination and its outcomes; the form of evaluation should be a valid test
of the competencies assessed; and, methods used by the certifying body to test the reliability of
the assessment should be described.

When appointing certification personnel, the certifying body must have access to a pool of
qualified and competent certification personnel and to other facilities to carry out a certification
review initially and for recertification purposes; the certifying personnel must be competent in
the areas where they will make evaluations; maintain up to date information on relevant
qualifications, training and experience of certifying personnel; and, provide clear guidelines
relating to duties and responsibilities of certifying personnel.

The certifying body should have established processes for giving adequate feedback about
deficiencies to applicants who have not attained certification.

The certifying body should keep a record of all policies and regulations relating to its process;
keep a confidential record of details of each certification procedure followed for individual appli-
cants; publish an annual report, including reference to numbers of applicants and outcomes of
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the process; maintain an up to date register of those who have been certified, and make it acces-
sible to public; and, publish its financial statements annually.

The certifying body must have already established, or be developing, a recertification process.
That process should define the period of currency for any certification awarded and address cri-
teria relevant to the applicant’s competence in relation to contemporary practice in ergonomics.

The candidates for certification usually follow the pathways shown in Figure 1.1 (solid lines) by
contacting either the certification agency directly or by making inquiry to one of the IEA Federated
Societies, which then coordinates the certification procedures. Both BCPE and CREE have highly coor-
dinated “information exchanges” (dashed lines in Figure 1.1) with the IEA and selected, regionally-active
Federated Societies to harmonize the professional development of ergonomists. Interested readers can
contact the organizations listed in “For Further Information.” A general overview of BCPE certification
criteria and procedures follows for interested individuals.

1.2 BCPE Certification Requirements

1.2.1 Criteria for Certification

1.

CPE(Certified Professional Ergonomist)/CHFP(Certified Human Factors Professional). The
BCPE job/task analyses led to the following minimum criteria for certification at the CPE/
CHEP level:

+ A master’s degree in ergonomics or human factors, or an equivalent educational background in
the life sciences, engineering sciences, and behavioral sciences to comprise a professional level of
ergonomics education.

« Three years of full-time professional practice as an ergonomist with emphasis on design invol-
vement (derived from ergonomic analysis or ergonomic testing/evaluation).

» Documentation of education, employment history and ergonomic project involvement by
means of the BCPE “Application for Certification.”

+ A passing score on the CPE/CHFP written examination. (Note: A person who has graduated
from a HF/E degree program accredited by an IEA Federated Society, e.g., HFES, ES, is not
required to take Part-I of the exam).

+ Payment of all fees levied by the BCPE for processing and maintenance of certification.

. CPE/CHEFP by portfolio review. On September 5, 1996, the BCPE reinstated the portfolio review

process to accommodate senior ergonomics/human factors professionals. Individuals with at

least 15 yr of ergonomic work experience may apply for designation as a CPE or CHFP via port-

folio review if he or she:

« Has a master’s degree in ergonomics or human factors, or an equivalent educational back-
ground in the life sciences, engineering sciences and behavioral sciences to comprise a profes-
sional level of ergonomics education.

« Hasatleast 15 yr of ergonomic work experience, which emphasizes design involvement (derived
from ergonomic analysis or ergonomic testing/evaluation).

» Documents his or her education, employment history, publications, work experience, and ergo-
nomic project involvement by means of the BCPE “Application for CPE/CHFP by Portfolio.”

+ Pays all fees levied by BCPE for processing and maintenance of certification.

. AEP(Associate Ergonomics Professional)/AHFP(Associate Human Factors Professional). On

March 26, 1995, the BCPE created an interim or transient Associate category of certification.
An individual with the AEP [AHFP] designation is considered to be an “ergonomist in training”
who has 6 yr to complete 3 full-time yr of work experience and transition to the higher CPE
[CHFP] designation. A person takes the basic knowledge portion (Part-I) of the CPE [CHFP]
exam immediately after fulfilling the education requirement for CPE [CHFP] certification
(Note: A person who has graduated from a HF/E degree program accredited by an IEA Federated
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Society, e.g., HFES, ES, is not required to take Part-I of the exam). Parts I and III of the exam may

be taken after fulfilling the other CPE [CHFP] requirements.

CEA(Certified Ergonomics Associate). On April 17, 1998, the BCPE established a technical level of

certification to meet the growing need for certified ergonomists who use commonly accepted tools

and techniques for analysis and enhancement of human performance in existing systems, but they

are not required to solve complex and unique problems, develop advanced analytic and measure-

ment technologies, provide a broad systems perspective, or define design criteria and specifica-

tions. The minimum criteria for designation as a CEA are:

« A bachelor’s degree from an accredited university.

+ At least 200 contact hours of ergonomics training.

 Two years of full-time practice in ergonomics.

« Documentation of education, employment history and work experience by means of the BCPE
“Application for CEA Certification.”

« A passing score on the CEA written examination.

 Payment of all fees levied by the BCPE for processing and maintenance of certification.

1.2.2 Procedures for Certification

1.

3.

4.

Request application materials from the Online Store of the BCPE web site at www.bcpe.org, by

phone at 888-856-4685, or by sending a check of U.S. $10 to:

BCPE

PO Box 2811

Bellingham WA 98227

Application materials consist of three or four pages of instructions and four or seven pages of

forms to be filled out by the applicant. These include:

Section A — Personal data

Section B — Academic qualifications

Section C — Employment history (CPE/CHFP); ergonomics training hours (CEA)

Section D — Work experience in ergonomic analysis, design, and testing/evaluation
(CPE/CHFP); employment history (CEA)

Section E — Work product description (CPE/CHFP)

Section F — Signature and payment record

The candidate completes the application and submits it with (1) the appropriate processing and

examination fee, (2) an official academic degree transcript, and (3) CPE/CHFP only, a work

product (article/technical report/project description/patent/application, etc.).

A review panel evaluates all submitted materials and makes a recommendation whether or not the

applicant qualifies to take the written examination.

The qualified applicant may take the written examination anytime during his or her 2-yr eligibility

period. Certification is awarded upon receipt of a passing score on the examination.

The nonqualified applicant has up to 2-yr after his or her application is received to correct any
deficiencies or missing elements and to take the written examination. If certification is not awarded
during the 2-yr eligibility period, the applicant is required to reapply for certification.

1.2.3 Examination Administration

Applicants who have demonstrated eligibility for the examination will be notified regarding the date and
location of the next examination approximately 2 months prior to the testing date. The examination,
requiring a full day for CPE [CHFP] candidates and 4 hr for CEA candidates, will generally be scheduled
for the spring and fall, and is usually offered as an adjunct to the meetings of ergonomics-related
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professional societies and associations. Qualified applicants needing accommodations in compliance
with the Americans with Disabilities Act (ADA) are asked to specify their accommodation needs to
the BCPE prior to signing up for the examination.

1.2.4 Scoring Methods

A panel of BCPE certificants with expertise in psychometrics determines the method of establishing
passing scores to be used for the examination. Passing scores are established to ensure the candidate’s
mastery of the knowledge and skills required for the related level of ergonomics practice. The BCPE
will periodically review, evaluate, and, as necessary, revise the examination and scoring to assure that
valid and reliable measures of requisite performance capability for ergonomics practice are maintained.

1.2.5 Retaking the Examination

Candidates who do not pass the examination may retake the examination up to three times during their
2-yr eligibility period. A 6-month waiting period is required between successive exam attempts. A
reduced examination fee is assessed for each retake attempt.

1.2.6 Written Examination Approximate Weighting of Subject Areas

1. Methods and Techniques (M&T) 30%

2. Design of Human—Machine Interface (DHMI) 25%

3. Humans as Systems Components (Capabilities/Limitations) (HSC) = 25%

4. Systems Design and Organization (SDO) 15%

5. Professional Practice (PP) 5%
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The panel’s effort to evaluate the scientific basis for a relationship between work factors and musculo-
skeletal disorders of the back and upper extremities required comprehensive reviews of the epidemiologic
literature. For each of the two anatomical regions, reviews of the physical and the psychosocial factors
were undertaken. Referring back to Figure 1.2, the review of the epidemiologic evidence addresses
several components. The workplace factors considered include all three main elements and their relation-
ship to the person. The person is considered in terms of the several outcomes reported in these studies,
while adjusting or stratifying for the individual factors that are relevant.

2.1 Methods

2.1.1 Criteria for Selection and Review of Articles

In planning for this process, the panel set a number of criteria specific to the task of selecting articles for
the epidemiology review:

« Both the exposed and the nonexposed (or comparison) populations are clearly with explicit
inclusion and exclusion criteria. It is evident why subjects who were studied were eligible and
why those not studied were ineligible.

« The participation rate was 70% or more.

« Health outcomes relate to musculoskeletal disorders of the low back, neck, and upper extremities
and were measured by well-defined criteria determined before the study. The health outcomes

*Reprint from NRC book.
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studied are carefully defined so that it is evident how an independent investigator could identify the
same outcome in a different study population. Outcomes are measured either by objective means
or by self-report. For self-reported outcomes, however, there are explicit criteria for how the data
were collected and evidence that the collection method would permit another investigator to repeat
the study in another population.

« The exposure measures are well defined. Self-report of exposure is acceptable so long as the method
of collecting self-reports was well specified and there was evidence that the self-reports were reliable
reflections of exposures. Job titles as surrogates for exposure were acceptable when the exposure of
interest was inherent in the job (e.g., vibration exposure for those operating pneumatic chipping
hammers).

« The article was published in English.

 The article was peer reviewed.

+ The study was done within the last 20 yr (preferably).

No specific limitations were placed on study designs acceptable for consideration. The advantages of
prospective studies, however, were recognized. For example, there were sufficient prospective studies of
low back pain to examine these separately among the studies of physical factors and exclusively among
the studies of psychosocial factors.

2.1.2 Literature Search Methods

The literature reviews were conducted using computer-based bibliographic databases, with MEDLINE
(National Library of Medicine, U.S.A) a component of all searches. Additional databases included:
NIOSHTIC (National Institute for Occupational Safety and Health, U.S.A), HSELINE (Health and
Safety Executive, U.K), CISDOC (International Labour Organization, Switzerland), Ergoweb (Internet
site of the University of Utah), Psychinfo, Oshrom, Ergonomics Abstracts, and ArbLine (National Insti-
tute for Working Life, Sweden).

The bibliographies of articles (particularly review articles) and the NIOSH comprehensive review
(Bernard, 1997b) were examined to identify additional relevant articles.

Using these sources, a candidate list of articles were established and then systematically screened to
determine which ones met the strict criteria, described above, for inclusion in the review. Each
process reduced the list substantially. For physical work factors studied in association with back dis-
orders, 255 studies were initially identified as relevant and 41 met the selection criteria and were
reviewed. For psychophysical factors and back disorders, the search resulted in 975 references, which were
then reduced to 21 work-related risk factor studied and 29 individual risk factor studies. For work-related
physical factors and upper extremity disorders, the initial list of 265 references was reduced to 13 that
provided direct and 29 that provided indirect measures of exposure. For psychophysical factors and
upper extremity disorders, the initial 120 references were reduced to 28.

2.1.3 Analysis of Study Results
2.1.3.1 Definition of Measure: Relative Risk

In epidemiology, the relative risk is a measure of the strength of an association, here meaning the relation-
ship between the frequency of an exposure and the occurrence of an outcome (e.g., amount of vibration
and incidence of back pain). Because human populations typically have a variety of exposures occurring
in near proximity, relative risk is typically measured as the incidence of disease in the exposed (e.g., heli-
copter pilots who experience vibration) and the incidence of disease in the unexposed (similar people,
like ground crews, who are considered to share nearly the same other exposures as the exposed, such
as recreational activities, diet, and living conditions). The ratio of incidence provides a measure of associ-
ation, and the higher this ratio of incidence (the relative risk), the stronger the association, the more con-
fidence we can place in a conclusion that the association is meaningful.
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Because incidence is a rate calculated by following people over time, and many studies are cross-sec-
tional or retrospective (case-control), other measures, such as the prevalence ratio and the odds ratio, have
been developed to summarize the association between exposure and outcomes for these other study
designs. Our analysis focused on associations expressed by such risk estimates as the odds ratio and
the relative risk. These estimates were retrieved from the original article or calculated when sufficient
raw data were presented.

2.1.3.2 Definition of Measure: Attributable Risk

The attributable risk is another measure used to help generate inferences. In its simplest form, it is the
difference between the incidence in those exposed and those unexposed — a risk difference. This risk
difference is thought of as attributable risk in that, in theory, removing this exposure entirely would
reduce the frequency of the outcome to the level of those who are unexposed. Rotham and Greenland
(1998a, b) discuss some of the limitations of this simple assumption. Attributable risk is often calculated
as a ratio rather than a difference: risk in the exposed is divided by risk in the unexposed, producing an
attributable fraction. The attributable fraction is the proportion by which the rate of the outcome among
the exposed would be reduced if the exposure were eliminated. This fraction is calculated as the ratio of
(RR — 1)/RR, where RR is the relative risk or the prevalence ratio of risk in the exposed compared with
the unexposed:

AF, = (RR — 1)/RR (2.1)

The attributable fraction helps scientists and policy makers recognize that in many cases a variety of
factors contribute to the total incidence of a disease or other outcome, so that removal of an exposure
typically does not reduce the outcome rate to zero. However, in its simplest form, the attributable risk
is a measure that suggests that if the offending exposure were removed (by intervention or regulation),
then the amount of disease outcomes would be estimated to be reduced by the calculated amount. As is
noted in the following para, this simple summary is enmeshed in caveats.

It is important to recognize in this calculation that the result depends on what is included. This is, if
one considers a calculation of one factor as it relates to an outcome and then performs a separate calcu-
lation for another factor for the same outcome, there is overlapping (correlation) between factors that
could make the sum of the two separate factors sum to more than 100%. Attributable fraction, then,
represents a crude but important estimation of the impact of control of risk factors. An estimate of
the attributable fraction for a multifactorial disease such as a musculoskeletal disorder provides only
an estimate of the relative importance of the various factors studied. It is not, and cannot be, considered
a direct estimate of the proportion of the disease in the population that would be eliminated if only this
single factor was removed (Rotham and Greenland, 1998a). Rather it provides guidance to the relative
importance of exposure reduction in those settings in which the exposure under study is prevalent. Con-
sequently, we have not attempted to rank or further interpret the findings for attributable fractions and
have chosen only to report them as a rough guide to the relative importance of the factors in the study
settings in which they have been examined.

In this review, the relative risk in longitudinal studies and the prevalence or odds ratio in cross-
sectional surveys were used to calculate the attributable fraction for the risk factors studied. For
example, if workers exposed to frequent bending and twisting have a prevalence of low back pain that
is three times that of those not exposed, then among the exposed the attributable fraction will be:

AF, = (3-1)/3=0.67 (2.2)

By this hypothetical calculation, 67% of low back pain in the exposed group could be prevented by
eliminating work that requires bending and twisting.
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2.1.3.3 Confounding

None of the musculoskeletal disorders examined in this report is uniquely caused by work exposures.
They are what the World Health Organization calls work-related conditions. “Work-related diseases
may be partially caused by adverse working conditions. They may be aggravated, accelerated, or exacer-
bated by workplace exposures, and they may impair working capacity. Personal characteristics and other
environmental and socio-cultural factors usually play a role as risk factors in work-related diseases, which
are often more common than occupational diseases” (World Health Organization, 1985).

In Chapter 3 we note that the epidemiologic study of causes related to health outcomes such as mus-
culoskeletal disorders requires careful attention to the several factors associated with the outcome.
The objective of a study will determine which factor or factors are the focus and which factors
might “confound” the association. In the case of musculoskeletal disorders, a study may have as its
objective the investigation of individual risk factors. Such a study, however, cannot evaluate individual
risk factors effectively if it does not also consider relevant work exposures; the work exposures are
potential confounders of the association with individual risk factors. Conversely, a study that evaluates
work exposures cannot effectively evaluate these factors if it does not also consider relevant individual
risk factors; the individual risk factors are potential confounders of the association with work
exposures.

Therefore, when studying the relationship of musculoskeletal disorders to work, it is necessary to con-
sider the other known factors that cause or modify the likelihood that the disorder will occur, such as
individual factors and nonwork exposures. For example, the frequency of many musculoskeletal
disorders is a function of age, so age has to be taken into account before attributing a musculoskeletal
disorder to a work exposure. Another common concern is whether a recreational exposure accounts
for an outcome that otherwise might be attributed to work.

In every epidemiologic study, confounders need to be measured and, when relevant, included in
the data analysis. The confounders selected for consideration in the analysis of data from a specific
study depend on the types of exposures studied, the types of outcomes measured, and the detail on
potential confounders that can be accurately collected on a sufficient number of the study subjects. As
a consequence, our approach to reviewing epidemiologic studies of work and musculoskeletal dis-
orders documented the attention given to a wide range of potential confounders (see the panel’s
abstract form in Figure 2.1). No study can measure every possible confounder; however, the
papers included by the panel were judged to have given adequate attention to the primary individual
factors that might have confounded the work exposures under study. These include in particular age
and gender, as well as, when necessary and possible, such factors as obesity, cigarette smoking, and
comorbid states.

The role of potential confounders in epidemiologic studies and their proper management is often con-
fusing to the nonepidemiologist. The difficulty stems from the fact that the potential confounder is often
known to be associated with the disease, in this case musculoskeletal disorders. The association of a risk
factor such as age with the disease, however, does not make it a true confounder of the study’s examin-
ation of a separate risk factor such as work exposures. True confounding occurs only when, for example,
both the risk factors being studied (age and work exposures) are associated with the outcome (muscu-
loskeletal disorders) and the two risk factors are also correlated (e.g., those with more work exposure are
also older). Fortunately, as noted in Chapter 3, there are statistical methods available to manage con-
founding that provide a way to “separate,” in this example, the effects of the work exposure from the
effects of age.

The panel recognizes that a number of nonwork factors are associated with or also cause the muscu-
loskeletal disorders under study. These were not separately studied, but they were considered, as necess-
ary, to evaluate the significance of the work factors that were studied. In our judgment, it is evident that
confounding alone is highly unlikely to explain the associations of musculoskeletal disorders with work
that are noted. More detailed consideration of confounding in future studies, however, should further
improve the precision and accuracy of risk estimates.
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Described Used in Analysis Does Not Vary
O Age O O |
O Gender O O O
O Body mass index O O O
O Weight O O O
O Height O O O
O Smoking d d O
U Marital status O O ]
0O Income (| (| ]
U Educational status O O ]
[0 Comorbid states O O |
U Hormone-related conditions 0 0 d
(e.g., pregnancy)
O Strength or capacity O O |
O Race g g d
[J Workers’ compensation policies O O |
U Nonoccupational exposure (] (| (]

factors
Methods used to control confounding:

O Matching

O Stratification

O Standardization

[J None

U Regression

[0 Other:
Consideration of interactions:

0 Interaction between different types of work exposures
O Interaction between work exposures and nonwork exposures/cofactors

FIGURE 2.1 Individual Factors Considered in Analyses Form Used in Describing Studies Included in the Review.

2.1.4 Measures of Workplace Exposures
2.1.4.1 Physical Exposures

The measures of physical exposures investigated include force, repetition, posture, vibration, and
temperature. Available approaches for estimating exposure to these physical stressors include worker
self-report, bioinstrumentation, and direct observation. The optimal choice among methods depends
on characteristics of the methods as well as of the jobs under study. Job exposure can be considered
as a weighted sum of the different task-specific exposures that make up the job, with weights
coming from task distributions (Winkel and Mathiassen, 1994). Each of the two components —
exposures in each task and the relative frequency of each task — must be estimated. Workers with
the same job title may have different exposure levels because of between-worker variability in either
the duration and distribution of task within jobs or the exposures with tasks. Furthermore, job title
may indicate homogenous exposure groups for some stressors, such as repetitiveness and force
demands, while other features such as posture may vary widely among workers in the same job
(e.g., Punnett and Keyserling, 1987; Silverstein et al., 1987). In highly routinized or cyclical work,
such as that at a machine-paced assembly line, without job rotation there is only one task, the short
duration and regularity of which make the exposure determination a relatively simple problem. In con-
trast, in nonroutinized work, such as construction and maintenance, determination of task distri-
butions over an extended period of time may be a more difficult undertaking. As jobs become less
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routinized, that is, less predictably structured, valid estimation of both task distributions and task-
specific exposures becomes increasingly challenging.

Typically, both observational and direct measurement techniques generate highly detailed,
accurate exposure analyses for a relatively short period of elapsed time in each job. Most protocols
for these methods assume that the work is cyclical, with little variability over time, so that it is reasonable
to measure exposures for a short period and extrapolate them to the long term. But many jobs do not fit
this model: they are not comprised of work cycles, or the cycles are highly variable in their total duration
or content (the number or sequence of steps that comprise each cycle) and do not account for all of
the work performed by an individual with any given job title. For these jobs, it would be infeasible
to undertake continuous measurements for entire cycles as an exposure assessment strategy,
because either there are no cycles, or a very large number of (long) cycles would have to be recorded
in order to quantify accurately the total and average duration of exposures. With short measuring
times, the data collected are of uncertain representativeness because these time periods do not match
the duration of exposures that are thought to be relevant for the development of musculoskeletal
disorder.

A versatile alternative for estimating physical exposures is the use of data collected directly from
workers. Such reports may address both task-specific exposures within jobs and the distributions of
tasks performed by each worker. In addition to being time-efficient, self-reports permit assessment of
exposures in the past as well as the present and may be structured with task-specific questions or orga-
nized to cover the job as a whole. Some researchers have explicitly recommended a composite approach
to the analysis of nonroutine jobs, in which task-specific exposures are measured directly and the tem-
poral distribution (frequency and duration) of each task is obtained from self-report. Self-reported data
can take various forms, including duration, frequency, and intensity of exposure. In some studies, absol-
ute ratings have agreed well with observations or direct measurements of the corresponding exposures,
while others have diverged significantly, especially with use of continuous estimates or responses that
required choices among a large number of categories (e.g., Burdorf and Laan, 1991; Faucett and
Rempel, 1996; Lindstrom, et al., 1994; Rossignol and Baetz, 1987; Torgén et al., 1999; Viikari-Juntura,
1996; Wiktorin et al., 1993).

Retrospective recall of occupational exposures has been frequently employed in studies of musculos-
keletal disorders, but there are few data on the reproducibility of such information. Three studies have
examined the potential for differential error (i.e., information bias) in self-reported exposure with respect
to musculoskeletal disorders with mixed results; some risk estimates were biased away from the null
value, some toward it, and others not at all (Torgén et al., 1999; Viikari-Juntura, 1996; Wiktorin et al.,
1993). In the REBUS' study follow-up population, Toomingas et al. (1997a) found no evidence that indi-
vidual subjects systematically overrated or underrated either exposures or symptoms in the same direc-
tion. Self-reported exposures have promise, but their validity depends on the specific design of the
questions and response categories.

A variety of instrumentation methods exist for direct measurement of such dimensions as muscle force
exertion (electromyography), joint angles and motion frequency (e.g., electrogoniometry), and vibration
(accelerometers). For example, the goniometer has been used in a variety of studies of wrist posture,
including field assessments of ergonomic risk factors (Moore et al., 1991; Wells et al., 1994), comparisons
of keyboard designs (Smutz et al., 1994), and clinical trials (Ojima et al., 1991). Hansson et al. (1996)
evaluated the goniometer for use in epidemiologic studies, and Marras developed a device for measuring
the complex motion of the spine (Marras, 1992). While many consider these methods to represent col-
lectively the standard for specific exposures, each instrument measures only one exposure, and usually
only at one body part. When multiple exposures are present simultaneously and must be assessed at

'In the original REBUS study conducted in 1969, participants were asked to complete a questionnaire regarding
health status — all selected were given a medical examination. A diagnosis of musculoskeletal disorder required
signs and symptoms. The follow-up study, conducted in 1993, asked the younger participants in the original
REBUS study to participate in a re-examination.
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multiple body parts, the time required to perform instrumented analyses on each subject may limit their
applicability to epidemiologic research (Kilbom, 1994). Another practical concern is the potential
invasiveness that may interfere with job performance, alter work practices, or reduce worker cooperation.
Thus, there is a trade-off between the precision of bioinstrumentation and the time efficiency and flexi-
bility of visual observation and worker self-report. As discussed in Chapter 6, gross categorical exposure
measures (e.g., >10 kg vs. <10 kg) used in epidemiologic studies may limit the possibility of observing
an exposure—risk relationship; a continuous measure based on bioinstrumentation might make such a
relationship more apparent. Thus, their high accuracy (for the period of measurement) gives these
methods utility for validating other methods on population subsets and added value when they can
be applied in epidemiologic studies.

A large number of observational methods for ergonomic job analysis have been proposed in the last
two decades (see Kilbom, 1994). These include checklists and similar qualitative approaches to identify
peak stressors (e.g., Keyserling et al., 1993; Stetson et al., 1991). The limitation with checklists is that they
provide little information beyond the presence or absence of an exposure, with a possibly curde estimate
of the exposure duration. The qualitative approaches are not likely to provide sufficient detail to effec-
tively assess exposure for epidemiologic studies.

The most common observational techniques used to characterize ergonomic exposures are based on
either time study or work sampling. Both of these techniques require a trained observer to characterize
the ergonomic stressors. Methods based on time study (e.g., Armstrong et al., 1982; Keyserling, 1986) are
usually used to create a continuous or semi-continuous description of posture and, occasionally, force
level. Therefore, changes in the exposure level, as well as the proportion of time a worker is at a given
level, may be estimated. Because methods based on time study tend to be very time intensive, they are
better suited to work with fairly short and easily definable work cycles. A different approach, work
sampling, involves observation of worker(s) at either random or fixed, usually infrequent, time intervals
and is more appropriate for nonrepetitive work (e.g., Karhu et al., 1977; Buchholz et al., 1996). Obser-
vations during work sampling provide estimates of the proportion of time that workers are exposed to
various stressors, although the sequence of events is lost. Though less time intensive than time study,
work sampling still requires too much time for use in an epidemiologic study, especially one that
employs individual measures of exposure.

There are also a few highly detailed, easily used observational analyses for use as an exposure assess-
ment tool in an epidemiologic study. These methods employ subjective ratings made by expert observers.
For example, Rodgers (1988, 1992) has developed methods based on physiological limits of exposure that
rate effort level, duration, and frequency. The method developed by Moore and Garg (1995) employs
ratings similar to those of Rodgers and adds posture and speed of work ratings. Moore and Garg’s
strain index is designed to estimate strain for the distal upper extremity. It is the weighted product of
six factors placed on a common five-point scale (subjective ratings of force, hand /wrist posture, and
speed of work and measurement of duration of exertion, frequency of exertion, and duration of task
per day). The strain index is a single priority score designed to represent risk for upper extremity mus-
culoskeletal disorders and is conceptually similar to the lift index for low back disorders. The lift index
was developed as part of the revised NIOSH lifting equation (Waters et al., 1993) and is the ratio of the
load lifted and the recommended weight limit.

Recently, Latko et al. (1997) developed a method employing visual analog scales for expert rating of
hand activity level (called HAL). The method has also been generalized to assess other physical stressors,
including force, posture, and contact stress (Latko et al., 1997, 1999). The HAL employs five verbal
anchors, so that observers can rate the stressors reliably. In an evaluation, a team of expert observers
comes to a consensus on ratings for individual jobs. These ratings correlated well with two quantitative
measures, recovery time/cycle and exertions/second, and are found to be reliable when compared with
ratings of the same jobs 1.5-2 yr later (Latko et al., 1997).

In sum, there are many methods for assessment of ergonomic exposures. The challenge for ergo-
nomists and epidemiologists is to determine a method for characterizing the level of exposure that is
efficient enough to permit analysis of intersubject and intrasubject variability across hundreds of subjects
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and that can also produce exposure data at the level of detail needed to examine etiologic relationships
with musculoskeletal disease. The HAL, as developed by Latko, is easy to apply and has proven to be
predictive of the prevalence of upper extremity musculoskeletal disorders in cross-sectional studies.

2.1.4.2 Psychosocial Exposures

Measures of psychosocial exposures reported in the literature are obtained through the use of various
self-report surveys. These surveys are typically presented to subjects in a paper format in which the
subject is requested to complete a series of questions. These survey tools typically comprise multiple
scales used to assess psychosocial risk factors. Many of these measures assess the construct of interest
using a continuous scale of measurement, by which it is possible to provide a measure of exposure in
terms of degree, and not simply whether it was present or absent. Response items vary depending on
the scale and typically range from 0 to 5, 0 to 7, or 0 to 10, with options anchored so that the respondent
has a frame of reference for various responses.

Some measures are standardized, well-developed, self-report tools whose psychometric properties
(reliability and validity) have been established based on past research, while other items or scales were
developed for the purposes of single study. Currently, all scales used are self-report. Depending on the
length of the survey, the time for completion can range from 10 min to several hours. It is rare that the
perceptions reported by the respondent are corroborated by an independent assessment tool or process
(e.g., supervisor or coworker evaluations or direct observation of a workplace). Although it can be
helpful to assess such independently collected information to support workers’ reports of their sense or
opinions of their environments, perceptions are, by their nature, best collected through self-report.

The most common work-related psychosocial constructs measured in the epidemiologic literature
include: job satisfaction, mentally demanding work, monotony, relationships at work that include co-
worker and supervisor support, daily problems at work, job pressure, hours under deadline per week,
limited control over work, job insecurity, and psychological workload (a composite of a number of sub-
items that include stress at work, workload, extent of feeling tired, feeling exhausted after work, rest break
opportunities, and mental strain),

The job content questionnaire (JCQ) is an example of a workplace psychosocial measure whose
measurement properties are well defined; it has been used frequently in the psychosocial epidemiology
literature. The JCQ comprises three key measures of job characteristics: mental workload (psychological
job demands), decision latitude, and social support (Karasek, 1985). Decision latitude is based on the
worker’s decision authority and the worker’s discretion over skill use — that is, the worker’s ability to
control the work process and to decide which skills to utilize to accomplish the job. Psychological job
demands reflect both physical pace of work and time pressure in processing or responding to infor-
mation. In the Karasek and Theorell model (1990), high psychological job demands in combination
with low decision latitude result in residual job strain and, over time, chronic adverse health effects.
The JCQ, as an instrument for measuring such strain, has been shown to be highly reliable and has
been validated as a predictor, in numerous countries and industrial sectors, of increased risk of cardio-
vascular morbidity (Karasek and Theorell, 1990; Karasek et al., 1998; Kawakami et al., 1995; Kawakami
and Fujigaki, 1996; Kristensen, 1996; Schwartz et al., 1996; Theorell, 1996).

2.1.5 Measures of Musculoskeletal Disorder Qutcomes

The epidemiologic literature on the relationship between exposure to physical and psychosocial risk
factors and the development of musculoskeletal disorders in the workplace focuses on four major
types of outcomes. Two outcomes rely on patient self-report (symptoms and work status), and two
rely on sources independent of the patient (evaluation by a clinician and review of workplace or insur-
ance records). Table 2.1 summarizes the outcomes assessed in 132 epidemiologic studies. These do not
include the 29 upper extremity studies that provided indirect measures of exposure.

Self-report symptom measures were the most common outcomes, with 61 studies assessing presence of
symptoms (usually nonstandardized questionnaires asking about prevalence or incidence), 19 studies



TABLE 2.1 Outcome Measures in Epidemiologic Studies of Work and Back and Upper Extremity Musculoskeletal Disorders

Self-Report Work

Self-Report Symptoms Status Clinical Evaluation® Records
Number of Sick Return to Visit Physical Sick Return to

Risk Factor and Body Region Studies Present Severityb Disability Days Work Only Exam Tests Claim Days Work
Phychosocial — back

Work-related factors (longitudinal) 21 6 5 2 2 4 2 3 4 1

Individual factors (longitudinal; 29 9 8 6 2 6 1 1 1

not including studies above)
Psychosocial — upper extremities

All factors (cross-sectional) 25 13 6 1 8

All factors (longitudinal) 3 1 2
Physical — back

Workers only (cross-sectional) 21 21

Community (cross-sectional) 9 7 1 1

Workers (longitudinal) 7 2 4 1

Workers (case-control) 4 1 1 2
Physical — upper extremities

Workers (cross-sectional) 13 2 7 4
Total® 132 61 19 9 4 10 3 22 4 9 5 2

Studies are counted only once regarding clinical evaluation; some studies simply noted that a clinical visit occurred; some further specified that a physical examination was performed; and
some also noted that diagnostic tests were done.

PSeverity usually measured with standardized pain or symptom severity measure.

“The total number of specific outcomes exceeds the number of studies (i.e., 132), since some studies assessed multiple outcomes.

Source: Reprinted with permission from NACS (Musculoskeletal Disorders and the workplace. Low Back and Upper Extremities (© 2001 by the National Academy of Sciences, Courtesy of
the National Academics Press, Washington, D.C.)
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assessing symptom severity (often with standardized pain and symptom questionnaires), and 9 studies
assessing symptom-related disability. A total of 14 studies assessed the self-reported effect of the muscu-
loskeletal disorder on work status, either as number of sick days (n = 4) or return (or nonreturn) to work
(n = 14). Formal clinical evaluation constituted an outcome in 29 studies, most of which relied on a
physical examination by a physician or other health care professional (e.g., physical therapist). Diagnostic
tests such as x-rays or nerve conduction studies were a standard outcome in only a few studies. Infor-
mation obtained from records constituted an outcome in 16 studies, including claims data, sick days,
or return to work. The predominance of symptoms as an outcome is inherent in the nature of muscu-
loskeletal disorders, which are primarily defined by pain or other symptoms. Indeed, the results of phys-
ical examination and diagnostic tests may be normal in a large proportion of individuals with
musculoskeletal disorders.

There were a greater number of high-quality studies related to back pain than to upper extremity
musculoskeletal disorders. More of the back pain studies were longitudinal rather than cross-sectional,
providing stronger evidence for a potentially causal relationship between particular risk factors and
back disorders. A greater proportion of upper extremity musculoskeletal disorder studies used clinical
evaluation as an outcome.

2.2 Results

2.2.1 Work-Related Physical Factors
2.2.1.1 Back Disorders

The scientific literature on work-related back disorders was reviewed to identify those risk factors of
physical load that are consistently shown to be associated with back disorders and to determine the
strength of their associations. A total of 43 publications were selected that provided quantitative infor-
mation on associations between physical load at work and the occurrence of back disorders. These risk
factors were found significant in almost all of the studies: lifting and carrying of loads in 24 of the 28 in
which it was studied, whole-body vibration in 16 of the 17, frequent bending and twisting in 15 of the 17,
and heavy physical work in all 8 in which this factor was studied. The following significant findings are
summarized from these studies: for lifting and carrying of loads, risk estimates varied from 1.1 to 3.5, and
attributable fractions were between 11 and 66% for whole-body vibration, risk estimates varied from 1.3
to 9.0, with attributable fractions between 18 and 80%; for frequent bending and twisting, risk estimates
ranged from 1.3 to 8.1, with attributable fractions between 19 and 57%; and for heavy physical work, risk
estimates varied from 1.5 to 3.7, with attributable fractions between 31 and 58%. Appendix Table 2.1,
Appendix Table 2.2, Appendix Table 2.3, and Appendix Table 2.4 provide the detailed findings in the
43 publications selected in this review. Three publications are not included in these tables because
they did not present any significant association (Hansen, 1982; Lau et al., 1995; Riihiméki et al., 1994).

The evidence on static work postures and repetitive movements is not consistent. The characteristics of
the studies have some impact on the magnitude of the risk estimate, but these characteristics do not
explain the presence or absence of an association. Table 2.2 provides a compilation of results from all
studies in terms of the importance of each general type of exposure.

Study designs affect these findings. Studies with small samples tend to have higher risk estimates,
which may be an indication of publication bias. Due to power considerations, in smaller studies the
effect of a risk factor needs to be larger in order to reach the level of statistical significance. Hence, the
evaluation of the magnitude of a particular risk factor should take into account the sample size.

Case-control studies (Appendix Table 2.4) reported higher risk estimates than cross-sectional studies
(Appendix Table 2.1 and Appendix Table 2.2) for manual material handling and frequent bending and twist-
ing. An explanation may be that in case-control study design, recall bias (by subjects of exposure) is stronger
than in cross-sectional studies, since there was usually a long period between exposure and recall. However,
the case-control study with the highest risk estimate was based on observations at the workplace.
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TABLE 2.2 Summary of Epidemiologic Studies with Risk Estimates of Null and Positive Associations of Work-
Related Risk Factors and the Occurrence of Back Disorders

Risk Estimate

Null Association® Positive Association Attributable Fraction (%)
Work-Related Risk Factor n Range n Range n Range
Manual material handling 4 0.90-1.45 24 1.12-3.54 17 11-66
Frequent bending and twisting 2 1.08-1.30 15 1.29-8.09 8 19-57
Heavy physical load 0 8 1.54-3.71 5 31-58
Static work posture 3 0.80-0.97 3 1.30-3.29 3 14-32
Repetitive movements 2 0.98—1.20 1 1.97 1 41
Whole-body vibration 1 1.10 16 1.26—9.00 11 18-80

Notes: n = number of associations presented in epidemiologic studies. Details on studies are presented in Appendix
Table 2.1 Appendix Table 2.2, Appendix Table 2.3 and Appendix Table 2.4.

“Confidence intervals of the risk estimates included the null estimate (1.0). In only 12 of 16 null associations was the
magnitude of the risk estimate presented.

Source: Reprinted with permission from NACS (Musculoskeletal Disorders and the workplace. Low Back and Upper
Extremities © 2001 by the National Academy of Sciences, Courtesy of the National Academics Press, Washington, D.C.)

In general, risk estimates in community-based surveys (Appendix Table 2.2) were smaller than those
in cross-sectional studies in occupational populations (Appendix Table 2.1). A reasonable explanation is
that contrast in exposure is less in community-based studies that survey a large variety of jobs. In various
cross-sectional studies, contrast in exposure has played a role in the selection of subjects.

Multivariate analyses with more than two confounders showed smaller risk estimates (see, e.g., the
longitudinal study by Smedley et al., 1997) than statistical analyses with just one or two confounders
(see, e.g., the longitudinal studies by Gardner et al., 1999; Kraus et al., 1997; Strobe et al., 1988 and
Venning et al., 1987). For lifting as a risk factor, this difference was statistically significant, with
average risks of 1.42 and 2.14. Most studies have adjusted only for a limited number of potential
confounders.

In addition to study design issues, some of the differences in findings appear related to the different
ways exposure was measured. For manual material handling, the seven studies with observations and
direct measurements showed a significantly higher risk estimate than the 21 studies based on question-
naires, with average risk estimates of 2.42 and 1.86, respectively. This finding may be explained by larger
misclassification of exposure in questionnaire studies, or by larger contrast in exposure in studies that
used actual workplace surveys to determine exposure levels. In general, questionnaire studies showed
associations between physical load and back disorders similar to those shown in studies that represented
much more detailed exposure characterization. Therefore, the information from these questionnaire
studies provides useful corroborating evidence.

The magnitude of the risk estimate could not be evaluated in relation to the contrast in exposure, since
exposure parameters were not very comparable. Some studies have used reference groups (low exposure)
that may nonetheless have had measurable exposure to physical load in other studies.

This review concludes that there is a clear relationship between back disorders and physical load
imposed by manual material handling, frequent bending and twisting, physically heavy work, and
whole-body vibration. Although much remains to be learned about exposure-outcome relationships
(see Chapter 3), the epidemiologic evidence presented suggests that preventive measures may reduce
the exposure to these risk factors and decrease the occurrence of back disorders (see Chapter 6).
However, the epidemiologic evidence itself is not specific enough to provide detailed, quantitative guide-
lines for design of the workplace, job, or task. This lack of specificity results from the absence of exposure
measurements on a continuous scale, as opposed to the more commonly used dichotomous (yes/no)
approach. Without continuous measures, it is not Possible to state the “levels” of exposure associated
with increased risk of low back pain.
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2.2.1.2 Upper Extremity Disorders

A variety of disorders of the upper extremity were studied in the selected literature. Primary among these
was carpal tunnel syndrome, identified by symptoms and physical examination alone or in combination
with nerve conduction testing. A second important outcome was hand-arm vibration syndrome
(Raynaud’s disease or other vibration-related conditions of the hand). There were also a number of oper-
ationally defined but les well-specified outcomes (defined for epidemiologic, not clinical, purposes) such
as musculoskeletal disorders of the wrist, tendinitis, and bone- or joint-related abnormalities. Studies that
met the most stringent criteria were not based on self-report alone. The anatomical areas with the greatest
number of studies were the hand and the wrist, although a number of studies focused more generally on
the upper extremities. Although a number of studies of the neck/shoulder region were considered, only
two were included. The neck, shoulders, and upper arms operate as a functional unit, which makes it dif-
ficult to estimate specific exposure factors for the neck/shoulder region at a level beyond that of job or job
tasks. Further complicating study of the region is the fact that most of the reported musculoskeletal pro-
blems of this region are nonspecific, without well-defined clinical diagnoses.

Table 2.3 provides a compilation of point estimates of risk from all studies across the major types of
work-related physical exposure that were studied. Appendix Table 2.5 presents the risk ratios for various
exposures; these ratios cover a very wise range (2—84), depending on how specifically the exposure and
the outcome were defined. With the exception of the few studies of bone- and joint-related abnormalities,
most of the results demonstrate a significant positive association between upper extremity musculo-
skeletal disorders and exposure to repetitive tasks, forceful tasks, the combination of repetition and
force, and the combination of repetition and cold. A number of good studies demonstrated that there
is also an important role for vibration.

There were nine studies in which carpal tunnel syndrome were defined by a combination of a history of
symptoms and physical examination or nerve conduction testing (Appendix Table 2.5 and Appendix
Table 2.6). In these studies, there were 18 estimates of risk based on various specificities of carpal
tunnel syndrome diagnosis and varying degrees of work exposure. Of these, 12 showed significant
odds ratios greater than 2.0 (range 23-39.8), 4 showed nonsignificant odds ratios of greater than 2.0
and 2 showed nonsignificant odds ratios between 1.7 and 2.0. These findings were supported when
less specific outcomes were examined. In most instances (8 out of 10), conditions classified as “wrist
cumulative trauma disorders” or “nonspecific upper extremity musculoskeletal disorders” were found
to be significantly associated with work-related physical risk factors with a similar range of elevated

TABLE 2.3 Summary of Epidemiologic Studies with Risk Estimates of Null and Positive Associations of Specific
Work-Related Physical Exposures and the Occurrence of Upper Extremity Disorders

Risk Estimate

Work-Related Null Association® Positive Association Attributable Fraction (%)

Risk Factor n Range n Range n Range

Manual material 4 0.90—1.45 24 1.12-3.54 17 11-66
handling

Repetition 4 2.7-3.3 4 2.3-8.8 3 53-71

Force 1 1.8 2 5.2-9.0 1 78

Repetition and 0 — 2 15.5-29.1 2 88-93
force

Repetition and 0 — 1 9.4 1 89
cold

Vibration 6 0.4-2.7 26 2.6-84.5 15 44-95
Notes: n = number of associations presented in epidemiologic studies. Details on studies are presented in Appendix

Table 2.5.

?Confidence intervals of the risk estimates included the null estimate (1.0).
Source: Reprinted with permission from NACS (Musculoskeletal Disorders and the workplace. Low Back and Upper Extre-
mities © 2001 by the National Academy of Sciences, Courtesy of the National Academics Press, Washington, D.C.)
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risk. Hand-arm vibration syndrome and other vibration disorders were significantly associated with
vibration exposures in 12 of 13 studies, with risk elevated 2.6—84.5 times that of nonexposed or low-
exposed comparison workers.

It should be noted that the majority of studies were cross-sectional. Therefore, it is important to con-
sider the temporal direction of the findings. It is likely that the occurrence of upper extremity symptoms
or disorders contributes to increased work-related and nonwork-related stress. If this is the case and a
reciprocal relationship exists, it does not preclude the need to reduce the impact of stress (as either
cause or consequence) on these disorders, given the potential health effects of repeated or prolonged
stress. A second limitation in cross-sectional studies is the healthy-worker effects. This effect refers to
the observation that healthy workers tend to stay in the workforce, and unhealthy workers tend to
leave it. Those who may have left the workforce due to the health condition being studied will be
absent from the study group, resulting in an underestimation of an effect if one is present.

The findings from the studies reviewed indicate that repetition, force, and vibration are particularly
important work-related factors associated with the occurrence of symptoms and disorders in the
upper extremities. Although these findings are limited by the cross-sectional nature of the research
designs, the role of these physical factors is well supported by a number of other studies in which
exposure assessment was less specific (Appendix Table 2.6). Despite indirect objective exposure infor-
mation, the jobs studied appeared to represent conspicuously contrasting ergonomic exposures. These
articles were not used to estimate exposure—response relationships for specific physical hazards (e.g., rep-
etition, force, and posture), but they do provide a foundation for demonstrating a hazard (Appendix
Table 2.6). Only three studies included in the review examined the effects of computer keyboard work
(Bernard et al., 1994; Murata et al., 1996; Sauter et al., 1991). In two, significant associations were
found with pain or discomfort in the upper extremity, and the third found association with slowed
median nerve velocity in subclinical carpal tunnel syndrome.

The attributable fractions related to the physical risk factors that were found to be important provide
additional useful information. They suggest that, when present, each of the physical factors listed in
Table 2.3 is an important contributor to upper extremity disorders. The studies for which attributable
fractions are reported explored associations primarily with hand/wrist disorders such as carpal tunnel
syndrome and hand—arm vibration syndrome. Study of these physical factors in each of the other
upper extremity disorders is indicated to further explore how strong an influence these same factors
might have specifically on the other disorders. Even given the limitations on generalizing from specific
studies, the estimates suggest that substantial benefit could result from reducing the most severe of
these physical risk factors (Table 2.3 and Appendix Table 2.5).

As with other epidemiology study reviews, there are limitations in the available literature. Character-
ization of exposure with sufficient specification to segregate and adequately describe exposure to the
different physical factors for such regions as the neck/shoulder area provides an important example.
Literature reviews by Anderson (1984), Hagberg and Wegman (1987), Sommerich et al. (1993),
Bernard (1997a), and Ariens et al. (2000) provide support for the view that physical work factors are
associated with neck and shoulder musculoskeletal disorders. Had the review of the literature presented
in this chapter been less restrictive regarding study specifications of exposure, it is likely that much stron-
ger conclusions would have been drawn for each of the upper extremity musculoskeletal disorders. Our
review, along with the substantial literature that has used less well-specified exposures, demonstrates the
high priority to be placed on developing better exposure measures for study of the neck/shoulder as well
as the other upper extremity disorders.

An equally important need is for more prospective studies to address individual physical risk factors
and their combination as these relate to each of the upper extremity musculoskeletal disorders. The
cross-sectional findings demonstrating a strong interaction between repetition and force and between
repetition and cold indicate combinations that should be priorities for future study. Given the findings
on work-related psychosocial risk factors and upper extremity disorders (follows later), it will be particu-
larly important to carry out studies that examine the combined effects of physical and psychosocial
factors.
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2.2.2 Psychosocial Factors

Psychosocial risk factors for work-related musculoskeletal disorders can be separated into two major cat-
egories: those that are truly specific to the workplace (job satisfaction, poor social support at work, work
pace, etc.) and those that are individual psychosocial factors (such as depression). Both types of factors
are important to review for several reasons. First, there is an abundance of literature regarding the
relationship between both types, particularly for back pain. Second, individual psychosocial factors
such as depression are typically present both at work and outside it, making it nearly impossible to dis-
tinguish which aspects of depression are work-related and which are nonwork-related. As a result, we
summarize the literature on both types of risk factors, describing each separately. For research on
back pain, separate tables are provided. For upper extremity disorders, fewer studies examining individ-
ual psychosocial factors were identified. Therefore, the two types of risk factors are distinguished but
included in the same table.

2.2.2.1 Back Disorders

2.2.2.1.1 Work-Related Psychosocial Factors

A relatively large number of work-related psychosocial factors have been suggested as related to back pain
and the resultant disability. These range from general conceptualizations, such as “job satisfaction,” to
more specific variables, such as “decision latitude” or “work pace” A great many measurement tech-
niques and research designs have been employed, making direct comparison among studies difficult.

The robustness of the association between work-related psychosocial factors and back pain is suggested
by two facts. First, the findings are relatively consistent in this literature despite vastly different method-
ologies. Second, the relationship remains and sometimes becomes stronger when possible biasing factors
are controlled.

When discrepancies are found, it may be necessary to call on several factors to help explain them.
These include the sample composition and size, severity of the injury/disease, measures of predictors,
time of outcome, outcome criteria, study design, and possible treatment received between initial assess-
ment and outcome. It is difficult to calculate the exact size of the effects observed, even though many of
the psychosocial variables prove to be better predictors than biomedical or biomechanical factors.

Taken as a whole, the body of research provides solid evidence that work-related psychosocial factors
are important determinants of subsequent back pain problems (Table 2.4 and Appendix Table 2.7). The
studies produced strong evidence (i.e., at least three studies showing a positive association) for six factors,
including low job satisfaction, monotonous work, poor social support at work, high perceived stress,
high perceived job demands (work pace), and perceived ability to return to work. In addition, moderate
evidence was found for linking low back pain to low job control, an emotionally demanding job, and the

TABLE 2.4 Summary of Work-Related Psychosocial Factors and Back Pain: 21 Prospective Studies

Null Positive Attributable Fraction (%)
Work-Related Psychosocial Factor Association (n) Association (n) n Range
High job demands 1 5 2 21-48
Low decision latitude/control 0 2
Low stimulus from work (monotony) 2 4 1 23
Low social support at work 0 7 3 28-48
Low job satisfaction 1 13 6 17-69
High perceived stress 0 3 1 17
High perceived emotional effort 0 3
Perceived abil