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Chapter 1 

Introduction and motives of this thesis 
Handling materials manually and performing forceful movements are daily activities of a 

substantial part of the work force. Both work factors have been identified as potentially 

harmful for the musculoskeletal system 13.22->08.133.207.241.24(\ Tn search of effective strategies to 

prevent the development of musculoskeletal complaints associated with manual materials 

handling, scientific research has mainly focussed on lifting loads 13. Handling materials by 

pushing and pulling has received only limited attention. Throughout the last thirty years, the 

design of pushing and pulling tasks has been studied from a psychophysical point of view by 

Snook en co-workers 3°-35-208-210.212-215 They have assessed maximum acceptable pushing and 

pulling forces for a variety of work situations. The psychophysical approach assumes that an 

individual can estimate his or her maximum work tolerance without experiencing health 

complaints in the short term. The question remains, however, whether work-related pushing 

or pulling activities are related to musculoskeletal complaints in the long term, and which 

parts of the musculoskeletal system are at risk. Little epidemiological data is available on this 

issue. Pushing and pulling have been suggested to be an occupational risk factor for low back 

complaints and several studies have indeed reported an association 

between pushing and pulling and low back complaints 3 î.77,78,87.i03,i28,i48,i58,i67,i84,2ii,233 

However, only cross-sectional designs have been used. Hence, the evidence for a causal 

relationship between low back complaints and pushing and pulling is not conclusive 120133. m 

addition, an association between pushing and pulling and shoulder complaints 113'233 and a 

marginally significant relation with forearm complaints '55 have been reported. These results 

indicate pushing and pulling as potential harmful work activities, but conclusive evidence is 

lacking. This is partly due to the fact that pushing and pulling have never been the principal 

subject of epidemiological research, which could elucidate specific health effects and enhance 

the scientific knowledge of the aetiology of musculoskeletal complaints related to pushing 

and pulling. In accordance with the scientific foundation of the NIOSH lifting equation 265, an 

epidemiological study on pushing and pulling may also challenge, confirm, or supplement the 

current guidelines for pushing and pulling, which are mainly based on psychophysical and 

physiological experiments 169'214. 

Pushing and pulling can be defined as the exertion of a (hand) force by someone on an 

object or another person, provided that the direction of the major component of the resultant 

force is horizontal (see also chapter 2) 12'161. In pushing, the exerted force is directed away 

from the body and in pulling the force is directed towards the body. Pushing and pulling are 

activities more often performed in physically demanding jobs than is generally acknowledged. 

It is estimated that half of manual materials handling consists of pushing and pulling 12. 

Furthermore, Delleman et al. 61 reported that about one third of the Dutch working population 

regularly performs pushing or pulling activities at work. In the transportation sector, large 
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quantities of goods are packed on wheeled carts and moved by pushing and pulling 231. But 

also in, for instance, building and construction work and in nursing (patient handling) pushing 

and pulling are frequent activities. Moreover, as a result of growing ergonomie awareness and 

the implementation of guidelines and legislation for preventing work-related musculoskeletal 

complaints, lifting loads is increasingly avoided in industry by transporting large quantities of 

goods on wheeled carts and by introducing manual handling devices and lifting aids 181-274. 

These devices often require manual pushing and pulling for positioning 313°. 

A prospective cohort study might reveal new insights on the causal relation between 

work-related pushing and pulling and the development of musculoskeletal complaints. 

Prospective study designs are less susceptible to potential bias compared to the cross-sectional 

designs " . The follow-up period makes it possible to determine whether the cause precedes 

the effect in time, which is one of the criteria of establishing causation '6. In addition, 

although it does not necessarily requires a prospective design, the finding of a dose-response 

relationship may also point to a possible causal relationship. To obtain relatively unbiased 

estimates of the risk for musculoskeletal complaints and to establish a dose-response 

relationship, adequate assessment of both the exposure to pushing and pulling and 

musculoskeletal complaints is essential24-205-272. 

Exposure to pushing and pulling can be considered external and internal (chapter 2) 
7 % 9 Of\7 

. In short, external exposure is characterised by the work demands and the activities 

performed to accomplish the work. External exposure gives rise to internal exposure, which 

corresponds from a mechanical perspective to moments and forces within the body. Several 

methods are available to assess exposure 232. Generally, subjective judgements, systematic 

observations, and direct measurements can be used to estimate the external exposure. Within 

a prospective cohort study, subjective judgement, i.e. self-completed questionnaires, is the 

easiest method applicable to all members of the cohort. However, this method is accompanied 

with a relatively low level of precision. Observing workers at their workplace results in more 

precise estimates of exposure, but this method is time consuming. Direct measurements are, 

of course, recommendable in terms of precision. However, these are even more time 

consuming and need advanced technologies. The same goes for the assessment of internal 

exposure, which often requires simulation of work activities in a laboratory. Technical 

equipment is necessary to assess posture, movement, and exerted (external) forces, and 

biomechanical models are required to estimate moments and forces within the body. 

The health status of the cohort is usually assessed by questionnaire. Several 

questionnaires have been standardised and validated for the assessment of musculoskeletal 

complaints in population based studies 'oe.i I7,i42.i85.262_ A l t h o u g h s e l f . r e p o r t s o f 

musculoskeletal complaints may be prone to bias, it offers advantages in terms of costs and 

effort. Objective assessment of complaints is hampered by the fact that complaints are, by 
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definition, subjectively experienced. Clinical diagnostics may offer an alternative method of 

assessment. However, clinical diagnostics are often symptom based and diagnostic 

protocols for musculoskeletal complaints with a non-specific character, such as low back and 

upper extremity complaints, are hardly validated. Besides clinical diagnostics, 

musculoskeletal complaints may be assessed by registration at occupational health services 

which also has its limitation in terms of coverage and validity. Clinical diagnostics and 

registration may result in more detailed information compared to the use of self-completed 

questionnaires but application is also dependent on study objectives. Furthermore, it is often 

assumed that costs and effort are out of balance when clinical diagnostics or registration at 

occupational health services are used in comprehensive prospective cohort studies. 

Objectives of this thesis 
In this thesis work-related pushing and pulling and its relationship with musculoskeletal 

complaints are the principle subjects of investigation. The main emphasis will lay on the 

methods of assessment of the external exposure to pushing and pulling, the relation between 

external and internal exposure, and the relation between exposure to pushing and pulling on 

the one hand and musculoskeletal complaints on the other. 

The principle objectives of this thesis are: 

To evaluate methods and strategies to assess exposure to pushing and pulling in working 

situations. 

To explore the relation between external and internal exposure to pushing and pulling. 

To study the relation between exposure to pushing and pulling on the one hand and 

musculoskeletal complaints, in particular low back and shoulder complaints, on the other 

hand. 

Outline of the contents 

In chapter 2 a review of the scientific literature is presented to describe and evaluate risk 

factors for musculoskeletal complaints associated with work-related pushing and pulling. The 

risk factors are evaluated from four perspectives: epidemiology, psychophysics, physiology, 

and biomechanics. Chapter 3 evaluates methods and strategies to assess external exposure to 

pushing and pulling in working situations. In §3.1 scientific considerations for the valid 

assessment of exposure to pushing and pulling in epidemiological field studies are reviewed. 

A critical evaluation of methods and definitions of exposure is presented and measurement 

strategies are explored. In §3.2 the validity of methods to assess exerted push and pull forces 

is studied. As an example, the validity of these methods is examined within a construction 

task. Measurement strategies for the assessment of exposure to pushing and pulling are 
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explored in more detail in §3.3. The precision of the group-based mean exposure to pushing is 

examined using various combinations of the number of observed workers and the number of 

repeated observations per worker. Chapter 4 is aimed at the internal exposure during pushing 

and pulling activities. Exerted push and pull forces and the mechanical loading of the low 

back and shoulders are examined during various pushing and pulling tasks in a laboratory 

setting. In chapter 5, pushing and pulling at work is epidemiologically investigated in relation 

to musculoskeletal complaints. A questionnaire study among workers in several occupational 

groups is cross-sectionally analysed in §5.1. Associations between exposure to pushing and 

pulling and several definitions of low back and shoulder complaints are examined. The 

questionnaire study is part of a prospective cohort study. The longitudinal analyses are 

described in §5.2. Exposure to pushing and pulling is assessed both subjectively by 

questionnaire and objectively by systematic observation of workers. Exposure to pushing and 

pulling is examined in relation to low back and shoulder complaints at one year follow-up. In 

the epilogue of chapter 5 (§5.3), prospective data are used to explore the risk factors of 

pushing and pulling that are biomechanically studied in chapter 4, e.g. using one or both arms 

and handle height. Chapter 6 presents the general discussion and conclusions of this thesis, 

and leads to recommendations for further research and practice. 
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