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Exposure assessment strategies for work-related risk factors for
musculoskeletal disorders
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The design of assessment strategies depends on the risk factors of interest, features of the measurement device,
feasibility considerations, and variation at the workplace. The selection of variables should permit specific
etiologic inferences. Several researchers have combined different methods into a broad array of exposure measures.
Other authors have converted inputs from disparate methods into a common exposure metric, varying from
subjective ratings to quantitative measures such as compression forces in the lumbar back. The parameterization of
an exposure variable should address the 3 principal exposure dimensions intensity, frequency, and duration.
Standardized expressions of variation patterns of exposure have been suggested. An alternative approach is the
modeling of exposure variability that allows for exposure assessment at the individual level. A related topic is the
critical time window of risk factors for musculoskeletal disorders. This window not only requires detailed
information of exposure events over time, but also appropriate characterization of episodic musculoskeletal

problems.
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Musculoskeletal disorders have been recognized as a
major cause of sickness absence and disability among
many occupational populations (1, 2). In spite of the large
number of epidemiologic studies, the risk factors and eti-
ology of most work-related musculoskeletal disorders are
not well understood (2, 3). For back disorders there is
ample evidence for a strong association with physical
load, that is, manual materials handling, frequent bend-
ing and twisting, physically heavy work, and whole-body
vibration. There is some evidence for an association be-
tween psychological factors and back disorders, but this
evidence is not consistent across different studies and
study designs (1, 4). However, it is difficult to quantify
the exact levels of these factors at which an increase in
musculoskeletal risk occurs. The sparse information on
dose-response relationships is certainly not specific
enough to provide detailed, quantitative guidelines for
workplace and task design. Existing guidelines for

physical load at work have been derived from experimen-
tal studies based on short-term physiological, biomechan-
ical, and psychophysical responses to physical load ex-
perienced during a limited period (5—7). There is little,
if any, epidemiologic evidence to support or refute the
appropriateness of these guidelines to prevent the devel-
opment of back disorders in occupational populations.
Epidemiologic studies have shown disappointing
progress in validating the contribution of the well-estab-
lished factors in experimental research to the occurrence
of back disorders. Among other reasons, one of the most
important is the complexity of exposure assessment at the
workplace in relation to the musculoskeletal disorders of
interest. First, in musculoskeletal epidemiology, the ex-
posure paradigm differs from the usual concept in occu-
pational epidemiology whereby exposure refers to an
agent or factor in the environment external to the work-
er. However, some risk factors, especially physical load,
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cannot be determined independently of the worker. For
example, physical load is assessed by posture, movement,
and the force resulting from the interaction between the
physical work requirements forced upon the worker and
the worker’s capacity to adopt particular techniques to
perform the assigned tasks. Hence the worker’s interac-
tion with the workplace plays a crucial role in the expo-
sure characterization.

Second, most risk factors cannot be described by a
single parameter; instead they encompass several param-
eters, which are combined into an exposure metric. For
example, manual materials handling includes different
components, such as lifting, pushing, pulling, and sever-
al characteristics of each component (eg, weight, frequen-
cy, and distances in a lifting task).

Third, the relationship between most work-related
risk factors and the occurrence of musculoskeletal disor-
ders, in particular back disorders, is not unidirectional
with an increase in exposure linearly associated with an
increase in risk. For example, when dose-response rela-
tionships are being developed for awkward postures and
strenuous movements, a U-shaped curve probably better
describes the nature of the associations; absence of any
load is considered a risk, as is excessive load (2, 8).

Fourth, outcome measures in musculoskeletal epide-
miology are commonly defined in terms of a symptomatic
state, such as the occurrence of back pain and back-re-
lated disability, rather than as a verifiable clinical out-
come, such as herniated lumbar disc. The most nonspe-
cific is unfortunately the most common, pain. The non-
specificity of pain as a health end point is a major draw-
back since it hampers the definition of specific parame-
ters of exposure that relate to the underlying disease proc-
ess.

Fifth, the temporal relationship between risk factors
and musculoskeletal disorders often does not fit the mod-
el of a natural progress from minor ailments to severely
disabling disorders. The vast majority of all pain episodes
show recovery in a few weeks without any treatment, but,
at the same time, the recurrence rates are high. In epide-
miologic studies, it is difficult to define the time of on-
set of most musculoskeletal disorders and to distinguish
between the incidence and recurrence of these disorders.
As a consequence, little is known about the crucial time
window that relates to an episodic event of the muscu-
loskeletal disorder of interest in the subject’s work his-
tory. Probably, exposure and disease are dynamically re-
lated, whereby, in each disease stage, different sets of
risk factors influence the occurrence of the disease (9).

In this article current methods and strategies for the
assessment of work-related risk factors for musculoskel-
etal disorders are presented, primarily illustrated by as-
sessment strategies for physical load in epidemiologic
studies on back disorders. The primary goal is to pro-
vide the reader with information to improve the
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assessment of work-related risk factors in musculoskele-
tal epidemiology.

Assessment of exposure

Assessment techniques for exposure to risk factors in
musculoskeletal epidemiology can be broadly classified
into the following 3 categories of data collection: (i) sub-
jective judgments, (ii) systematic observations, and (iii)
direct measurements. Exposure measures should be se-
lected that permit specific etiologic inferences. In addi-
tion, exposure should be expressed by all of its 3 princi-
pal dimensions, level, duration, and frequency.

With regard to individual and psychological risk fac-
tors, in epidemiologic studies, information is commonly
gathered from the worker’s response to questions in self-
administered questionnaires, diaries, or interviews (9).
Self-reports yield information that is subject to system-
atic bias and lack of precision. Little is known about the
factors that may affect a worker’s self-reports, such as
the interrelationships between work-related risk factors
and the worker’s health status. However, in a recent
study, no support was found for differential bias in ex-
posure ratings in studies on musculoskeletal disorders in
which subjects reported both exposure and outcome var-
iables (10). Other assessment techniques are not often
used for psychological factors, but some epidemiologic
studies have managed to include objective measures of
psychological load, for example, by measuring catecho-
lamines in urine as a proxy for stress experienced by truck
drivers (11).

In recent years several different methods have been
developed to assess physical load at the workplace. These
methods partly differ from the well-established tech-
niques used in laboratory experiments (12). Self-reports
by means of questionnaires or diaries offer the possibili-
ty to investigate many subjects at a reasonable cost. Clear
disadvantages are the limited precision for most estimates
of exposure and their moderate reliability when expressed
on an ordinal scale (12, 13). Hence the application of a
worker’s self-reports or expert judgments is restricted to
the assessment of physical load in occupational groups
in qualitative classifications, like low, moderate, and
high.

Observational methods and direct measurement tech-
niques are increasingly being used. Observing workers
is time consuming, but direct measurements are often
accompanied by high costs for equipment and time for
calibration and analysis. Direct observations on the spot
are very effective when awkward postures and manual
materials handling are simultaneously assessed in dynam-
ic work situations and, hence, have certainly a place in




epidemiologic studies on musculoskeletal disorders (13,
14). Direct measurement techniques vary from inclinom-
eters to record postures and movements, force gauges to
measure exerted forces, to electromyographic registration
devices to assess muscle activity. Direct measurements
are focused on specific components of physical load and,
thereby, have to be integrated with other measurements.
The trade-off is the abundant detail on level, duration,
and frequency of the parameter of interest.

In general, direct measurement techniques are favored
for their precise and accurate measurements, as well as
for their informational content (12, 15). For epidemio-
logic purposes, the direct registration of exposure data
as a function of time prompts for analytic methods which
reduce the available amount of data into a limited number
of essential parameters but still sufficiently capture the
exposure patterns. Mathiassen & Winkel (15) have pro-
posed an exposure variation analysis whereby exposure
level, duration, and frequency are summarized in a data
matrix. Table 1 presents an application of this method in
an ongoing study on patterns of posture and movement
among workers in Dutch nursing homes. An inclinome-
ter was attached to the trunk at the L2-L3 level, and for
8 hours the angular position of the trunk in the sagittal
plane was continuously recorded with a frequency of 16
Hz. Altogether 38 nurses and 19 office workers were
measured during a regular workday. The exposure level
(trunk angle) was divided into 4 classes, and the expo-
sure duration (duration of trunk posture in a particular
angular class) was broken into 5 classes. The exposure
frequency (number of times the trunk moves from an an-
gular class of 20 degrees to another), as well as the per-
centage of trunk postures in a particular angle for a par-
ticular time, are presented in each cell of the matrix. The
data clearly demonstrate the nature of the work activi-
ties among nurses in comparison with that of the office
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workers. The nurses more often flexed their trunk over
40 degrees (104 per hour versus 48) and 60 degrees (46
versus 19) and spent more worktime in these postures
(5.0% versus 2.4% and 1.9% versus 1.0%, respectively).
This matrix analysis also illustrates that the often-adopt-
ed measure of exposure of percentage worktime with 20
degrees of flexion does not discriminate between groups,
whereas larger angular flexion shows clear differences.

Design of a measurement strategy

The choice for a particular measurement device not only
depends on the features of the technique, but also on its
feasibility in an epidemiologic study, the level of detail
required in the exposure assessment, and the variation in
exposure distributions within and between workers. A
workplace survey for assessing risk factors for muscu-
loskeletal disorders will attempt to collect a sufficient
amount of data to describe exposure patterns in the study
population. In the case of physical load, given its con-
siderable variability in time, the best approach would be
to obtain information for each worker on his or her ex-
posure distribution over a period of several weeks, dur-
ing which measurements are taken during a series of tasks
and in workplaces representative to their jobs. Such an
ideal is very difficult to achieve in practice. Therefore,
one solution is to collect representative samples from
workers or situations with similar exposure patterns and,
subsequently, extrapolate to workers and situations not
monitored. Thus decisions must be made about how best
to allocate the measurements, taking into account the
performance of measurement instruments, the aims of the
survey, the variation in ergonomic stressors, and cost

Table 1. Average frequency of trunk flexion in angular classes per hour, stratified by duration of trunk flexion, during a regular workday
among nurses (N=38) and office workers (N=19) in a nursing home.

Trunk flexion

<20 degrees

20—<40 degrees

40—<60 degrees >60 degrees

Number % Number % Number % Number %
of subjects of subjects of subjects of subjects
Nurses
0—<1 seconds 141 20.3 115 16.6 58 8.4 26 3.7
1—<5 seconds 84 12.1 115 16.6 42 6.1 18 2.6
5—<10 seconds 6.9 1.0 27 3.9 3.0 0.4 1.3 0.2
10—<30 seconds 3.3 0.5 29 4.1 1.2 0.2 0.5 0.1
=30 seconds 0.8 0.1 21 3.0 0.2 0.0 0.1 0.0
Office workers
0—<1 seconds 156 25.9 143 23.9 26 4.3 11 1.7
1—<5 seconds 75 12.5 a0 15.0 19 3.1 6.9 1.1
5—<10 seconds 8.6 1.4 17 2.8 1.6 0.3 0.6 0.1
10—<30 seconds 7.5 1.2 19 3.4 1.2 0.2 0.4 0.1
=30 seconds 2.9 0.5 16 2.6 0.4 0.1 0.0 0.0
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Table 2. Basic considerations in establishing a measurement strategy for work-related risk factors for musculoskeletal disorders.

Feauture Consideration

Exposure measure
Exposure dimension
Technique or device
Subjects

Workplace conditions
Temporal variation

Level, duration, frequency

Etiologic relevance (posture, force, trunk muscle activity)

Accuracy and precision (precision versus repeated measurements), feasibility and costs

Group approach versus individual assessment, number of subjects

Sampling procedure for workplace and work conditions

Frequency and duration of measurements, number of measurements versus number of subjects

considerations (14). The core considerations for the de-
sign of a measurement strategy are summarized in table
2.

In table 3 the comparison of 2 measurement methods
for trunk flexion illustrates common problems in assess-
ment strategies. In a nursing home, trunk flexion among
3 groups was studied by means of direct observation over
2 hours (360 observations per worker) and direct regis-
tration using an inclinometer with a sampling frequency
of 16 Hz over 8 hours (approximately 460 000 data
points). Both techniques were applied on the same day
for any given worker in the study population. First, large
standard deviations were obtained with both measure-
ment techniques, which indicate substantial variation in
trunk flexion within and between workers. Second, the
average percentage of worktime with trunk flexion over
45 degrees in each occupational group was similar for
both measurement techniques, but a cut-off point at 20
degrees flexion showed significant differences that may
be explained by differences in accuracy and precision,
as well as by the different definitions of trunk flexion
used in the methods (11). Third, the correlation (r) be-
tween the estimate based on 2 hours of observation and
the 8 hours of inclinometer measurements was low for
the office workers (r = 0.24) and the maintenance work-
ers (r = 0.25), and totally absent for the nurses (r = -0.00).
These low correlations point at the importance of time-
dependent variation in exposure since the observational
method has a more than a 1000-fold lower number of
samples.

A commonly adopted approach in epidemiologic sur-
veys on musculoskeletal disorders is to monitor a ran-
dom sample of workers in each occupational group of

Table 3. Percentage of worktime with trunk flexion over 45 de-
grees as assessed with an inclinometer (8 hours) and by direct
ghservation (2 hours).

Inclinometer Direct Correlation

observation

Group

N Mean SD Mean SD

Office workers 18 1.0 1.0 0.8 09 0.24

Maintenance
workers 18 2.3 2.0 2.5 2.9 0.25

Nurses 18 3.9 2.2 3.7 3.0 -0.06
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interest and, consequently, to use the average exposures
to describe the physical load of all workers within the
occupational groups. Workers are assigned a priori to an
exposure group that is supposed to encompass all work-
ers with a similar exposure profile (homogeneity) and that
is still distinguishable from other occupational groups
(contrast). A bootstrapping technique can be applied to
evaluate the minimum number of workers required to
arrive at a precise estimate of the average exposure (16).
For the assessment of trunk flexion with direct observa-
tions it has been shown that the best strategy is to select
occupational groups with ample contrast in average ex-
posure rather than strongly homogeneous exposure
groups, to rank occupational groups in 3 to 5 distinguish-
able levels of exposure, and to focus on valid estimates
of the group’s average exposure by monitoring a random
sample of 15 to 25 workers within each occupational
group (16). It should be mentioned that these recommen-
dations can differ for other work-related risk factors and
that occupational groups may differ substantially from
each other. Ideally, for each job title and for each expo-
sure variable, a pilot survey should be conducted to de-
termine the optimum measurement strategy. Of course,
there is a trade-off in the effort researchers should put
into such pilot studies when compared with the main
study itself. Many musculoskeletal epidemiologic stud-
ies, however, remain far from evaluating the best feasi-
ble measurement strategy.

A measurement strategy at the individual level will
require a substantially larger effort. For valid assessments
of a worker’s average physical load, this worker has to
be monitored repeatedly or, alternatively, monitored with
increasing averaging time of measurement. The appro-
priate number of measurements per subject or the opti-
mum measurement duration is relative to the load varia-
tion of the workers under study and the reliability of the
measurement technique applied. Statistical techniques are
available to evaluate various design options in assessment
strategies in relation to the precision needed (13). These
formulas can be applied to discuss the choices between
number of measurements versus number of subjects and
between the precision of the method and the number of
measurements. It can be shown that an individual assess-
ment with a specified degree of reliability (eg, reliabili-
ty coefficient of 0.8) for the duration of sitting with a




questionnaire requires 16 repeated measurements in work
situations with a ratio of within-worker to between-work-
er variability of 4 as obtained by this questionnaire.

Development of exposure meirics in epidemiology

In musculoskeletal epidemiology the exposure assess-
ment strategy encompasses several work-related risk fac-
tors. When appropriate strategies are being designed, the
following 2 interrelated issues have to be addressed: the
selection of variables that permit specific etiologic in-
ferences and their parameterization. Researchers are
usually faced with a large array of variables that need to
be quantified. In general, this quantification requires a
comprehensive measurement effort that combines differ-
ent approaches and measurement techniques into a lim-
ited number of exposure measures that should adequate-
ly describe exposure profiles in the populations under
study.

Some authors have argued for a common metric that
converts inputs from disparate measurement methods into
estimates of exposure in the same units. The rationale is
that this strategy greatly facilitates data reduction and that
it may present a consistent measure for exposure across
different jobs (8, 17). In a recent questionnaire study,
workers were asked to rate their exposure on a Borg CR-
10 scale for 8§ different risk factors, including exposure
to nonneutral postures, work pace, vibration, manual
forces to handle tools, and mechanical pressures from
handheld tools in the worker’s usual job (18). The over-
all exposure score was categorized into 4 levels, and sig-
nificant dose-response trends were observed for disorders
of the upper extremities, shoulders, and wrists or hands.
This strategy may contribute to the epidemiologic veri-
fication of existing ergonomic guidelines since most
guidelines are based upon psychophysical studies using
subjective ratings as end points in highly controlled lab-
oratory experiments. A second strategy to develop a com-
mon meftric has been proposed by Moore and his col-
leagues in their analysis of jobs at risk of distal upper-
extremity disorders in the pork-processing industry (19).
They introduced a so-called strain index as a product of
6 scores for intensity, duration, and frequency of exer-
tion, wrist posture, speed of work, and duration of tasks
per day. The rating scheme used quantitative cut-off
points, and the exposure assessment was based on actual
measurements at the workplace and expert judgment. A
clear dose-response relationship was observed between
the strain index and the incidence rate of disorders of
muscle-tendon units in the upper extremities (19).

Both examples of common exposure metrics weigh
different exposure dimensions on a similar scale. For eti-
ologic studies this certainly is a disadvantage since the
relative contribution of the different risk factors includ-
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ed in the common metric cannot be determined. An al-
ternative approach is to limit the common exposure met-
ric to the risk factors that can be measured in the same
unit. For example, biomechanical linked-segment mod-
els can be combined with external exposure data (pos-
ture, movement, and exerted force) and anthropometric
details in order to estimate compression and shear forces
at the lumbosacral joint. Hence, the resulting measure (in
Newtons) is used as a proxy for the internal exposure to
forces acting on a particular part of the spine. In a recent
case-referent study, it was demonstrated that several
parameters of cumulative physical loading of the spine
were significantly increased among workers with low-
back pain when they were compared with those without
low-back pain (20).

The common exposure metric allows a flexible ap-
proach with which to select measurement methods as
long as their results can be translated into the metric of
interest. A drawback of this approach is that the meas-
urement strategy is less tailored to the quantification of
the determinants of the variability of exposure. An alter-
native approach is the modeling of the original exposure
measures with the aim of accounting for temporal pat-
terns of risk factors in the analysis. A recent study illus-
trated that exposure assessment at the individual level
was substantially improved by linking task-based esti-
mates of physical load (direct observations) with indi-
vidual task registration (self-reports in a log) (21). The
modeling of exposure greatly reduced the random meas-
urement error but still presented detailed information on
the physical load of each worker. The modeled worktime
with forceful exertions over 100 N was significantly as-
sociated with the occurrence of elbow pain and wrist
pain, whereas the estimates of worktime with forceful
exertions, derived directly from the observations, showed
no association at all. This strategy may be especially suc-
cessful in workplaces with highly dynamic work.

A related topic still largely unaddressed is the criti-
cal time window of risk factors for musculoskeletal dis-
orders. For example, the interval between the lifting of a
heavy load and the development of low-back pain is short
for some cases, whereas most cases of low-back pain
appear to develop after a number of years of moderate-
to-heavy lifting. Although seldom applied in muscu-
loskeletal epidemiology, the case-crossover design is an
innovative study design with which to evaluate the im-
pact of transient exposure on the risk of acute onset
events (22). Studies on the relevant time window for
musculoskeletal disorders may require a hybrid design,
combining a case-crossover with a cohort design. In gen-
eral, studies aimed at addressing the latency period for a
particular musculoskeletal disorder are complex in that
detailed assessment of temporal variation in exposure is
required, as is an appropriate characterization of distin-
guishable episodes of the disorder of interest.
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Concluding remarks

This paper reviews some of the challenges in exposure
assessment posed to researchers in musculoskeletal epi-
demiology. A variety of design options is available, each
with its own strengths and weaknesses. There is a clear
trend towards the quantification of work-related risk fac-
tors through direct measurements. In any measurement
strategy the most challenging problem is the optimal uti-
lization of available resources in relation to the study
design, the risk factors of interest, and the sources of var-
iation in exposure to these risk factors within and be-
tween workers.
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