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Sources of variance in exposure to postural load on the back
in occupational groups
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BURDORF A. Sources of variance in exposure to postural load on the back in occupational groups. Scand
J Work Environ Health 1992;18:361-7. The variability of exposure to postural load on the back was
studied in five occupational groups. A random sample of workers in each group was observed for two
periods of 30 min during a shift , their posture being classified every 20 s. The estimated percentage of
time spent in trunk flexion and rotation formed the principal measures of exposure. The partitioning of
the total variability of exposure showed that occupational group status was the principal source of vari­
ance. The between-group variance accounted for 47 and 720/0 of the total variability of exposure to trunk
flexion and rotation, respectively. The corresponding percentages were 29 and 16% for the within-worker
variance of trunk flexion and rotation and 24 and 12% for the between-worker variance. This type of
analysis of the sources of exposure variability may help to establish appropriate measurement strategies
for exposure to postural load on the back in epidemiologic studies on low-back pain.

Key terms: between-worker variance, measurement , within-worker variance.

Postural load has been recognized as an important oc­
cupational risk factor for low-back pain (1-3). Bio­
mechanical modeling has demonstrated that any devi­
ation from anatomically neutral trunk postures in­
creasesthe load on the lumbar spine (4). Some epidemi­
ologic studies have shown that nonneutral postures of
the trunk, for example, bending and twisting, are sig­
nificantly related to the risk of low-back pain (5-7).
However, the epidemiologic evidence is limited since
other studies have failed to find any association be­
tween frequent bending or the rotation of the trunk
during work and low-back pain (8, 9). Associations
between specific aspects of postural load and the de­
velopment of disorders of the back could remain un­
detected because of a misclassification of exposure
(10).

It has been argued that in many epidemiologic
studies on disorders of the back in occupational groups
the quality of exposure data is poor (11). Often the
measurement of exposure has been restricted to sur­
rogates such as occupational title or job categoriza­
tion. In a limited number of studies quantitative mea­
surement methods have been applied to assessexposure
to nonneutral trunk postures during work (11).

Basically, two approaches of exposure assessment
can be considered (12). In the first approach each
worker of the population under study is monitored .
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Since measurement of nonneutral trunk postures is
time-consumingand labor intensive, this measurement
strategy has been applied in a few studies only (5, 6,
13).In the second approach, more common in epidemi­
ologic surveys, a random sample of workers in each
occupational group under study is monitored. Subse­
quently, the average valuesof the parameters measured
are used to characterize the postural load of the work­
ers within each occupational group. An underlying as­
sumption of this measurement strategy is that the mean
exposure of the workers sampled is equal to the aver­
age of the whole occupational group.

In epidemiologic studies based on a comparison of
occupations with clearly distinguishable levels of ex­
posure, this second approach requires that differences
in exposure among occupations be substantially larger
than differencesamong workers within the occupation,
that is, that the exposure variability within occupa­
tional groups is small compared with differences be­
tween occupational groups. This assumption usually
impliesexposure groups with workers more or lessuni­
formly exposed, often referred to as homogeneous ex­
posure groups. Because not only workers of groups
are sampled, but also specific parts of worker's ex­
posure experience, the magnitude of exposure vari­
ability at the individual level is important. Since it is
largely unknown whether an individual's distribution
of nonneutral trunk postures within a shift and be­
tween different shifts varies considerably, repeated
measurements of the same individuals have to be per­
formed. To obtain an unbiased estimator of true ex­
posure, the measurement strategy has to take into ac­
count all relevant sources of variability of exposure.
Therefore, an evaluation of the components of ex­
posure variability is necessary, partitioning the vari­
ability into the between-group variance, the between-
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worker variance, and the within-worker variance (14).
Ultimately, assessment of these components of ex­
posure variability can enable the investigator to evalu­
ate the attenuation of associations between exposure
and health outcome.

The goal of the current study was (i) to identify the
components of exposure variability for nonneutral
trunk postures in different occupational groups and
(ii) to investigate consequences of exposure variabili­
ty for the assessment of exposure to postural load on
the back in occupational epidemiology. Since bending
and rotation of the trunk are frequently observed
postures in many work situations, the choice was made
to assess postural load due to postures of the trunk
in flexion or rotation.

Subjects and methods

Subjects

Five occupational groups were selected in three dif­
ferent companies. The first group was obtained as a
random sample of 21 of 95 straddle-carrier drivers at
a terminal in the port of Rotterdam. Their tasks in­
volved the transport of freight containers from the
quay to the stack. On the average they handled 30 to
40 containers every hour. They performed this work
in a sedentary posture.

The second occupational group came from the same
company and consisted of 20 crane operators who were
randomly selected from 94 subjects in the same job .
The task of the operators of overhead traveling cranes
was to load and unload freight containers from a ship
to the quay. Under normal conditions they handled
40 to 60 containers every hour. They also performed
their work in a sedentary posture.

The third occupational group comprised IO of 86
office workers in this transport company. Their activi­
ties involved normal clerical tasks, mainly performed
in a sedentary posture at a desk.

The fourth occupational group was obtained as a
sample of 14 of 24 sawyers and woodworking ma­
chinists in a woodworking company. These workers
operated various woodcutting machines. Their task
was either to feed wooden shelves into a machine or
to remove wooden shelvesfrom a machine. These tasks
were machine-paced and of repetitive nature with work
cycles that often lasted less than I min. Their work
was predominantly performed in a standing posture,
mainly close to the woodcutting machine.

The fifth group consisted of 12 of 50 packers in a
large auction of flowers. Their activities encompassed
several tasks , such as the assembly of prefabricated
boxes and the collection and delivery of boxes to the
various departments of the auction. A work cyclecould
vary from 20 s to IO min, according to the task per­
formed. Their work was mainly performed in a stand­
ing posture, not necessarily restricted to one place.
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Method for assessing postural load

The assessment of the postural load on the back was
focused on nonneutral postures of the trunk in the
sagittal plane (flexion) and the transversal plane (axial
rotation). Deviations from straight upright posture of
the trunk were classified as forward flexion (> 20
degrees bent forward) or axial rotation (> 20 degrees
twisted). The method of measurement used was the
Ovako working posture analyzing system (OWAS),
which was slightly modified to separate flexion and
rotation during the observations (15). Observations
were made at the workplace every 20 s during two
periods of 30 min. Thus 90 observations were collected
from each worker during each measurement. To de­
crease the interobserver variability, all of the measure­
ments in a specific company were performed by one
person. The exposure measure presented is the percent­
age of the total worktime spent with the trunk in
flexion or rotation.

The duration of measurement was 30 min. In most
occupational groups this time span will cover at least
15complete work cycles. If the work cycle is the most
important source of variance, the characterization of
trunk postures during a number of subsequent work
cycles is assumed to assessadequately the postural back
load to which a worker is exposed during a typical
workday. The first measurement was conducted in the
first hours of the shift, and the second measurement
took place during the latest hours of the same shift.
This procedure of repeated measurement provided in­
format ion concerning the personal distribution of ex­
posure to postural load within a shift. The assump­
tion was made that the variance of exposure to postural
load within a shift markedly exceededthe shift-to-shift
variance of exposure. Therefore, the worker's distri­
bution of exposure to postural load within a shift (the
within-shift variance) was used as a proxy for the
" within-worker distribution" of postural load.

Exposure characteristics of the occupational groups

The measurements of the average percentages of time
spent in trunk flexionand trunk rotation were the prin­
cipal measures of exposure to postural load on the
back . The distr ibution of the exposure measurements
in each occupational group was evaluated, and six out
of ten distributions differed significantly from the nor­
mal distribution. Therefore, simple log-transforma­
tions were performed which markedly reduced the
skewness of the distributions of the exposure variables
within each occupational group. Eight of the ten dis­
tributions of log-transformed data could be adequately
described by a normal distribution. For reason of com­
parability, log-transformations were performed on
all of the measurements. This procedure allowed the
normal distribution to be used in the statistical
methods. For each occupational group the following
descriptive statistics of measures of postural load are



presented: the arithmetic mean, the geometric mean,
the geometric standard deviation (GSD), and the range.

To study whether classification into groups by oc­
cupational title was justified, the homogeneity of ex­
posure to postural load in each group was assessed.
The first approach was to calculate the geometric stan­
dard deviation of the distribution of the worker's mean
exposures within each occupational group. The geo­
metric standard deviation of the between-worker var­
iance was derived directly from the analysis of vari­
ance of the log-transformed exposure data by the equa­
tion GSD = exp(SDL • w) (16). Since this parameter is
somewhat difficult to interpret, the between-worker
variance was also expressed by the ratio of the 97.5th
percentile to the 2.5th percentile of the distribution of
the worker's mean exposures, denoted by the range
ratio Ro.95' The range ratio can be calculated by the
equation RO.95 = exp(3.92 . SDL, w)' The second ap­
proach was to calculate the between-worker and with­
in-worker variance in each occupational title group.
If the between-worker variance was large compared
with the within-worker variance, the workers were not
uniformly exposed. A useful parameter is the variance
ratio A, the ratio of the within-worker and the between­
worker variance (12). The third approach was to cal­
culate the different components of the exposure vari­
ability and to evaluate the contribution of each source
of variance to the total variance in the population
under study. An analysis of variance was performed
to calculate the proportion of variance due to the oc­
cupational groups, to the workers within the groups,
and to the individual workers within a shift.

Statistical methods
To test whether measurements within each occupa­
tional group were normally distributed, Shapiro &
Wilks statistics were calculated (17).

An analysisof variance was used to separate the total
variance of the measurements into its various compo­
nents. A one-way analysis of variance with repeated
measurements was used to estimate the magnitude of
both the between-worker and within-worker variance
for each occupational group under study. A hierarchi­
cal classification was regarded as the most appropri­
ate, in which a population (the occupational group)
was sampled a number of times (the workers) and
repeated measurements were carried out on each work­
er. The hierarchical classification is alternatively called

Scand J Work Environ Health 1992, vol 18, no 6

a nested classification (18, 19). A random-effect model
was used since the two periods of observation of each
worker were assumed to be drawn at random from the
total distribution of parts of shifts . Similarly, the
selected workers were regarded as random elements
from the total population of workers in their occupa­
tional group. The analysis of variance for n repeated
measurements on q workers is summarized in table I.
The mean squares (MS) are estimates of the expected
variances E(MS) which can be used to partition the
total variance into the between-worker and within­
worker variance (18, 19).

To determine the influence of the occupational title
group, the individual worker and the parts of the shift
on the exposure to postural load on the back, a two­
way analysis of variance with repeated measurements
was performed . Again, a hierarchical classification was
used with a random-effect model. The first underlying
assumption of this design was that the group factor
was random; since no a priori assumption was made
on the level of exposure in each group, the groups
could be regarded as a random sample from an almost
infinite population of occupational groups. In this de­
sign the workers were nested within the levels of the
group factor. The idea of nesting is that the different
levels of the group factor contain different workers.
The second underlying assumption was that the group
of workers consisted of a random sample of all possi­
ble workers in each occupational group. The third as­
sumption was that the measurements of a worker's ex­
posure to postural load were independent and normally
distributed. For the general two-way analysis of vari­
ance with p levels of the factor A (group), q levels of
the nested factor B (worker), and n repeated measure­
ments at each level of factor B, the analysis of vari­
ance is summarized in table 2 (18, 19). The mean
squares were used to estimate the between-group vari­
ance and the between-worker and within-worker vari­
ance. Since the number of workers in each occupa­
tional group was not equal, a so-called unbalanced de­
sign was used. Unbiased estimates for the variance
components can be computed similarly to a balanced
design. The degrees of freedom associated with the
between-groupvariance are calculated as a kind of aver­
age of the numbers of measurements per group (18).

The data analyses wereperformed with SAS (statisti­
cal analysis system) software. The analysis of vari­
ance was carried out with the procedure Proc Nested,
which conveniently computes the different compo­
nents of variance. The data used in the analysis of var-

Table 1. One-way analysis of variance with repeated measurements on the same worker. (a~=between parts-of-sh lft
variance = within-worker variance, aa, = between-worker variance. q = number of workers, n = number of repeated measurements
per worker)

Sources of variance

Between groups

Between parts of shift within workers

Sum of
squares

Degrees of
freedom

q-1

q(n-1)

Mean square

SSt,.w/(q-1)
SSb,./q(n-1)

Expected mean
square
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Table 2. Two-way analysis of variance with repeated measurements on the same worker, who is nested within the group factor.
(a~ = between parts-of-shift variance = within-worker variance , a~ = between-worker variance, a~ = between-group variance,
p = number of groups. q = number of workers per group. n =number of repeated measurements per worker)

Sources of variance Sum of Degrees of Mean square Expected mean
squares f reedom square

Between groups SSb, 9 p-l SSb,gl(p- 1) a~ + na~ + nqa~

Between workers within groups SSb,w p(n-l) SSb,w/p(n-l) a~+ na~

Betwe en parts of shift w ithin workers SSb. S pq(n -l) SSb.slpq (n -1) a~

Table 3. Results of measurements of percentage of worktime in trunk flexion by occupational title group, (AM =arithmetic mean,
GM = geometric mean, GSD = geometric standard deviation)

Occupational ti tl e group Number of AM GM GSD Range
measurements (% ) (%) (%)

Straddle-carrier drivers 42 5.2 3.0 3.9 0,1-18.0
Crane operators 40 33.3 26.8 2,2 4.0-60,0
Office workers 20 25,1 22.0 1.7 10.0-52.0
Woodworking machinists 28 13.4 8,0 3.0 1.0-49.0
Packers 24 11.7 10.6 1.6 4.0-28.0

Table 4. Results of measurements of percentage of workt ime with trunk rota tion by occupational t it le group. (AM = arithmetic
mean, GM =geometric mean, GSD =geometric stan dard deviation)

Occupational title group
Number of AM GM GSD Range

measurements (% ) (%) (%)

Straddle-carrier drivers 42 39.0 35.9 1,6 12.7-58.0
Crane operators 40 3.0 1.8 3.0 0.1-18.0
Office worke rs 20 6,2 4,7 2.4 0,7-14.3
Woodworking machinists 28 8.6 6,6 2,7 0,1-19,0
Packers 24 27.4 25,3 1.5 9,0-51.0

Table 5. Between-worker variance (GSDb w), range rati o (Ro95), and variance ratio p.)for the log -trans formed dis tr ibution of trun k
fle xion and trunk rotat ion by occupat lonalt ltle group , [GSbb w= geometric standard deviat ion of the betwe en-worker variance
(expSDL, w), A= variance ratio (a~/o~), RO.95 = rat io of 97.5th percentile to the 2,5 percentile (exp(3 ,92 . SDL, w)]

Number of Trunk flexion Trun k rotation
Occupational t itl e group measur ements GSDb.wGSDb.w R0 95 A Ro.95 A

Straddle-carrier drivers 42 2.0 14.7 3.0 1.5 5.1 0.2
Crane operators 40 2,1 16,9 0.3 1,7 7.4 3.6
Office workers 20 1,5 4,6 1,0 2,1 17.7 0,5
Woodworking machinists 28 2,5 35,9 0,5 2,1 18,8 0,8
Packers 24 1.3 2.5 2.8 1.2 1.8 7.1
Total 154 2.9 66,8 0.5 3.7 168,2 0.2

iance were the log-tr ansformed estimates of the per­
centag e of worktime spent with the tru nk in flexion
or ro tation .

Results

The results of the measurements of percentage of
worktime with trunk flexion are presented in table 3.
The differen ces in the mean exposure to trunk flexion
among the occupational groups were lar ge. The crane
operators had, on an average , a nearly sevenfold level
of exposure compared with the straddle -carrier drivers.
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Within each occupational group large differences were
observed between the measurements of a worker 's ex­
posure to trunk flexion. The se large differences were
reflected in the values of the geomet ric standard devi­
ations, ranging from 1.6 to 3.9.

The measurements of the percentage of worktime
with trunk rotat ion are summarized in table 4. Again,
the differences in mean exposure to trunk rot ation
amon g the occupational groups were considerable. The
crane operators showed the lowest mean exposure with
an average of 3070 of the ir worktime in trunk rotation.
Among the straddle-carr ier drivers a 13-fold level of



exposure was found. Within each occupational group
the measurements of a worker's exposure to trunk ro­
tation varied greatly. The values of the geometric stan­
dard deviations ranged from 1.5 to 3.0. A notable find­
ing was that the occupational groups were inversely
ordered with respect to their mean exposures to trunk
flexion and trunk rotation.

Table 5 presents the results of the one-way analysis
of variance with repeated measurements. The analy­
sis of variance for the total population, regardless of
the worker's membership in different occupational
groups, showed that the overall variance ratio was
smaller than 1. This finding means that the between­
worker variance was greater than the within-worker
variance . A similar analysis of variance for each oc­
cupational group demonstrated variance ratios rang­
ing from 0.2 to 7.1. Among the packers the within­
worker variance was markedly larger than the between­
worker variance for both trunk flexion and trunk
rotation. Moreover, the geometric standard deviations
of the between-worker variances in this group were
small, a finding which indicates that all of the packers
had experienced a similar postural load on the back.
The small between-worker variances in the group of
packers were also expressed in the modest values of
the associated range ratios. Among the other occupa­
tional groups large values of the geometric standard
deviation and the RO•95 were found . Workers within
these groups were exposed to different levels of pos­
turalload due to trunk flexion and rotation. In every
occupational group the geometric standard deviations
appeared to be smaller than the geometric standard
deviations for the total population. This finding
demonstrates that the differences between the work­
ers within an occupational group were smaller than the
differences between workers in the total population.
Therefore, this result indicates differences in exposure
experience among the occupational groups .

In table 6 the total variability of exposure to postural
load is partitioned into its different components. Both
for trunk flexion and trunk rotation the estimated con­
tribution of the variance between occupational groups
was the largest source of variance. In the case of trunk
flexion the between-group variance almost equaled the
within-group variance, whereas for trunk rotation the
between-group variance was considerably larger than
the within-group variance. This analysis showed that
the breakdown in occupational groups was more suc­
cessful for the exposure to trunk rotation than that for
the exposure to trunk flexion. Differences for indi­
vidual workers between parts of the shift resulted in
the second source of variance. When occupational
group status was accounted for, the within-worker
variance was larger than the between-worker variance.

Discussion

Exposure assessment in occupational epidemiology on
back pain needs more attention (11, 20). A characteri-
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Table 6. Estimated contribution of different sources of vari­
ance to the total variability of exposure to postural load due
to trunk flexion and trunk rotation in five occupational groups.

Contribut ion to the
Estimated total variability ('!oj

Source 01 variance variance
component Trunk Trunk

flexion rotation

Between groups ,,~ 47.4 72.2

Between workers
within groups ,,~ 24.1 11.7

Between parts of shifts
28.5 16.1with in workers a~

Total 100 .0 100.0

zation of exposure to postural load on the back has
to take into account frequency and duration of stren­
uous work postures and movements, their variability
during work activities within a shift and between dif­
ferent shifts, and the differences between workers per­
forming the same tasks. This study was conducted to
investigatesources of variability in exposure to postural
load on the back and to evaluate the homogeneity of
the exposure within occupational groups. The concept
of postural load was restricted to non neutral postures
of the trunk in flexion and rotation . The measure of
exposure was the percentage of worktime spent with
the trunk in flexion or rotation. A measurement stra­
tegy with repeated measurements was applied to esti­
mate the variability in exposure due to differences be­
tween groups, between workers, and within workers.

In this study the distributions of measurements with­
in each occupational group were better characterized
by the log-normal distribution than by the normal dis­
tribution. Adopting the log-normal model for the ex­
posure to postural load on the back made it possible
to draw inferences about this exposure and apply the
well-developed theory of exposure assessment to toxic
substances in air (14).

An issue not addressed explicitly in this study is the
contribution of the random measurement error to the
variability of exposure (ie, to the within-worker vari­
ance). Exposure measurement with an observational
method is sensitive to intra- and interobserver vari­
ability. One study on observers' agreement of direct
observations showed a coefficient of reliability of 810/0
for bending of the trunk. However, in the same study,
rotation of the trunk was difficult to observe, and a
reliability coefficient was found of 20% (21). Prior to
this study, a limited survey was conducted with two
observers who simultaneously observed seven work­
ers for a 60-min period. The percentage of agreement
was 83 (SO 4)% for trunk flexion and 78 (SO 11)%
for trunk rotation. Intraobserver variability cannot be
assessed when a direct observation method is being ap­
plied. Under the assumption of random interobserver
variability, the percentage of agreement between the
two observers can be regarded as the measurement
error of the observational technique. The variability

365



Scand J Work Environ Health 1992, vol 18, no 6

due to random errors in the measurement technique
can be represented by the coefficient of variation. The
observed variability of exposure, expressed by the
geometric standard deviation of the log-normally dis­
tributed measurements, can be adjusted for the vari­
ability of measurement technique, represented by the
coefficient of variation of the normally distributed
measurement errors (22). The relative contribution of
a coefficient of variation of 20% to an observed vari­
ability of exposure of GSD = 1.50 will be about 60/0 .
With larger values for the geometric standard devia­
tions, the contribution of the measurement error will
be negligibly small. Therefore, it is a reasonable as­
sumption that the measurement error of the observa­
tion method used did not contribute significantly to
the variability in exposure due to workplace conditions
or the individual characteristics of the workers. This
finding indicates that improving the reliability of the
measurement method is of less importance than im­
proving the measurement strategy.

Three approaches were used to study the classifica­
tion of workers into groups with distinguishable levels
of exposure. The first approach strongly focused on
the homogeneity of occupational groups exposed to
postural load on the back . Rappaport (14) has advo­
cated the use of a range ratio as a quantitative mea­
sure of the uniformity of exposure across an occupa­
tional group. According to his strict definition of a
homogeneous exposure group, characterized by an
Ro.95 range ratio of two or less, only the packers could
be considered as such . The range ratios of the other
groups were significantly larger, showing that work­
ers within the same job can be differently exposed. The
interindividual variability in postural load can be ex­
plained by variations in the tasks performed and the
subjects' anthropometry and work methods (6). The
consequence for the misclassification of exposure of
substantial between-worker variance in epidemiologic
surveys depends on the relative magnitude of the other
sources of variability.

The second approach is based on the ratio of the
between-worker variance and the within-worker vari­
ance. The variance ratio in some occupational groups
showed that the contribution of the within-worker vari­
ance to the total exposure variability can surpass the
influence of the between-worker variance. The poor
agreement between the variance ratio and the range
ratio illustrates that a large variance ratio can still imply
large differences in exposure to postural load among
workers of the same occupational group. The within­
worker variance may be partly explained by differences
in the tasks performed. The averaging time of the mea­
surements and the number of repeated measurements
can also account for the observed variability of ex­
posure to postural load within one shift. In this study
the within-shift variance was based on the short aver­
aging time of 30 min and two repeated measurements
only . Analogous to the measurement of chemicals in
the air of a workplace (23), it can be expected that the
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variance of a worker's distribution of exposure to
postural load decreases as the averaging time of mea­
surement increases or the number of repeated measure­
ments increases. This phenomenon will dampen the
within-shift variation and improve the precision of the
estimated mean exposure of individuals .

Heederik and his colleagues have argued that in­
homogeneous groups are acceptable in epidemiologic
studies unless they have overlapping exposure distri­
butions (16). The third approach of partitioning the
total exposure variability can reveal the ratio of the
between-group and within-group variance. In this
study the use of occupational groups could explain the
variability of exposure to postural load due to trunk
flexion and rotation for 47 and 72%, respectively. The
between-group variance was the most important source
of variability of exposure in this survey. This is a
desirable feature in an epidemiologic study based on
a comparison of different exposure groups. The within­
group variance can be reduced by the appropriate selec­
tion of occupational groups with maximal contrast in
exposure. For example, in this study the woodworking
machinists appeared to have an intermediate exposure
to postural load with a large within-group variance.
Excluding this occupational group from the analysis
of variance increased the contribution of the group
component in the variability of trunk flexion and ro­
tation to 56 and 79%, respectively.

An important topic in epidemiologic studies is mis­
classification, either of the exposure or of the health
end point. This study focused on possible sources of
nondifferential misclassification of exposure to pos­
turalload on the back which will bias the relationship
between postural load and (low-)back pain towards the
null hypothesis (10). The analysis of the components
of variability of exposure to postural load on the back
may act as a guide towards appropriate measurement
strategies for exposure in epidemiologic studies on low­
back pain. Often, a random sample of workers of the
occupational groups under study is monitored. With
such an approach the between-group variance should
be the principal source of variability of exposure. Un­
fortunately, one cannot rely on traditional methods
for grouping strategies such as occupation or job title.
The assumption of distinguishable exposure groups has
to be evaluated; the between-group variance has to ex­
ceed the within-group variance. In the absence of dis­
tinguishable subgroups in the population under study,
often characterized by a small between-worker vari­
ance, an external reference group has to be selected
with maximal contrast in exposure. When confronted
with a large within-worker variance, the workers of
the population under study have to be monitored
repeatedly or, alternatively, be monitored with an in­
creased averaging time of measurement. In the case
of individuals as the most important source of differ­
ences in exposure to postural load, the most appropri­
ate approach would be to monitor each subject under



study for an estimation of postural load at the indi­
vidual level.

It is obvious that the choice of measurement strate­
gy has important implications for the applicability of
measurement techniques for postural load on the back.
Repeated measurement of many workers during several
days limits the fea sibility of most observational tech­
niques. Personal monitoring with direct measurement
techniques may be required (24). Some study designs
require extensive measurement programs.

Before large epidemiologic studies on low-back pain
are started, information on important sources of the
exposure variability is required. It has been recom­
mended that an exposure-oriented survey be conducted
prior to the start of the epidemiologic study. In such
a survey multiple measurements are collected from
representative workers (14) . Subsequently, the parti­
tioning of the variability of exposure into its various
components provides the basis for assigning groups
and the development of an adequate exposure assess­
ment strategy (12).
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