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Comparison of methods for the assessment of postural load

on the back
by Alex Burdorf, MSc, Judith Laan, MD'

BURDORF A, LAAN J. Comparison of methods for the assessment of postural load on the back. Scand
J Work Environ Health 1991;17:425—9. A questionnaire, a self-administered log, and an observational
method were simultaneously applied in the workplace of 35 mechanical repair men to assess exposure
to strenuous postures and movements of the back. The average duration of time spent in a standing posi-
tion was considerably underrated by the workers, while the duration of sitting was strongly overrated
when compared with the ratings obtained with the observational method. The workers’ ratings of dura-
tion with a bent or rotated trunk was two to four times lower than the observed duration. The estimate
of the average number of lifts performed per hour was more than four times higher in the questionnaire
than in the log. The same striking difference was found for the frequency of bending or rotating of the
trunk. These results suggest that the reliability of questionnaire methods for the assessment of postural
load in epidemiologic studies is probably not very high.
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Musculoskeletal disorders are a major source of mor-
bidity in many industrial populations. Back pain is one
of the most common reasons for time loss through sick
leave (1, 2). In many occupational situations studies
are undertaken to provide a basis for the risk assess-
ment of the development of back pain. Although a va-
riety of pathogenetic mechanisms may affect different
spinal structures, it is widely accepted that mechani-
cal loads on the spine, in particular as a result of oc-
cupational activities, may cause low-back pain (3, 4).
The impact of mechanical loads on the spine is diffi-
cult to assess in occupational (epidemiologic) studies.
A quantitative description of exposure to mechanical
loads in occupational situations has many methodo-
logical difficulties and limitations (5). Therefore alter-
native approaches based upon simplified methods to
document ergonomic exposures are required.
However, most studies on occupational populations
lack any model for the quantification of postural load
on the back. In many of these studies the assessment
of exposure to risk factors for back pain was restricted
to broad occupational titles or job categories (6). In
some studies the presence or absence of specific risk
factors, such as lifting, bending, twisting, and pro-
longed standing and sitting, was evaluated by dichoto-
mous responses, while in others exposures to risk fac-
tors were measured by scaled parameters rating sub-
jective responses from, for example, ‘‘never’’ to ‘‘al-
ways.’’ A more quantitative description of ergonomic
exposures, based on detailed information on the fre-
quency and duration of specific postures and move-
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ments, is relatively sparse. Quantitative objective mea-
sures of exposure to postural load have rarely been em-
ployed in occupational studies (5, 7).

Regarding the limited scope of most measures of ex-
posure to postural load on the back, it can be expected
that their validity and reliability in epidemiologic
studies is rather poor and subsequently easily lead to
a misclassification of exposure. For this reason, a
pilot study was conducted to explore the differences
in some commonly used techniques for the assessment
of postural load on the back. The study compared two
methods of workers’ ratings of postural load with a
more quantitative observational method. The aims of
this study were (i) to evaluate the agreement between
the three methods for assessing postural load on the
back and (ii) to determine the extent to which disagree-
ment is likely to be influenced by the individual charac-
teristics of the subjects in the study population and
their work conditions.

Subjects and methods

Subjects

The study was carried out in a maintenance and re-
pair department of a steel factory. The study popula-
tion originally consisted of 41 workers who participated
in the questionnaire part of this study. It was not pos-
sible to perform observations on three workers (be-
cause of holidays), and another three workers kept a
log with insufficient data. The remaining 35 workers
performed several tasks. The following task groups
could be distinguished: (i) seven pipe fitters, (ii) seven
mechanical repair men, (iii) six constructional fitters,
and (iv) 15 benchmen.

The subjects ranged in age between 22 and 57 (mean
44, SD 10) years. The mean height and weight were
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179 (SD 8) cm and 79 (SD 11) kg, respectively. The
subjects’ mean work experience was 17 (SD 9) years
in their present job.

Methods for assessing exposure

Three different methods for assessing exposure to
postural load on the back were selected. Each proce-
dure aimed at collecting information on the frequen-
cy and duration of specific movements and postures
during normal work.

The first method was based on a questionnaire about
the subjective work load of the subject’s present job.
The work load was evaluated by questions regarding
the duration and frequency of basic work postures and
movements, lifting activities, and specific movements
of the lower back during activities on an average work-
day of the past week. The questions concerning stand-
ing, walking, sitting, and kneeling were phrased as:
‘““‘How many hours do you have to stand on an aver-
age workday?’’ Lifting activities were evaluated by
questions regarding how much of the workday the in-
dividual lifted or carried loads, how many times per
hour these activities were performed, and how much
the average load weighed. Information on trunk pos-
ture was elicited by the question: ‘“‘How many hours
do you have to work with a bent or twisted trunk on
an average workday?’’ The frequency of trunk bends
and twists was obtained with a question similar to the
question on the frequency of lifting activities. Ques-
tions were also included on personal characteristics
such as age, height and weight, and work experience.
This approach has recently been used, for example,
in studies among nurses (8, 9). A second questionnaire
was used to obtain information on complaints of back,
neck, or shoulder pain within the past 12 months (10).
Both questionnaires were administered by a physician
at the on-site medical service.

The second method was based on a log including
the same questions as the questionnaire on duration
and frequency of postures and movements during work
activities. Each worker had to keep this log for one
workday and had to answer the questions every hour
regarding his postural load during the preceding hour.
This method was selected to avoid recall bias with re-
spect to the subjects’ judgments of their postural loads.

The third method was the Ovako working posture
analyzing system (OWAS) for identifying and evalu-
ating poor work postures (11). The positions of the
lower back and the lower limbs were observed and
recorded according to the 84 different postures distin-
guished by this method. Trunk postures with flexion
or rotation of more than 20 degrees from a straight,
neutral position were classified as bending of the trunk.
The position and movement of t.e lower limbs was
used to distinguish between standing, walking, sitting,
and kneeling/squatting. After the specific work tasks
were identified for each separate job, the workers were
observed during two periods of 10 min covering all the
important work tasks. The recording procedure con-
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sisted of 60 observations of every worker, at intervals
of 20 s. This sampling method was sufficient to include
all of the relevant activities. All of the observations
were performed on the same day that the worker had
to keep a log so that confounding by day-to-day fluc-
tuations in the subjects’ work conditions could be
avoided when the OWAS method was compared with
the subjects’ ratings in the log. The observations were
made by the same observer. The observation data
can be used to calculate the average percentage of
time spent in defined work postures and movements
during a workday. Recent examples of similar ap-
proaches have been published by several research
groups (12—14).

The study took place over a period of three weeks.
The investigation started with the recruitment of work-
ers. Each worker was interviewed for information on
specific aspects of their postural load during work
(method 1). During the following two weeks they were
asked to keep the log for one workday (method 2). On
the same day the observational method was performed
(method 3). The measures of exposure in the three
selected methods for the assessment of postural load
on the lower back are summarized in table 1. For rea-
sons of comparability parameters on the duration of
time recorded in the questionnaire and the log have
been converted from hours per workday to percent-
age of daily worktime. Since there were some minor
differences among the parameters of postural load in
each method, some parameters were measured only by
two methods.

Statistical methods

The null hypothesis that the mean of the differences
between pairs of continuously distributed parameters
does not significantly differ from zero was tested with
the two-tailed paired t-test. An analysis of variance
was used to determine the influence of categorical
variables (eg, task group and presence of musculo-
skeletal complaints) on the workers’ ratings and the
observations. Since the parameters of exposure were
measured at intervals, measures of agreement for
qualitative data such as Cohen’s kappa were not ap-
plicable. Therefore, a multiple regression analysis was
performed to describe the extent, direction, and
strength of the correlation between the parameters
derived from two different methods. The workers’ as-
sessments were used as independent variables and the
measurements of the observational method were con-
sidered the dependent variables. The rationale behind
this choice was that we were interested in whether the
workers’ subjective assessments could predict the more
objective observations. A significant regression coeffi-
cient indicates that two parameters are associated
linearly. A significant intercept indicates the existence
of a systematic difference between two parameters,
whose absolute value depends on the value of the in-
dependent variable. The strength of the linear relation-
ship between two parameters, expressed by the propor-



tion of variance explained, can be regarded as a mea-
sure of agreement between the workers’ ratings and
the observations carried out.

Results

The questionnaire on health complaints revealed that
the 12-month prevalences of pain of the back, the neck,
and the shoulder among the workers were 46, 34, and
34 %, respectively.

The overall resuits of the workers’ assessments and
of the observations on duration and frequency of work
postures and movements are summarized in table 1.
For most of the postures and movements significant
differences were observed. The average duration of
time spent in a standing position was underrated by
the workers, while the duration of sitting was over-
rated. The most striking difference appeared in the es-
timated duration of lifting and/or carrying loads dur-
ing a workday. As shown in this table, the estimates
of the average number of lifting activities were much
higher in the questionnaires than in the logs. The same
result was found for the frequency of bending and/or
rotating of the trunk. Large standard deviations were
found for all postures and movements, regardless of
the method of assessment.

In the analysis of variance dichotomous variables
for the four different task groups were far from sig-
nificant. The variance in the workers’ ratings in the
questionnaire and the log, as well as the variance in
the observed aspects of postural load, could not be ex-
plained by differences in the work conditions among
the four task groups. Therefore the study population
of 35 workers can be regarded as a uniform sample
of workers, performing different activities as part of
their job.

Multiple regression analyses were conducted to in-
vestigate whether the workers’ ratings could be used

as a suitable predictor for the observed postures and
movements. The results of the (age-adjusted) regres-
sion analyses, presented in table 2, demonstrate that
the proportion of variance explained by the question-
naire method was low for each parameter. The work-
ers’ ratings in the log resulted in a much better fit for
the observed period of time in standing and sitting
positions. For kneeling/squatting and trunk bending
significant regression coefficients were found although
the proportions of variances explained were not very
high. In each regression model the role of potential
confounders was investigated. Neither personal charac-
teristics such as age, height, and weight nor duration
of employment in the job showed any significant in-
fluence on the relationships between the workers’
ratings and the observed postures and movements.

In general, the health status of the workers did not
influence their ratings of postural load. Workers with
low-back pain and workers with shoulder pain usual-
ly reported the same distribution of strenuous work
postures and movements as workers without these
complaints. However, in the regression analysis on the
predictive power of workers’ ratings in the logs for the
observed duration of time with a bent trunk, signifi-
cant contributions were observed for dichotomous
variables of low-back pain (B = —10.8, P <0.05) and
shoulder pain (B = 14.6, P <0.05). Workers with low-
back pain judged their duration of trunk bending
postures during an average workday to be lower than
workers without low-back pain, whereas for workers
with shoulder pain the opposite result was found.
When both complaints were taken into account in the
regression model, the proportion of variance explained
increased from 18 to 37 %.

Discussion

The workers’ estimates of duration and frequency of
specific work postures and movements showed con-

Table 1. Results of the assessment of exposure to postural load on the back. (OWAS = Ovako working posture analyzing system)

Basic postures and movements Lifting Trunk bending
Duration of
time of
Duration of Frequency of aﬁf;uff: F 'eb%‘:‘ed';% of
Standing Walking Sitting Kneeling/ lifting lifting Weight of ward in- andlor
Method 9, = o, squatting and/or andfor load e T3 :
(%2 (%?) (%3) o) a ; h o clination rotating of
(%3) carrying carrying (kg°) di
(%) (N?) and/or the trunk
rotation of {N®)
the trunk
(%2)
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Questionnaire
(N =235) 38 17" 29 10 16 g9* 13 10 4 3* 11.3  10.9*1 121 8.9 22 14* 241 27.4*
Log (N =35) 37 15 24 10 28 16" 10 8 2.7 24 128 91 11 8* 438 56
OWAS method
(N =35) 18 24 14 4 9 14 12 37 25 40 18

2 Percentage of daily worktime.
b Average number per hour.
© Average weight of load in kilograms.

* P<0.05 (two-tailed paired t-test with the OWAS method as the reference), *1 P<0.05 (two-tailed paired t-test with the log method as the

reference).
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Table 2. Linear regression with the observed postures and movements as the dependent variables and the workers’ assess-
ments of these postures and movements as the independent variables.

Questionnaire Log
Parameter Explained Explained
Intercept Posture variance Intercept Posture variance
BO B1 R2 BO Bi R?
Basic postures and movements
Standing (% of daily worktime) 43.9** 0.37* 1% 32.5%* 0.68** 33 %
Walking (% of daily worktime) 13.5 0.35 6 % 18.5** 0.24 2%
Sitting (% of daily worktime) —-16 0.36* 14 % —4.9* 0.33** 40 %
Kneeling/squatting (% of daily worktime) 10.2** 0.30 5% 8.0* 0.61* 15 %
Lifting
Duration of lifting and/or carrying
(% of daily worktime) 24.8** 3.33* 12 %
Trunk bending
Duration of time of postures with forward
inclination and/or rotation of the trunk
(% of daily worktime) 32.1** 0.34 7% 29.6** 0.93* 18 %

*P<0.05, ** P<0.01.

siderable variations. The variance in the ratings of the
workers in the questionnaire and the log could not be
explained by differences between the four task groups
among the personnel of the maintenance and repair
department. The between-task variability mainly ac-
counted for less than 10 % of the exposure variance,
a finding which indicates that the within-task vari-
ability was much greater than the between-task vari-
ability. The same results were found for the assess-
ments based on the observation technique. Therefore,
it is not likely that differences in the work conditions
among the four task groups accounted for the con-
siderable variations in the exposure assessments.

The question then arises of how the exposure vari-
ance might be explained. Personal characteristics like
age and height and the work history in total years of
employment did not influence the workers’ ratings or
the observed postures and movements. It has been
postulated that workers’ assessments of exposure could
be influenced by the existence of musculoskeletal pain
either because workers with pain might learn to do their
jobs in a way that minimizes biomechanical load in
order to alleviate symptoms or to avoid their aggra-
vation (7) or that subjects with back pain are more sen-
sitive to tasks which entail heavy lifting and frequent
bending and rotating of the trunk (3). In this study
the three methods showed no significant differences
for work postures and movements between workers
with musculoskeletal pain and those without, except
for the workers’ ratings of daily worktime with a bent
or twisted trunk in the log. This association could
not be reproduced for the workers’ ratings of the same
parameter in the questionnaire or for any other pa-
rameter in the questionnaire, the log, or the observa-
tions. The presence of response bias due to complaints
of the back, neck, or shoulder could not:be proved.

Another source of variability in the measures of ex-
posure may have been a lack of precision (ie, reli-
ability). Since repeated measurements were not per-
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formed, this hypothesis cannot be tested. However,
the results in table 2 suggest that the reliability of the
questionnaire and log methods for measuring specific
aspects of postural load will probably not be very high.
When the OWAS observation method is regarded as
an instrument capable of measuring true exposure,
both questionnaire instruments lacked validity for as-
sessing exposure. Although there were significant as-
sociations between the workers’ ratings and the ob-
servations, the proportions of variances explained were
low. The calculated values of the intercepts in the
regression models expressed large systematic differ-
ences in the data obtained by the self-administered
methods and the direct observation method.

The workers severely underestimated the average
time spent in a posture with a bent or twisted trunk.
Rossignol & Baetz (15) also found that the agreement
between self-administered questionnaires by employees
and direct observation by investigators was poor for
the perception of bending and twisting of the trunk.
These results indicate that workers cannot be expected
to evaluate accurately nonneutral postures when de-
fined in terms of degrees of deviation. Thus the poor
agreement between the questionnaire and observational
methods on this parameter may have been the result
of the incomparability of the two methods.

Other parameters may be expressed more accurate-
ly in questionnaires, for example, the duration of
lifting and/or carrying loads. In this study a striking
difference appeared in the average duration of the
lifting or carrying of objects during a workday. In one
study a complementary observation has been reported
(6). The authors stated that only for 10 % of the work-
ers were the questionnaire and observational methods
consistent regarding both the weight and frequency of
the material handled. Although basic postures like
standing, walking, and kneeling are easily defined, sig-
nificant underestimation by workers was also present
for these parameters in our study. This finding sug-
gests that accurate measurement of basic postures in



questionnaires may be difficult. In a study among
nurses some contradictory results have been described
(16). Workers’ estimates of the average time spent sit-
ting versus standing or walking during a workday close-
ly agreed with those of the observers, whereas reports
on the time spent in other activities (eg, kneeling) were
less reliable (16).

Since the OWAS method was applied as a multimo-
ment technique, no comparisons can be made for the
parameters of frequency. The comparison of the work-
ers’ ratings in the questionnaire and the log showed
significant differences for the frequency of lifting ac-
tivities and trunk bending. Workers recalled these risk
factors more thoroughly in the questionnaire, a find-
ing which demonstrates that the assessment of exposure
depends on the method of administration.

One might question the appropriateness of the ob-
servation technique as a reference. The observations
were only two 10-min samples of much longer work
periods in which tasks could vary with unknown fre-
quency. Since this technique is time-consuming and
costly for observing and analyzing a large number of
jobs, the sampling period was an economic and prac-
tical choice. Observation during a period of 8 h would
have enhanced the agreement between the observa-
tional method and the log on an individual level. Con-
sequently, the proportion of variance explained would
have been higher. However, on a group level, the sig-
nificant differences in the mean values of certain risk
factors would not have disappeared with a longer sam-
pling period. The mean score of the OWAS method
for a specific risk factor is based upon 2100 observa-
tions (nearly 12 h) during a period of two weeks, which
is likely to be sufficient for estimating the true exposure
to the risk factor in a uniform sample of workers. Even
though this method only provided limited information
on specific aspects of postural load on an individual
level, it was regarded as adequate for the purpose of
the study.

Although the small number of workers limits in-
terpretation, the results of this study suggest that the
use of exposure information based on self-reported
aspects of postural load on the back is probably not
very reliable. In this study the consistency of the work-
ers’ ratings with an observational technique was rather
poor. Therefore, it can be argued that questionnaires
for assessing postural load are not viable tools with
which to classify the postural load of workers. Con-
siderable misclassification is inevitable when question-
naire data are used to assign exposure categories for
subjects in epidemiologic studies. Since the misclas-
sification of exposure is always in the direction of the
zero value (17), relationships between postural load and
musculoskeletal disorders will systematically be un-
derestimated. It is obvious that inconclusive dose-
related risk estimates on musculoskeletal disorders
must be interpreted with great care.

This study underlines the statement made by several
authors that the challenge to develop valid and prac-

tical techniques for assessing exposure to postural load
is still open (5, 6, 7).
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