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WORK-RELATED MUSCULOSKELETAL disorders
(MSDs) account for a major component of the cost of
work-related illness in the U.S. MSDs include low
back pain, tendonitis, hand-arm vibration syndrome
and carpal tunnel syndrome. The enormous scope of
the problem is confirmed by the Bureau of Labor
Statistics (BLS), which reports that for those cases
involving days away from work in 1999, approxi-
mately one third of the total—532,636 cases—were
the result of overexertion or repetitive motion. This
article explains the method for the development of
the musculoskeletal research portion of NIOSH's
National Occupational Research Agenda (NORA)
and compares the result with the National Research
Council (NRC) research agenda.

During the past decade, approximately 4,000
published articles have focused on work-related
MSDs (National Library of Medicine). The findings
presented in many of these publications have been
summarized in various literature reviews [Anders-
son; Bernard; Buckle and Devereux; Ferguson and
Marras; Frank, et al (a), (b), (c); Katz, et al; Krause, et
al; Moore; Rempel, et al; Szabo; Viikari-Juntura and
Silverstein; NRC]. Based on the findings from these
publications, a simple conceptual framework of fac-
tors that contribute to MSDs can be formulated
(Figure 1). In this model, loads are applied to the
musculoskeletal system either by external or internal
forces due to the mass of the body segments. These
applied loads create internal tissue responses in the
muscles and ligaments and at the joint surfaces.

Depending on the magnitude of the load and
other individual, organizational or social factors, one
or more outcomes may result, which may produce
adaptation effects or potentially harmful effects.
Adaptation effects include increases in strength, fit-
ness or conditioning. Potentially harmful effects
may include structural damage to tendons, nerves,
muscles, joints or supporting tissues that may result
in symptoms, impairment or disability. Whether the
exposure leads to an MSD depends on a job’s phys-
ical demands as well as organizational, individual,
physical and psychological factors. In turn, these

may modulate the effects of the external load.
Interventions designed to reduce risk of MSDs can
be implemented anywhere along this pathway.
Engineering interventions that reduce intensity, fre-
quency and duration of exposure are often effective
in reducing MSD incidence and severity.

NIOSH recognizes that a problem of this magni-
tude requires coordination and cooperation among
its external partners. This philosophy underpins
NIOSH’s NORA, which is a collaborative effort
between NIOSH and its partners to guide occupa-
tional safety and health research over the next
decade. As part of the NORA process, NIOSH
assembled a team of experts representing industry,
labor, academics and government to evaluate the
status of and define future research needs in the area
of work-related MSDs. This agenda should serve as
a blueprint for building a national research program
by identifying high-priority research problems.
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Industry, labor and government partners are needed
to help put this agenda into practice and to leverage
the allocation of resources for preventing and treat-
ing MSDs.

In a related initiative, the U.S. Congress asked the
NRC to report on the scientific base supporting the
concepts of work-related MSDs (NRC). As part of its
in-depth review of the literature, NRC also devel-
oped a research agenda, which will be compared
with the NORA research agenda.

Data Collection

To obtain maximum input from practitioners, aca-
demic and corporate researchers, and research-spon-
soring organizations, the NIOSH team adopted a
multi-phase approach. The first phase involved three
regional focus group meetings, which were held in
Chicago, Seattle and Washington, DC. During the sec-
ond phase, academicians and researchers participated
in a workgroup meeting (held in Houston); this group
used the findings from the focus groups as the basis
for further discussions.

Overall, more than 150 people participated in the
three focus group meetings (16 workgroups) and
some 50 researchers (five workgroups) at the
Houston meeting. The Chicago focus group includ-
ed representatives from agriculture, food processing,
light manufacturing, office work environment,
warehousing and transportation, healthcare and
heavy manufacturing. The Seattle focus group was
attended by representatives from forest products,
agriculture, construction, maritime, healthcare,
heavy manufacturing, office work environment,
transportation, warehousing and light manufactur-
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your workplace and deserve
further research and development?

NORA team members reviewed the transcripts
and flipcharts from the practitioner meetings and
summarized them using a criteria-based extraction
process. These assessments resulted in listings of
research issues by industry sector and short sum-
maries of the main discussion topics. These sum-
maries were further analyzed using a manual
search-and-extraction process by combining the
results into a single file.

The Public Health model was then used to extract
and organize material into four research topic areas:
surveillance, etiology, interventions and improving
the research process. Then each section was edited to
consolidate similar ideas. In addition, participants at
the Houston workgroup were asked to identify
research topics where progress seemed most likely
to occur in the next five years.

Results

Based on responses from the four focus groups,
the NORA MSD team developed an agenda of the
most important research gaps in the four primary
topic areas. The goal was to synthesize the respons-
es, eliminate duplication and highlight the key gaps
identified in each area. In some cases, the NORA
team also added its viewpoints on research priori-
ties. Furthermore, some issues are discussed in more
than one topic area. Tables 1 and 2 list the main
points of the NORA and NRC agendas.

Discussion & Comparison

Although organized differently, the content of the
agendas is similar. Comparison reveals that the
NORA reflects the viewpoint of practitioners, while



the NRC agenda emphasizes
the viewpoint of researchers.
This is to be expected, as the
NRC panel was comprised of
leading researchers in the
fields of medicine, information
science and ergonomics. In
addition, NORA is more spe-
cific in the areas of surveillance
and interventions. Surveil-
lance is defined as how to sys-
tematically collect, analyze
and interpret data regarding
workplace MSDs, while inter-
vention is defined as how to
modify the job or work setting.
These two areas are key con-
cerns for SH&E practitioners.
Conversely, the NRC agenda
emphasizes etiology as a key
research interest. Etiology is
defined as the relationship
between risk factors and the
disease process. These strate-
gies, although different, are
both needed for greater under-
standing and for effectively
reducing MSDs.

Both agendas are also fairly
similar in their recommenda-
tions for the development of
standardized case definitions;
human studies to help further
quantify the relationship be-
tween exposures and out-
comes; and efforts to determine
how psychosocial stressors
impact work-related MSDs. Re-
garding exposure assessment
tools, both agendas recom-
mend more research. NRC calls
for practical, consistent meth-
ods to be developed for quanti-
fying physical and psychosocial
exposures. NORA recommends
the same, but concentrates on
needed exposure assessment
methods for surveillance and
for determining risk factors to
assess etiology:.

NRC’s agenda concentrates
on tissue mechanobiology,
including characterizing ultra-
structural and cellular re-
sponses to physical loading and
the sources and mechanisms of
discogenic, muscular and ten-
don-related pain. NORA covers
this area only generally, sug-
gesting the need for laboratory
research models that would
link exposures, tissue changes,

Table 1

NORA Musculoskeletal
Research Agenda

Surveillance
Surveillance is the ongoing systematic collection, analysis, interpreta-
tion and dissemination of MSD health and hazard information to
identify trends, develop prevention strategies and evaluate the effec-
tiveness of those strategies. The most significant priorities for surveil-
lance research activities identified by the NORA team are:

*Develop user-friendly, standardized workplace surveillance tools
for use by both the nonexpert and the expert.

eIncrease collaboration with federal, state and nongovernmental
organizations to encourage comparability of data collection methods.

*Conduct an ongoing national hazard survey targeting physical
workplace factors.

Etiologic & Medical Research

Many risk factors associated with development of MSDs have been
identified or suggested. Biomechanical risk factors include exposures to
excessive force, awkward posture, movement and vibration. These can
be characterized in terms of their magnitude and temporal factors, such
as frequency, repetition, duty cycle and duration of exposure (Figure 1).
Psychological and social factors include work organization arrange-
ments (extended workhours, shiftwork, piecework, machine pacing),
lack of training, inadequate conditioning, and cognitive or emotional
stress. Personal factors include variables associated with size, strength,
age, gender, cultural factors and history of injury. Research is needed to
better describe the relationship between exposures to these risk factors,
both singly and in combination, and the development of disease and dis-
ability. The most significant priorities in this area are:

*Refine instruments to detect and quantify the contribution of
these factors to the disease process.

*More-clearly define stages of MSD process, develop precise diag-
nostic tools, and provide guidelines for effective treatment and return
to work.

eClarify the interplay of the factors of different stages of causation,
development and treatment of MSDs and measurement of risk factors.

Intervention Research
Research is needed to develop and evaluate new and existing inter-
vention strategies for preventing or reducing the incidence, severity
and disability associated with work-related MSDs. A large amount of
research has been conducted, but because of the wide variability
between individuals and the complexity of causal and contextual fac-
tors and their interactions, more research is needed on which inter-
ventions are the most effective. Intervention research is difficult to
conduct because adequate comparison controls are often not available
and because very large sample sizes are needed to show that an inter-
vention is effective in reducing health outcomes. Often, it is not possi-
ble to conduct studies aimed at reducing health effects, so studies
must rely on demonstrating reduced exposure. Interventions can be
tested in the laboratory where confounding factors can be controlled
or tested in the field. Effective control technology should work well in
both environments. The most significant priorities are to evaluate the
effects of the following on MSD development and prevention:

ealternative (product and/or tool) design criteria (force, spatial
requirements of work);

eoptimization of mechanical (force, movement and posture) work
demands and temporal patterns of exposure;

emanual handling alternatives in posture, movement, force, pro-
ductivity and quality;

eergonomic training and education;

ecosts and benefits of ergonomics intervention;

*job assignment, selection and choice.

NORA
reflects the
viewpoint of
practitioners
and is more
specific

in the

areas of
surveillance
and
interventions.
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Despite
differences in
their content

and emphasis,
much cross-
over occurs
between the
NORA and
NRC MSD
research
agendas.

Table 2

NRC Research Agenda

Methodological Research

1) Develop improved tools for exposure (dose) assessment. This
includes developing methods for objectively measuring physical
stress in the workplace and developing valid measures of psychoso-
cial exposures.

2) Develop improved measures of outcomes and case definitions
for use in epidemiologic and intervention studies. This includes devel-
oping tools to identify clinical cases and tools and measures to quan-
tify an MSD; further refining standardized survey instruments for
epidemiological use; refining physical examination criteria to identify
MSDs; refining epidimiologic case definitions; developing classifica-
tion for nonspecific pain syndromes; refining physiological measures
for epidemiological studies; and evaluating definitions of MSDs.

3) In studies of humans, further quantify the relationships between
exposures and outcomes. This includes dose-response relationships of
exposures; evaluating host factors; and interaction of physical and
psychosocial factors.

Topic Area Research

1) Conduct tissue mechanobiology studies. Perform animal tissue
studies of structural and cellular responses to physical loading; deter-
mine whether response to repeated loading is determined by rate,
peak or duration; and identify sources of pain as related to injury and
physical loading.

2) Biomechanics studies. Investigate the role of repetition, work-
shift and rotation on loading patterns and pain; quantify the relation-
ship between loading and pain; and explore psychological stress on
musculoskeletal response.

3) Psychosocial studies. Investigate psychosocial stressors” impact
on MSDs.

4) Epidemiologic studies. Undertake longitudinal studies of MSDs
related to: how MSDs form; physical and psychosocial influences;
return to work; rest, recovery and repair; interventions; and individ-
ual factors.

5) Workplace interventions studies. Conduct workplace interven-
tions using: randomized control models; multifactorial interventions;
cost-effectiveness; working with industry; and disseminating to tar-
geted industries.

Workplace interventions
are discussed in both agendas,
but NORA places greater
emphasis on researching inter-
ventions, which clearly reflects
the interests of practitioners. It
proposes research on engi-
neering controls, work organi-
zation, protective equipment
and other intervention issues
(e.g., training, regulations,
compensation, cost benefit).

The NRC research agenda
recommends that intervention
studies be conducted in the
following areas: multifactorial
interventions, economics,
working in the community
and information dissemina-
tion; it does not cover opti-
mization of mechanical work
demands, manual handling
alternatives, ergonomic train-
ing and education, or job
assignment evaluation.

In the area of surveillance,
NORA recommends increased
collaboration between federal,
state and nongovernmental
organizations in order to en-
courage comparability of data
collection and analysis meth-
ods; it also recommends an
ongoing national hazard sur-
vey be conducted to target
physical workplace factors.
Neither idea is captured in the
NRC research agenda, which
does not specifically mention
surveillance, but implies that
surveillance should be per-
formed in the epidemiologic
studies section.

With publication of its

physiologic responses, adaptation and disease. In
addition, NRC suggests the need for biomechanics
studies, including evaluation of tolerance limits for
joints and soft tissue, the relationship between the
loading of a joint and pain, and the influence of psy-
chosocial stress on MSD response. To a lesser extent,
NORA recommends assessing biomechanical risk fac-
tors by conducting field research.

The NRC agenda specifically recommends that
epidemiologic studies be conducted for various pur-
poses: to examine how MSDs form; to separate
physical and psychosocial stressors; to assess return-
to-work issues, rest periods, interventions and indi-
vidual and psychosocial factors. Although not
specifically stated, NORA implies that epidemiolog-
ical studies should be conducted in order to deter-
mine the relationship between physical, personal
and psychological factors to MSDs.
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report, NRC completed its assignment to describe
the state of knowledge on work-related MSDs. By
contrast, the NIOSH agenda represents an early
milestone in an ongoing effort to facilitate addition-
al research.

The intention of the NORA initiative is to raise
awareness of research needs, identify funding
sources, promote partnership opportunities between
employers and researchers, and publicize advances
in knowledge. To those ends, for example, NIOSH,
in partnership with the National Institute of
Arthritis and Musculoskeletal and Skin Disorders,
published a request for extramural grant applica-
tions specifically directed at areas contained in
NORA. NIOSH is also attempting to identify addi-
tional funding agencies with the goal of bringing
these groups and researchers together to address the
most critical research gaps.



Conclusion

Despite differences in their content and empha-
sis, much cross-over occurs between the NORA and
NRC musculoskeletal disorder research agendas.
Although 4,000 articles have been published in this
area, additional research is needed to improve the
SH&E community’s understanding in the areas of
surveillance, etiology and interventions. By increas-
ing communication among researchers and practi-
tioners, and coordinating plans for dissemination of
research results, the limited available resources can
be targeted for the greatest impact. Working togeth-
er toward these common research goals can pro-
duce significant gains in reducing the number of
workers afflicted with MSDs. ®
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