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Chapter 6 

General discussion 

In this thesis studies are described that were specifically aimed at work-related pushing and 

pulling and its relationship with musculoskeletal complaints. The principle objectives of the 

studies in this thesis were: (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. 

The studies showed the following principle results: 

- Direct measurements of exerted forces were found to be preferable for epidemiological 
studies and biomechanical analyses (§3.1). In the working situation, the application of a 
one dimensional hand-held digital force gauge yielded valid direct assessment of the level 
of exerted forces (§3.2). 

- For the population of workers of the present study, an efficient measurement strategy 
should have been aimed at increasing the number of workers rather than the number of 
repeated measurements per worker (§3.3). 

- A decrease in cart weight as well as a higher handle height considerably reduced the 

mechanical load on the low back and shoulder during pushing and pulling (chapter 4). 

- Shoulder complaints were more consistently associated with pushing and pulling than low 

back complaints in cross-sectional analyses (§5.1). 

- Pushing and pulling was significantly related to shoulder complaints and not to low back 
complaints in longitudinal analysis (§5.2). 

Exposure assessment 

Chapter 3 of this thesis specifically aimed at the evaluation of methods and strategies to 

assess external exposure to pushing and pulling in working situations in view of the 

prospective cohort study described in chapter 5. According to the conceptual model described 

in chapter 2, external exposure can be defined in terms of posture, movement, and exerted 

forces. Scientific literature and theoretical considerations indicated direct measurement 

methods to be most suitable to assess exerted push and pull forces in order to obtain the level 

of accuracy required for ergonomie epidemiology (see §3.1). A construction task was used to 

further explore the validity of methods to assess exerted forces at the workplace. Earlier 

findings 269, which indicated that exerted forces could be assessed by reproduction of the 

effort close to the actual workplace, could not be confirmed. Moreover, self-reports of the 

level of exerted forces by construction workers were not found to be valid. This may rule out 

any alternative measurement method besides direct measurements for valid quantitative 

assessment of exerted forces and justifies the measurement methods applied in §5.3. 
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General discussion and conclusions 

However, external validity of these experiments may be considered limited, because of 

studying just one pushing/pulling action for construction workers only. The validity of 

methods may also depend on the absolute level of exerted forces. Although the latter remains 

insufficiently explored, the studied range of exerted forces would seem sufficient in view of 

the level of exerted forces observed in the prospective cohort study (see §5.3). 

Alternatively, it might be possible to assess exerted forces using qualitative methods, 

)!- instance in ordinal terms. Although a qualitative assessment results in data with a lower 

solution, it may still be appropriate for epidemiological or ergonomie purposes. However, 

the validity and reliability of these methods still have to be studied specifically for pushing 

and pulling. Furthermore, the objectives of epidemiological or ergonomie studies determine 

whether qualitative or quantitative assessment is required and also whether assessment has to 

be aimed at individual or group level. For risk assessment at the workplace exerted push or 

pull forces are often quantitatively assessed and compared to psychophysical^ determined 

maximum acceptable forces 169'214. To quantitatively assess the exerted forces at the 

individual level, i.e. to distinguish one worker from another 21, at least 5 repeated 

measurement per worker appeared to be necessary to obtain reliable estimates (see §3.1). 

Generally, when individual exposure means are to be estimated, the number of repeated 

measurements per worker depends largely on the ratio of the within and between worker 

variance of the exposure measure 21. A relatively higher ratio would point to a larger number 

of repeated measurements needed for a reliable estimate of the mean exposure of the 

individual. 

The objective of the prospective cohort study was to examine exposure to pushing and pulling 

it group level in relation to musculoskeletal complaints. For reliable estimates of exerted 

forces at group level the results of §3.3 showed that, for an efficient measurement strategy, 

measurement effort should be aimed at increasing the number of workers of the group rather 

than increasing the number of repeated measurements per worker. These results are partly 

.xplained by high variability of exposure between workers compared to the variability within 

workers. In this respect, the larger between worker variance compared to the within worker 

variance presented for exerted push/pull forces in table 2 of §3.2 indicate that an efficient 

measurement strategy is aimed at the assessment of exerted forces for more workers rather 

than more repeated measurements per worker to assess the group mean exposure to exerted 

3ush/pull forces. 

According to Winkel and Mathiassen 272 exposure should be assessed in terms of level 

intensity), duration, and frequency. Consequently, besides exerted forces, the prospective 

study of pushing and pulling required assessment of the duration and frequency of pushing 

and pulling activities as well as other physically demanding activities, such as lifting, 

carrying, and driving vehicles. These activities were assessed by systematic observation at the 
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workplace 7 9 for each of the participating companies. Although the validity of the 

observation method was found to be insufficient for assessment of posture in highly dynamic 

lifting activities 54, it is expected that the duration and frequency of activities and postures 

during less dynamic activities can be validly assessed ,26-186. Furthermore, reliability of 

observations was ensured by monitoring inter- and intra-observer reliability in preparation of 

the observations at the workplace 239. 

The measurement strategy for the assessment of activities by systematic observation 

was explored using bootstrap analyses. Results of these analyses showed that for two 

professions, i.e. train stewards and nurses, increasing the number of observed workers beyond 

the total number of observed workers in this study would not have remarkably enhanced the 

precision of the mean exposure to activities. Therefore, it may be concluded that measurement 

effort was sufficient to establish the mean exposure for each of the two professions. With 

respect to the remaining companies that participated in the cohort study it remains unclear 

whether relatively unbiased estimates of the external exposure were obtained. These 

companies, i.e. the flower auctions and postal distribution centre, were characterised by a 

large variety of work tasks and job rotation. Different workers were observed during these 

different work tasks. Job rotation schemes and the amount of workers assigned to each of the 

different work tasks were used to estimate the mean exposure for the 'average' worker. These 

assumptions and the fact that the 'average' worker does not exist makes it difficult to 

determine whether the estimated group mean exposure is relatively unbiased with respect to 

the true group mean exposure. Therefore, in the epidemiological analyses companies were 

categorised into only a few levels of exposure, i.e. a reference group and a medium and high 

exposed group, to increase contrast in exposure and to prevent misclassification (see chanter 
c\ 132,205,272 r 

Mechanical exposure 

Chapter 4 of this thesis was aimed at the mechanical exposure during pushing and pulling 

activities and at the relationship between external and internal exposure. In chapter 2 and §3.1 

it was already pointed out that pushing and pulling should be studied three dimensionally, 

because manual materials handling aids are often asymmetrically pushed or pulled using only 

one hand, which also may involve rotation and/or lateroflexion of the trunk 147.204>231. From 

the scientific literature it could be concluded that biomechanical studies of pushing and 

pulling were mainly aimed at the two dimensional assessment of low back loading and that 

knowledge of the mechanical load on the upper extremities was insufficient. 

Internal validity of the results presented in chapter 4 depend on the validity of the 

biomechanical models used to estimate mechanical loading of the low back and shoulders. 

Net moments at the low back and shoulder joint were calculated using standard linked 
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segment mechanics, which proved to be a reliable method 52'127. Compressive and shear forces 

were estimated by application of biomechanical models that distribute the net moment. The 

validity of these biomechanical models is, however, insufficiently known. This would require 

comparison of results of these models with the results of direct measurements, for instance 

with respect to compressive forces at the L5-S1 joint or at the glenohumeral joint. However, 

methods to assess compressive forces directly are not available. The most direct methods are 

invasive and, therefore, rarely performed '70'25(l. Furthermore, the applicability of the 

omechanical models may be limited to a certain range of postures or movements. The three 

dimensional shoulder model was not used for analyses of pushing and pulling activities 

before. One of the assumptions of the shoulder model consists of permanent contact between 

I ie humeral head and glenoid. During pulling activities it may be that the humeral head loses 

ontact with the glenoid, in which case the biomechanical model would have resulted in a 

biased prediction of the mechanical load. Therefore, especially for pulling, the compressive 

ices at the glenohumeral joint have to be interpreted with caution. 

Ideally, for biomechanical analyses of pushing and pulling activities kinematic data as 

veil as the level and direction of exerted forces should be assessed at the workplace '72J78. 

Towever, the technical equipment necessary for three dimensional analyses was only 

applicable in a laboratory setting. Therefore, representative pushing and pulling activities 

were simulated in a laboratory. The simulation of the activities in a laboratory was 

accompanied with standardisation of activities, which might have resulted in a limited 

external validity with respect to activities performed at the workplace. To enhance the 

ixternal validity of the experimental setting, the most frequent pushing and pulling activities 

as assessed by systematic observations of workers at the workplace were simulated in the 

laboratory. Furthermore, the participants had to wear some technical equipment for 

egistration of kinematic data and muscle activity during the performance of the activities. 

This may have hampered the performance, although the participants were explicitly instructed 

to push and pull at usual working speed. Representativeness of the group of participants was 

ensured by inviting workers who performed pushing and pulling tasks on a daily basis during 

their work. Experimental data of only seven participants were found to be suitable for 

analyses. Moreover, an experimental design without repeated measurements was used. 

However, recent findings of Van Dieën et al. 251 indicate this number of participants and 

measurements per participant in experimental studies to be sufficient for reliable estimates of 

the group mean. Although the external validity of the results presented in chapter 4 may be 

limited as a result of assessment in the laboratory and standardisation of activities, 

representativeness was warranted by selection activities and participants. Results were found 

lo be comparable to those reported by Al-Eisawi et al. 2, which indicates that results of 

chapter 4 may probably be generalised. 
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Generally, results of chapter 4 showed that external exposure during pushing and pulling, i.e. 

posture, movement, and exerted forces, affects internal exposure, in terms of mechanical load 

at the low back and shoulders. A different working method for pushing and pulling mainly 

affects the posture or movement and might, therefore, affect mechanical loading. In this 

respect, an interesting question, from a scientific as well as an ergonomie point of view, is 

whether something should be pushed or pulled. On the basis of literature this has been 
diSCUSSed in Chapter 2 ™**WW*.™MWMMmiW ^ ^ ^ ^ ^ ^ ^ ^ 

is preferable. For the low back the results of chapter 4 confirm this conclusion. However, the 

mechanical load at the shoulder, m terms of net moments and compressive forces at the 

glenohumeral joint, was generally found to be lower during pulling. Lower net moments may 

point to a lower level of shoulder muscle activity and, consequently, less mechanical strain at 

internal structures. Lower compressive forces at the glenohumeral joint during pulling may 

also point to a lower level of muscle activity. However, it was already stated that compressive 

forces at the shoulder, especially during pulling, should be approached with caution. 

Considering the finding of this thesis that pushing/pulling is strongly related to shoulder 

complaints, it could be recommended that loads are to be pulled rather than pushed. However, 

this recommendation needs epidemiological validation for both shoulder and low back 

complaints which, unfortunately, appeared not to be possible within the epidemiological data 

presented in this thesis (see §5.3). 

Changing the working method for pushing and pulling with respect to using one or both 

hands mainly affected the mechanical load on the shoulder, which was found to be higher 

during pushing or pulling with one hand. A more pronounced effect of the working method on 

the mechanical loading was observed for handle height. Pushing or pulling at shoulder height 

resulted in a marked reduction of the mechanical load at both the low back and shoulder 

compared to pushing or pulling at hip height, with the exception of the compressive forces at 

the shoulder joint during the sustained phase. The change of handle height did not result in a 

change of the level of the exerted forces, which is not surprising considering that still an equal 

level of exerted force is necessary to accelerate and displace the cart. Of the four task 

constraints studied in chapter 4 only cart weight considerably affected the level of exerted 

forces and, consequently, the mechanical load at both the low back and shoulders. An 

effective strategy to reduce the mechanical loading is to reduce the level of exerted forces by 

a reduction in cart weight assuming that the posture or movement remains the same. 

In chapter 4 the level of exerted forces not was found to be indicative for mechanical 

loading. Mechanical loading is affected by both the level of exerted forces and the posture or 

movement during pushing and pulling. Within the design of pushing and pulling tasks, factors 

such as cart weight, rolling resistance, and obstacles directly affect the level of exerted forces 

needed to accelerate the wheeled object or to keep it at a constant velocity. In workplace 
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designs these factors have to be considered for reduction of mechanical loading of the low 

back and shoulders. Changing posture or movement during pushing and pulling has a 

relatively small effect on the level of exerted forces, but considerably affects the direction of 

the exerted forces and the position of the low back and shoulder joints with respect to the 

exerted forces and, consequently, the mechanical load on the low back and shoulders 55. 

Hence, the level of exerted forces by itself does not give indications as to the level of 

nechanical loading but only with respect to the concerning posture or movement. Pushing 

and pulling tasks may be designed such that favourable postures can be adapted, for instance 

ly allowing all workers to push or pull at their shoulder height. In addition, workers might 

have to be instructed and trained to use the favourable pushing and pulling techniques at work 

I to enhance the physical capacity for pushing and pulling. Whether the recommended 

changes in the design of pushing and pulling tasks would positively affect the musculoskeletal 

lealth can not be deduced directly from the biomechanical analyses. As such these analyses 

may be helpful in identifying possible recommendations for intervention, but the effect of 

these recommendations on musculoskeletal health should be validated in epidemiologically 

sed (intervention) studies. 

usculoskeletal complaints 

- prospective cohort study was initiated to study work-related pushing and pulling in relation 

musculoskeletal complaints, in particular low back and shoulder complaints (chapter 5). 

overal companies were selected and approached for participation. Companies were selected 

:' the principle activities of workers consisted of pushing and pulling. Companies were 

excluded for participation if, after visual inspection at the workplace, it appeared that a 

relatively large part of the daily activities was spent on lifting and carrying loads. In addition, 

available, workers of the same companies who performed tasks that were not physically 

demanding, such as administrative or management tasks, were included to serve as reference. 

: he presented strategy for selection of groups of workers intended to enhance contrast in 

exposure to pushing and pulling, i.e. between workers who were exposed to pushing and 

ailing and workers who served as reference. 

Within the study population self-selection may have biased results, especially of the 

ross-sectional analyses described in §5.1, if workers who are concerned of their personal 

lealth were more likely to respond on the questionnaire survey than other workers. Initially, 

829 workers received the first questionnaire of which 76% responded (629). As was already 

discussed in §5.2, it could not be determined whether the response of the first questionnaire 

vas liable to selection. At one year follow-up 459 workers responded to the second 

luestionnaire. Non-response analyses showed that, although female participants and 

participants who were employed for a longer period of time were more likely to respond, the 
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12-month prevalences of low back and shoulder complaints were not associated to losses t( 
follow-up. Therefore, it may be reasonable to assume that the effect of selection bias woul; 
have been minimal for the second questionnaire. 

It was stressed in §5.1 that characteristics of the study population and, mor: 

specifically, the observed relation between pushing/pulling and shoulder complaints indicatec 

that the study population may have been liable to a healthy worker selection effect. In short 

in a study presented by Punnett 194 the healthy worker effect was found to act differential!) 

between high and low exposed groups. A comparable selection process might have affectée 

the study population of this thesis before the start of the study. As a result, the groups thai 

were highly exposed to pushing and pulling could have become relatively healthier and les, 

susceptible to complaints compared to groups that were medium or not exposed to pushing 

and pulling. This finding would indicate that prospective studies of the aetiology o 

musculoskeletal complaints should be initiated when workers are newly employed and at an 

early age, to account for this part of the healthy worker effect. These workers should b« 

followed for a considerable period of time to account for the induction period of degenerative 

musculoskeletal disorders 200. In addition, these prospective studies could be specifically 

aimed at the characteristics of workers who change jobs or workplaces or somehow drop ou" 

in course of the follow-up period. 

Overall, in the study population a majority of male workers (63% at baseline) 

present. At baseline, the reference group showed an equal number of male and femal 

workers. Marked differences were observed for occupational groups that are highly exposed 

to pushing and pulling, which for the subjectively high exposed group described in §5.1 

cons.sted for over 90% of male workers. Apparently, management and administrative 

professions were not found to be gender dependent. Occupational groups exposed to pushing 

and pulling mostly consisted of male workers, except for the group of workers at the nursing 

home that merely consisted of female nurses. Gender was a priori included as confounding 

variable in the epidemiological models to account for possible differences in health risk. 

Cross-sectional analyses showed that women had a significantly increased risk for low back 

and shoulder complaints compared to men. This finding has been discussed m detail in §5.1 

and appeared to be independent of occupation and probably multifactorial in cause 59. 

However, longitudinal analyses could not identify gender as a significant risk factor for low 

back or shoulder complaints. Hence, although more women than men were (cross-sectionally) 

found to have had musculoskeletal complaints at baseline, the risk of reporting complaints at 

follow-up was not gender-specific when controlled for complaints reported at baseline. This 

may point to a general tendency of women having more complaints and/or women reporting 

more complaints while not having an increased risk for development of new complaints" 

was 

e 
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: 

i 

fowever, this finding needs further study and may only apply to the population of the present 
study. 

Musculoskeletal complaints, in particular low back and shoulder complaints, were 

assessed using validated and widely used questionnaires 106-142-262. At baseline and at follow-

.. participants were asked to recall if they have had any complaints in the past year, 

'articipants with present musculoskeletal complaints might recall better, as would 

»articipants that are highly exposed 200. Inaccurate reported prevalences as a result of recall 

s can, therefore, not be excluded. If recall bias results in differential misclassification risk 

ios may be overestimated, but, generally, recall bias is expected to result in an attenuation 

of the risk ratio 4. The Standardised Nordic Questionnaire and the DMQ were simultaneously 

plied in the cross-sectional analyses (§5.1) and appeared to systematically differ in reported 

jvalences, but resulted in comparable prevalence rate ratios (PRs) for both low back and 

Dulder complaints. Hence, it was decided to use only the Nordic Questionnaire for 

ngitudinal analyses. The prevalence of high pain intensity and disability, as assessed using 

e Von Korff questionnaire, was already low at baseline, which resulted in wide confidence 

ervals. A lack of statistical power restrained the determination of the effect of pushing and 

Hing on high pain intensity and disability in longitudinal analyses. 

Both cross-sectional and longitudinal analyses identified work-related pushing and pulling as 

isk factor for shoulder complaints and could not confirm a relation with low back complaints. 

owever, for the self-reported exposure to pushing and pulling, which was applied in the 

alyses of both §5.1 and §5.2, this resulted in considerably higher PRs for shoulder 

omplaints in longitudinal analyses compared to cross-sectional analyses (4.86 and 2.09, 

spectively, for the high exposed group). Generally, longitudinal studies are less susceptible 

potential bias compared to cross-sectional analyses and account for the temporality in the 

letermination of causal inference and are, therefore, more suitable to study the aetiology of 

msculoskeletal complaints 16'200. This would certainly enhance the importance of the results 

presented in §5.2. Still, the validity of PRs determined by the longitudinal analyses may be 

uestioned. For the population under study, the PRs can be defined as the adjusted risk for 

experiencing complaints in one year related to pushing and pulling irrespective of having 

-tperienced complaints m the year before. Essentially, this may not separate cause and effect 

considering that musculoskeletal complaints are episodic in nature and recurrence periods 

lay be longer than one year. Conclusions of the longitudinal study may, therefore, be limited 

o pushing and pulling being related to an increased risk for experiencing shoulder 

omplaints, not for developing or for keeping. It is questionable if increasing the relative short 

period of follow-up applied in the present longitudinal study (one year) to three or five years 

would result in different conclusions. Therefore, the study of recurrent musculoskeletal 

omplaints should require a suitable measurement strategy in which the intensity, frequency, 
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and duration of both complaints and exposures is recorded simultaneously and real-time for 
considerable period of time 69. 

In chapter 5, PRs were estimated by Cox's proportional hazards regression in cross 

sectional as well as longitudinal analyses. It was already stated in chapter 5 that it wa 

decided to apply Cox's regression analyses because this would presumably result in mor: 

reliable estimates of risk compared to estimating Odds Ratio's by logistic regression whei 

prevalences are as high as presented in chapter 5 224-179. However, these analyses can b 

considered conservative as confidence intervals estimated by Cox's regression are expected fa 

be too wide 206. Furthermore, in longitudinal analyses the 12-month prevalence of complaint, 

reported at baseline was included in the multivariate model as confounding variable and effec 

modifier. As such the estimated PRs for pushing and pulling should represent the actus 

independent contribution of pushing and pulling. Alternatively, based on whether or no 

complaints in the past year were reported at baseline, a stratified analysis approach could hav, 

been applied. In the longitudinal study of risk factors for musculoskeletal complaints 

participants with prior complaints at baseline are usually excluded in the analyses and nev. 

events (incidence) are used to estimate the relative risk. However, for the longitudinal 

analyses in this thesis (§5.2) it was decided to include all participants in the multivariate 

analyses to prevent a selection of participants who were less susceptible to developing 

complaints. Moreover, as already mentioned above, the episodic nature of the musculoskeletal 

complaints might justify the inclusion of participants with prior complaints at baseline, Ii 

recurrence periods are longer than one year, a study population of participants without 

complaints in the year prior to baseline might, therefore, also contain participants susceptible 

of musculoskeletal complaints. More advanced epidemiological designs to study recurrent 

musculoskeletal complaints also require more advanced statistical methods. Observing 

changes in both exposure and complaints in time results in correlated repeated measurement! 

for each of the participants. Eisen 69 discusses the methodology for analysing recurrent 

complaints and proposed generahsed estimating equations (GEE) (see chapter 4) 152 as one of 
the suitable statistical techniques. 

A relationship between pushing and pulling and low back complaints could not be 

determined, in contrast to the findings of several cross-sectional studies 39-77.7s.S7.i 28,167.211.233 

Although observed PRs were found to be between 1.5 and 2.0, these PRs were not significant. 

It was already mentioned that estimating PRs by Cox's regression analyses results in 

conservative estimation of confidence intervals 206. Considering the confidence intervals 

found for low back complaints, it can definitely not be concluded that there is no relationship 

between low back complaints and pushing and pulling. 

It was mentioned elsewhere in this thesis that psychophysical^ and physiologically 

determined guidelines for designing safe pushing and pulling tasks 169'214 and 
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recommendations based on biomechanical analyses of pushing and pulling need 

epidemiological validation. An attempt was made to epidemiologically study in detail the risk 

factors of pushing and pulling, which were described in chapters 2 and 4. Unfortunately, 

analyses of relevant sub-groups with contrast in exposure among the study population, for 

instance contrast between pushing and pulling, resulted in a considerable decrease of 

statistical power. Consequently, it appeared not to be possible to estimate the risk of the 

separate elements of pushing and pulling. To obtain such risk estimates the epidemiological 

study of pushing and pulling should have been designed accordingly. It would require 

selection of considerable numbers of workers with contrast in the exposure of interest. 

Otherwise, the study could be composed according to a case-referent design which is aimed at 

contrast in complaints rather than exposure. These objectives and corresponding study designs 

should be the subject of future research on pushing and pulling because existing pushing and 

pulling guidelines need epidemiological validation for effective strategies to prevent 

musculoskeletal complaints. 
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Conclusions and recommendations 

Conclusions 

The principle objectives of this thesis were: (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. The following can be concluded from 

the studies described in this thesis: 

Exposure assessment 

- Direct measurement methods are preferable to assess external push and pull forces in 

working situations for epidemiological studies. The level of exerted forces can be validly 

assessed using a one dimensional hand-held digital force gauge if applied in the working 

situation. 

- The level of exerted push and pull forces as well as the frequency and duration of pushing 

and pulling have to be assessed at the workplace to determine external exposure. 

- To obtain precise group estimates of the mean duration and frequency of pushing and 

pulling using systematic observation an efficient measurement strategy should be aimed at 

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

observations per worker. 

- To obtain precise group estimates of the mean duration and frequency of pushing and 

pulling using systematic observation at least 10 workers have to be observed when each 

worker is observed at least 8 random periods of 30 minutes. 

Mechanical exposure 

- An increased cart weight that is to be pushed or pulled considerably increases the exerted 

forces and, consequently, the mechanical load at the low back and shoulders. 

- Pushing or pulling at shoulder height in stead of hip height does not affect the level of 

exerted forces, but reduces the mechanical load at the low back and shoulder because of 

postural changes. 

- An increase in the level of exerted push and pull forces is only indicative of an increase in 

the mechanical load at the low back and shoulders if the posture or movement is not 

changed. 
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Musculoskeletal complaints 

Exposure to pushing and pulling is strongly related to shoulder complaints. 

No significant relation between pushing and pulling and low back complaints was found, 

but a relationship can not be ruled out. 

Stronger associations between pushing and pulling and musculoskeletal complaints were 

observed for more severe cases of complaints. 

Definition of exposure influences the observed relationship with musculoskeletal 
complaints. 

•commendations 

Recommendations for further research and development of methods 

The intensity, frequency, and duration of exposure should be assessed in epidemiological 

studies and simultaneously analysed in one epidemiological model to study the 

independent contribution of peak and cumulative exposure to the risk of musculoskeletal 
complaints. 

Research is needed to determine the validity and applicability of qualitative methods to 

assess the exposure to pushing and pulling in, for instance, ordinal terms. 

Biomechanica! models for estimation of the mechanical load at the shoulder should be 

applied more often in the study of working situations. 

To study the aetiology of musculoskeletal complaints, both exposure and complaints 

should be assessed simultaneously in terms of intensity, frequency, and duration for a 

considerable period of time, because of the high variability of exposure and the episodic 

character of these health complaints. 

Prospective studies of the aetiology of work-related musculoskeletal complaints should be 

initiated when workers are newly employed and at an early age to account for the healthy 

worker survivor effect. If possible, these workers should be followed for a considerable 

period of time to account for the induction period of degenerative musculoskeletal 
disorders. 

Epidemiological (intervention) research on pushing and pulling guidelines and ergonomie 

recommendations for pushing and pulling are strongly recommended to study the 

effectiveness as to the prevention of musculoskeletal complaints. 

Findings of this thesis suggest a tendency of women having more complaints and/or 

reporting more complaints while not having an increased risk for development of new 

complaints. This finding needs further study. 

Future studies should focus on the ability of workers susceptible for developing 

musculoskeletal complaints and workers with musculoskeletal complaints to perform 

physically demanding activities, e.g. pushing and pulling. 
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Recommendations for practice 

- To reduce the risk of slipping during pushing or pulling at work it is advised to provide 

workers with shoes with antiskid soles and to regularly clean the floor at the workplace. 

- For the application of the pushing and pulling guidelines of Mitai et al. 169 at the 

workplace, a simple one dimensional hand-held digital force gauge can be used to validh 

assess the initial and sustained forces during straight on pushing or pulling of a wheelec 

object. 

- To obtain reliable estimates of the initial and sustained forces for application of pushing 

and pulling guidelines, the measurements in a certain working situation have to be 

repeated at least five times. 

- It is not recommended to use reproduction of the actual task close to the actual workplace 

or self-reports by workers to obtain quantitative estimates of the level of exerted push and 

pull forces. 

- To obtain reliable estimates of the frequency and duration of activities at the workplace, 

for instance for application of pushing and pulling guidelines, it is recommended to 

observe at least 10 workers of a homogeneous group of workers when each worker is 

observed at least 8 random periods of 30 minutes. 

- In the design of pushing and pulling tasks it is recommended to maintain low cart weights. 

- Pushing and pulling tasks should be designed such that workers are able to push or pull at 

shoulder height. 

- Wheeled carts and comparable manual handling devices, and especially the wheels of the 

carts and devices, should mechanically be held in optimal condition as to maintain the 

required level of exerted push/pull forces as low as possible. Furthermore, obstacles at the 

workplace such as bumpy floors, kerbs, thresholds, or slopes should be removed and the 

floor should be regularly cleaned to prevent unnecessarily increased push/pull forces. 

- Workers who experience shoulder complaints should be advised to refrain from 

demanding pushing or pulling activities. 

- Pushing and pulling should not a priori be considered a safe alternative for heavy lifting 

in the transportation of large quantities of goods. As such, attention should be paid to 

optimise the design of the pushing and pulling tasks by, for instance, maintaining low cart 

weights. 

- Pushing and pulling activities need an equal amount of attention compared to lifting 

activities in the design of the working environment to prevent the development of 

musculoskeletal complaints. 
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