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Abstract 

Relationships between physical loads at work and risks of contracting musculoskeletal disorders 

are still not well understood; exposure-response relationships are few in the literature of 

musculoskeletal epidemiology, and many epidemiological studies, including intervention studies, 

have failed to reach conclusive results. Insufficient exposure assessment has been pointed out as one 

possible explanation to this ambiguity. The overall aim of the present thesis was to investigate 

relationships between the design of a data collection and the precision and accuracy of the resulting 

estimates of physical load, in this thesis represented by working postures of the upper arm.  

Papers I and II in the thesis investigated the statistical efficiency of different strategies for 

distributing measurements of upper arm elevation between and within working days. Efficiency was 

evaluated in terms of the eventual precision of an estimated mean exposure level, and in terms of 

the accuracy and precision of variance component estimators. The results showed that it is more 

efficient to distribute the sampling in short sequences within and between days than collecting the 

same  total sample in few but longer measurement periods, in particular if the total sample 

corresponds to only a small part of the whole working day(s). Also, theoretical estimates of sampling 

efficiency were shown to be too optimistic compared to empirical estimates obtained by non-

parametric bootstrapping. Furthermore, the thesis (paper III) showed by means of parametric 

bootstrapping that statistical power when testing for a group difference in postures assessed by 

observation can be maintained when involving multiple observers, provided that the statistical 

analysis model acknowledges methodological variance introduced by the observers.  Finally, paper 

IV in the thesis addressed correction of bias in an inferior exposure assessment method 

(observation) by calibrating it against a superior “golden standard” (inclinometry). Using analytical 

models, the paper showed that the uncertainty introduced by the calibration process may be 

considerable, and that the trade-off between bias reduction and increased uncertainty should be 

carefully considered before calibrating inferior data. 

In conclusion, the results of the present thesis emphasize the importance of designing a 

measurement strategy on the basis of considerate and informed decisions. The thesis also shows 

that a well thought-out strategy for observation-based exposure assessment can reduce effects of 

measurement errors – both random methodological variance and systematic observation errors 

(bias) – and gives practical guidance on how to construct statistically efficient sampling strategies. 
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