



























































response relationships could be drawn due, primarily, to a lack of quantitative data on the
exposures and potential confounders (Winkel and Westgaard, 1992). In another relatively
recent meta-analysis, no clear causal work-related factors were found for neck and shoulder

disorders, mainly due to the poor assessment of exposures at these body regions (Stock,

1991).

In a more recent meta-analysis of over 600 epidemiologic studies, NIOSH reported
that there was strong evidence for causal relationships between awkward postures and
neck/shoulder disorders, a combination of physical ergonomic exposures and upper
extremity disorders, and lifting and whole body vibration and back disorders.
Furthermore, there was some causal evidence found for many other physical ergonomic
exposures. In some cases, exposure-response relationships between physical ergonomic
exposures and musculoskeletal disorders were identified (U.S. Department of Health and

Human Services, 1997).

In spite of findings such as these, some remain very skeptical on the work-
relatedness of cumulative trauma disorders (e.g., Hadler, 1990). This is mainly because of
conflicting study results (e.g., differences in the strength of associations) and major flaws
in many studies (e.g., lack of control for confounders). Poor characterization of exposure
is an important factor behind some of these limitations. Valid and precise measurements of
multiple factors (potential exposures and confounders) are needed to help clarify the

relationships between work-related exposures and musculoskeletal health outcomes.

2. Why Measure Physical Ergonomic Exposures in Construction?
In 1952 the construction industry had the highest frequency of work-related injuries

and illness among all economic sectors, with 13.1 cases per 100 full-time workers (U.S.

Department of Labor, 1994a). During this year, there were over 10,000 new cases of non-












body. Arm posture codes include: neutral, one arm raised at or above shoulder height and

both arms raised at or above shoulder height (Figure 3).

COHP has used PATH to characterize the ergonomic exposures of job tasks
performed by construction laborers (Paquet et al., 1994), carpenters (Punnett et al., 1996),
tilers (Paquet et al., 1995), iron workers (Buchholz and Paquet, 1996; Paquet et al., 1996)

and plasterers. Approximately 13,000 observations have been made on close to 100

highway construction workers with a variety of sampling procedures (Table 1).

4. Postural Assessment Methods

A variety methodologies have been developed to assess the postural demands of
work. Two types of methods, often used by researchers to quantify the duration and

frequency of postural exposures, are direct postural measurement systems and

observational methods.

Direct Postural Measurements

Direct measurement of body postures uses markgrs or measuring devices that are
attached directly to the body. The most advanced of these methods include 3-dimensional
video-based or diode-based systems, 2-dimensional video-based systems and
electrogoniometric systems. With the video-based systems, markers are placed on the
body joints of interest and the markers are tracked in 2- or 3-dimensional space with the
video cameras and computer equipment. Computer software allows the position of the
markers in space to be determined and “links” are drawn between the markers to represent
the position of body segments. The 3-dimensional video-based or diode based sysfems
require at least 2 or 3 (and preferably 5) stationary video cameras and are limited to a
relatively small observation area, restricting use of these systems to laboratory simulations

of job tasks or to static work. Two-dimensional video-based systems only require one
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continuous observation methods are generally less intrusive than direct postural
measurement systems, these methods can be very tiring for jobs having long and irregular
cycles, possibly affecting the quality of the data. As an altemative, observations can be
made at either fixed-length intervals or randomly selected moments. Assuming that the
intervals are short enough and that the observation period is long enough, the proportion of

observations in any category will represent the relative frequency of that exposure.

Observational work-sampling techniques, derived from industrial engineering
methods, are very useful for estimating the percentage of time that workers perform a
particular job activity (Pape, 1992) and have been used for estimating the percentage of
time workers are exposed to physical eréonomic hazards (Karhu et al., 1981; Mattila et al.,
1993). The assessments are usually made in real-time. With this type of approach the
workers’ exposures are observed and coded into pre-defined exposure categories at pre-
defined instants in time, and the ratio of observations having the exposure to the total

number of observations is the estimated percentage of time exposed (see equation 1.1).

Observational work-sampling based approaches have been often used as a postural-
assessment tool because it has a number of advantages over other methods of assessment.
It can be used in dynamic work settings with little disruption to the work and may be less
prone to bias than self reports of exposure. These methods do not require the assumption
of regular cycles (length and content) and are useful when information on multiple

exposures over long sampling periods is desired.

When the observations are made accurately with PATH or similar methodologies,
the precision of the exposure estimates is a function of the probability of exposure and the

number of observations used to obtain the exposure estimate:












15

The validity of PATH for classifying trunk postures has also been investigated
(Buchholz et al., 1996). The reference method of measurement was Keyserling’s
simulated real-time analysis. PATH observations were made on laborers and carpenters
who were also recorded on tape for the simulated real-time analysis. The percentage of
time that workers were exposed to trunk postures (categorized) was calculated for both
methods and moderate differences between the exposure frequencies were found

(differences of 4% -24% for the trade specific data and 5%-15% for the pooled data).

This study was limited in several ways. First, the simulated real-time analysis may
not have been an appropriate rcferencg measure, as some inaccuracies would be expected
when performing a 3-dimensional msﬁrﬂ analysis with video tape. During PATH data
collection, the observer could change viewing angles for improved classification of
postures, while viewing angles on the video tape were limited. Second, the power of the
study was limited by small numbers of PATH observations (60 for each trade) and large
differences in exposure frequencies could be expectied between the methods by chance
alone. Assuming that the percentage of time spent in trunk postures was accurately
assessed with the simulated real-time method, the 95%-confidence interval of the PATH
estimate would be £12% for the trade-specific data and * 6% for the pooled data (Pape,
1992). Thus, the actual differences did not exceed what could be predicted by random
variability. Given the small number of observations, statistics of agreement (e. g.,_kappa
coefficients) for individual PATH observations and corresponding simulated real-time data
might have provided more useful measures of inter-method reliability. Finally, no inter-

method assessment of arm, neck and leg postures was made.

6. Exposure Assessment Strategies for Non-Repetitive Work

In epidemiologic research, ideal exposure assessmer.. .. ___._ _._ . .__ ____..__

exposure information for each pa:ﬁcipant in the study over a long period, during which a
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in hazard evaluation, evaluation of controls and epidemiologic study are addressed. Areas

for future related work are also identified.
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and trunk lateral bending and torsion equations developed from the calibration of individual
subjects and the 3rd-order polynomial prediction equations for arm and trunk flexion based
on no individual calibration (Appendix II, Figure 5). The posture prediction equations for

each subject and posture are shown in Appendix IV (Tables I'V-1 and I'V-2).

Observational Data
The raw observational work-sampling data were manually keyed into an Excel

spreadsheet and were converted into an ASCII file. The posture frequencies for each

subject during each task were calculated with SAS (SAS Institute, Inc., 1992).

Comparisons between Observations and E)i.s'c:reze Direct Measurement

One data base was developed to allow comparisons to be made among methods at
discrete intervals. This data base contained postural data for each of the observations made
during the tasks. For this, electronic data collected from 0.25 seconds before until 0.25
seconds after each observation was averaged. The standing postures recorded in the
frozen-frame video analysis were cross-referenced with electronic inclinometer data for the
knees to distinguish between neutral and flexed standing. The reference and work-

sampling data were matched at each observation.

Comparisons between Observations and Continuous Direct Measurement

A second data base was constructed to allow comparisons to be made between the
work-sampling data and the continuous reference data. The electronic inclinometer data
that were collected at 50 Hz were averaged into four 2-Hz measurements, and the
frequencies of shoulder, knee and trunk flexion categories were determined for the entire
continuous sampling period taken at 2 Hz for each task. The average frequency of trunk
lateral bending and torsion categories predicted with the LMM were also used for the entire
sampling period (1/3 of each task). For the video analysis, frequencies of each leg posture
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(straight knee) than neutral postures as flexed. A similar phenomenon was found for
walking postures. The misclassification of standing postures may have been due to
limitation on the observers’ ability to estimate the degree of flexion in both legs
simultaneously, with a bias towards coding the knees as straight, or it may have been
caused by a systematic error in the reference measurements. The latter would be more
likely if mildly flexed standing postures were frequent in the simulated tasks. A laboratory
study demonstrated that when the knees were flexed 30 degrees, the electronic

inclinometers recorded knee flexion > 35 degrees 30% to 40% of the time (see Chapter II).

Agreement among the methods was lowest for the assessment of trunk postures.
The assessment of the trunk-postur; categories required simultaneous quantitative
evaluation of the angles of the shoulders and hips in three planes. Additionally, the
changes between trunk-posture categories occurred frequently and quickly during the
dynamic activities for some tasks. The arm and leg-posture categories were broader and
represented motion only in one plane, so these postures were easier to judge. The arm-

posture categories changed much less frequently than the leg and trunk categories, perhaps

also contributing to the ease assessing arm postures in these tasks.

Despite difficulties in evaluating trunk postures, overall agreement among the
methods was moderately high. The frequency of neutral and flexed trunk postures was
similar, although the frequency of these exposures were slightly over-estimated with the
work-sampling methods. This over estimation, however, resulted because the frequency
of trunk lateral bending or torsion, and frequency of flexion with trunk lateral bending or
torsion, were under-estimated with the work sampling approaches. When the 5 trunk-
posture categories were re-defined into 3 categories of trunk flexion (< 20 degrees, > 20
and < 45 degrees, and > 45 degrees), the frequency differences among the methods

narrowed and the agreement among the methods for assessing trunk flexion increased
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» kneeling, squatting or leg bending (>35 degrees)

» moderate or heavy load handling

 manual materials handling (MMH) (lift, lower, carry, move, push or pull)
= hand-tool use

* power-tool use

The frequency of exposure was the percentage of time that an exposure was observed
during a day, calculated as the ratio of the number of observations with the exposure to the

total number of observations for a worker or group of workers in one day of observation.

While the definitions of body postures and tool use categories were consistent
among the operations (see Buchholz et al., 1996 for definitions), the characterization of
MMH and load handling differed slightly. For the iron workers and laborers, the loads
handled were estimated and coded to the nearest 5 N and were then grouped into 6
categories (O N, O N <load< 10N, ION <sload <44 N, 44 N<load < 132N, 132N =<
load < 223 N, load = 223 N). MMH activities were defined as those that involved
handling at least 44 N, excluding activities that involved hand tool or power tool operation
(e.g., carrying a jack hammer from one location to another was defined as MMH but
operating a jack hammer was not). Load handling involved at least 44 N but included the
use of tools and equipment that were at least 44 N. For the carpenters, data were collected
with an older version of PATH in which loads were coded directly into 5 categories (O N, 0
N <load <23 N, 23 N <load < 67 N, 67 N < load< 223 N, load > 223 N). MMH and
load handling involved handling at least 67 N during the carpentry tasks.

4. Data Management
Data for all operations were scanned into a personal computer using optical mark

recognition software (Remark Office OMR, Principia Products, West Chester, PA). The
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The need to perform assessments on multiple days to obtain reliable exposure
estimates for exposures with high inter-day variability is a concept addressed in many texts
on exposure assessment (e.g., Boleij et al., 1995), but practical methods for determining
the necessary assessment periods for a reliable exposure estimates that do not rely heavily

on statistical assumptions about the population distribution are rarely discussed.

The most important limitation of the bootstrapping approach used in this study was
the number of observation days from which the resamples were drawn. The data in the
bootstrap are assumed to be an unbiased sample (i.e., the exposures observed in those
tasks are representative of what would have been observed over a longer observation
period) and an empirical distribution cc;nstructed from the original sample is intended to
provide the best estimate of the population distribution of the statistic. While the population
of mean daily-grouped exlfaosurc for workers performing the same task is close to a
continuous function, the empirical distribution of the original sample is a discrete function
which more closely approximates the population distribution with an increasing number of
daily-group measurements. Small samples are particularly problematic for the calculation
of bootstrapped-confidence intervals, as the upper and lower tails .of the population

distribution may not be represented (Mooney and Duval, 1993).

The number of observation days available for bootstrapping was relatively small for
all of the tasks in this study. Confidence intervals for average group exposures were
derived from a maximum of 10 observation days and a minimum of 4 observation days.
While these conditions did not precisely approximate the true distribution of exposures
within task, they represented the best approximation of the true group daily exposure for
the construction tasks examined. The bootstrapped confidence limits for the measurement
of exposures most likely did not accurately approximate the true confidence limits.

Nevertheless, since the same potential bias in the empirical probability distribution would
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bending and torsion suggests that both sets of exposures are likely to have similar
associations. Given that the LMM was designed specifically for the assessment of low
back exposures, its use for characterizing trunk postures is recommended only for validity

studies such as the one described in Chapter III.

The use of observation methods such as PATH alleviates some of the potential pit-
falls of the electronic measurement methods. Some of the specific logistical advantages of
PATH are that it allows a systematic characterization of exposure frequencies to multiple
workers over periods of days or weeks with very little interference with the work. These
advantages are extremely important to the evaluation of construction work, where the
etiologic relevant ergonomic exposur;s to workers can be numerous and where the
exposure profiles may differ among workers and across days. Additionally, the often
harsh environmental conditions would prevent the use of many types of direct measurement

equipment.

The results of Chapter IV illustrated that the frequency and variability of an
exposure, as well as days of observation, will affect the reliability of an exposure estimate.
For low-frequency, low-variability exposures, observations over 2 or 3 days may be
adequate for a reliable estimate of exposures, while for high-frequency, high-variability
exposures, over 10 days may be required for only a moderately reliable estimate of

exposure.

The advantage of measuring multiple exposures simultaneously with PATH, in
some ways, imposes an unnecessary burden. In order to obtain reliable estimates of
exposure for all of the PATH variables, the assessment strategy must be designed to assess
the exposure with the greatest variability. This 1:equires obtaining many more observations

than needed to characterize most of the exposures.
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5. an evaluation of task-based exposure profiles of individuals that compares these profiles

to workers’ actual exposures.
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APPENDIX I
Informed Consent Forms
Study I: Evaluation of an Electronic Postural Measurement System

Study II: Evaluation of Work Sampling in Construction Work


























































































222

APPENDIX IV
Electronic Postural Assessment System Prediction Equations Used in the

Validity Study of Observational Assessments of Body Postures
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APPENDIX V
Use of the Bootstrap to Evaluate the Reliability of Different Assessment
Periods for Exposures of Differing Frequency and Variability in 3 Highway

Construction Operations
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