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Summary 

Pushing and pulling in relation to musculoskeletal complaints 
Handling materials manually and performing forceful movements are daily activities for a 

substantial part of the work force. In search of effective strategies to prevent the development 

of musculoskeletal complaints associated with manual materials handling, pushing and 

pulling has received only limited attention. Pushing and pulling is more often performed at 

work than is generally acknowledged and increasingly replaces hazardous lifting activities. 

This thesis specifically aims at work-related pushing and pulling. The main objectives of this 

thesis are (1) to evaluate methods and strategies to assess exposure to pushing and pulling in 

working situations, (2) to explore the relation between external and internal exposure" to 

pushing and pulling, and (3) to study exposure to pushing and pulling in relation to 

musculoskeletal complaints, in particular low back and shoulder complaints (chapter 1). 

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. A 

conceptual model is introduced reflecting the background of the review and this thesis" In 

addition, risk factors of pushing and pulling are evaluated from four complementary 

perspectives: epidemiology, psychophysics, physiology, and biomechanics. Cross-sectional 

epidemiological studies indicate pushing and pulling to be associated with low back 

complaints. A systematic overview shows that maximum (acceptable) exerted forces, and 

physiological and mechanical load are influenced by risk factors of pushing and pullmg,'such 

as cart weight and handle height. It is recommended that future research should be aimed at 

the longitudinal relationship between pushing and pulling and musculoskeletal complaints. 

Chapter 3 evaluates methods and strategies to assess exposure to pushing and pulling in 

working situations. In §3.1 an overview of methods, exposure measures, and measurement 

strategies for the assessment of exposure to pushing and pulling in epidemiological field 

studies is presented. Direct measurements of exerted forces were found to be preferable for 

epidemiological stud.es and for biomechamcal analyses. Furthermore, a number of external 

exposure measures is introduced, which incorporate the principle elements of external 

exposure: level, frequency, and duration. To obtain reliable estimates of the individual's mean 

level of exerted push or pull forces in a working situation, the measurement strategy should be 

aimed at approximately five repeated measurements per worker. 

A construction task was used as an example to further explore the validity of methods to 

assess exerted forces at the workplace (§3.2). The application of a one dimensional hand-held 

digital force gauge in the working situation yielded valid assessment of the level of exerted 

forces in comparison with a highly accurate three dimensional measuring frame. Neither 

reproduction of the construction tasks using the force gauge close to the actual workplace nor 
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self-reported estimates of the exerted forces by the construction workers were valid. 
Therefore, these two methods are not advisable for the quantitative assessment of exerted 
forces. 

Measurement strategies for the assessment of exposure to pushing and pulling are 

studied in more detail in §3.3. The precision of the group mean exposure to pushing was 

examined in two occupational groups using various combinations of numbers of workers and 

measurements per worker. The frequency and duration of pushing was assessed using on-site 

observation of workers and the precision of the mean exposure was obtained by 

bootstrapping. Little precision was gained if more than 10 workers were observed, i.e. beyond 

10 workers the precision increased with less than 5% for every worker that was added. It is 

concluded that both the number of workers and the number of repeated measurements per 

worker affect the precision of the group-based mean exposure. With respect to the variability 

of exposure observed in this study, an efficient measurement strategy should be aimed at 

increasing the number of workers rather than the number of repeated measurements per 

worker. 

In chapter 4 the mechanical load on the low back and shoulders is studied in a laboratory 

setting during pushing and pulling in combination with three task constraints: the use of one 

or two hands, three cart weights, and two handle heights. The second objective was to explore 

the relation between exerted forces and mechanical load. Pushing and pulling tasks were 

simulated in the laboratory and detailed biomechanical models were used to estimate 

mechanical load at the low back and shoulder. Cart weight as well as handle height 

considerably affected the mechanical load and it is recommended to maintain low cart weights 

and to push or pull at shoulder height. The level of exerted external forces was by itself not 

found to be indicative of mechanical load at the low back and shoulders during pushing and 

pulling. Higher exerted external forces would point to higher mechanical load if the working 

technique, in terms of pushing or pulling, handle height and using one or both hands, is not 

changed. 

In chapter 5, pushing and pulling at work is epidemiologically studied in relation to 

musculoskeletal complaints. In §5.1 a questionnaire survey among workers in several 

occupational groups is cross-sectionally analysed. Workers with mainly pushing and pulling 

tasks (n=439, response rate 73%) participated. Workers from the same companies without 

physically demanding tasks (n=190, response rate 79%) served as the reference group. The 

questionnaire was used to assess the exposure to pushing and pulling, other physical risk 

factors for low back and shoulder complaints, and work-related psychosocial factors. Workers 

who pushed or pulled were classified into medium and high exposed. Several pain-related 
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questionnaires were used to assess the twelve month prevalence of low back and shoulder 

complaints. The high exposed group had an increased risk for low back complaints compared 

to the reference group when adjusted for relevant confounders (prevalence rate ratios (PRs) of 

1.40-2.15). The high exposed group was more consistently associated with shoulder 

complaints with adjusted significant PRs of 2.08 to 6.37. Moreover, for shoulder complaints a 

clear tendency towards a dose-response relationship was observed for exposure to pushing 

and pulling. Stronger associations were observed for more severe cases of low back and 

shoulder complaints. It is hypothesised that work-related psychosocial factors affect these 

associations. 

The questionnaire study was part of a one-year prospective cohort study, which is 

described in §5.2. Of the workers with mainly pushing and pulling tasks, 316 workers 

(response rate 76%) also responded to the follow-up questionnaire. Of the reference group 

143 workers (response rate 82%) responded at follow-up. In addition to the self-reported 

exposure to pushing and pulling, which was also applied in the cross-sectional analyses 

(§5.1), a representative sample of 131 workers was observed at work to objectively assess the 

exposure to pushing and pulling. Again, workers were classified into three exposure groups: 

the reference group and a medium and high exposed group. At baseline and follow-up, the 

twelve month prevalence of low back and shoulder complaints was assessed. Cox's regression 

analyses showed that adjusted PRs were not significant for low back complaints. For shoulder 

complaints, both the medium and high exposed groups showed significantly higher PRs for 

the self-reported exposure and observed duration of pushing and pulling compared with the 

reference group. For the observed frequency of pushing and pulling, only the medium 

exposed group showed a significantly higher PR. It is concluded that, within the current 

prospective study, pushing and pulling «s significantly related to shoulder complaints and not 

to low back complaints. 

In the epilogue of chapter 5 (§5.3), prospective data were used to study the risk factors 

of pushing and pulling that were reviewed in chapter 2 and biomechamcally studied in chapter 

4. It was explored whether the separate elements of these factors could be compared as to the 

risk for low back and shoulder complaints. Pushing as well as pulling, the number of hands 

used, and the handle height were also registered during the systematic observation of workers. 

The most frequent pushing and pulling activities were simulated at the workplace to obtain 

indicative estimates of exerted push and pull forces. However, insufficient numbers of 

workers in contrasting relevant exposure groups among the study population hampered the 

epidemiological analyses of the risk factors of pushing and pulling m relation to 

musculoskeletal complaints. It is concluded that if risk factors of pushing and pulling are to be 

studied, the study population has to be selected accordingly, i.e. with contrast in exposure. In 

addition, the effectiveness of recommendations as to the prevention of musculoskeletal 
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complaints related to pushing and pulling may be studied in specific interventions at the 
workplace. 
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