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1. Voor het bepalen van de blootstelling aan activiteiten op groepsniveau zijn weinig 

observaties bij veel mensen te prefereren boven veel observaties bij weinig mensen. 

(dit proefschrift) 

2. Weten is - helaas - veel meten, (ditproefschrift) 

3. Ook bij duwen en trekken gaat schouderhoogte boven heuphoogte, (ditproefschrift) 

4. Epidemiologische en biomechanische studies vullen elkaar aan in het onderzoek naar de 

effectiviteit van ergonomische aanbevelingen, (ditproefschrift) 

5. Duwen en trekken is meer een last voor de schouders dan voor de rug. (dit proefschrift) 

6. Prospectieve cohort studies met vragen naar klachten in de afgelopen jaren lijken minder 

geschikt voor onderzoek naar de etiologie van episodische klachten, (dit proefschrift) 

7. Waar wordt getrokken, wordt ook geduwd, en andersom, (dit proefschrift) 

8. Wanneer de collega's van een werknemer die geobserveerd wordt zeggen dat ze hem of 

haar nog nooit zo hard hebben zien werken terwijl het nog nooit zo rustig is geweest, 

wordt de representativiteit van de observatie twijfelachtig. 

9. Meet vooral geen tweede keer want dat levert variatie op. (X2001 congres, Göteborg, 

Zweden) 

10. Als je het niet trekt kan een duwtje helpen. 
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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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General introduction 

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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Pushing and pulling 
in relation to 
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Coronel Institute for Occupational and Environmental Health, AmCOGG Amsterdam 
Centre for Research into Health and Health Care, Academic Medical Centre / University of 
Amsterdam, The Netherlands 
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Chapter 2 

Abstract 

The objective was to review the literature on risk factors for musculoskeletal disorders related 

to pushing and pulling. The risk factors have been described and evaluated from four 

perspectives: epidemiology, psychophysics, physiology, and biomechanics. Epidemiological 

studies have shown, based on cross-sectional data, that pushing and pulling is associated with 

low back pain. Evidence with respect to complaints of other parts of the musculoskeletal 

system is lacking. Risk factors have been found to influence the maximum (acceptable) push 

or pull forces as well as the physiological and mechanical strain on the human body. The risk 

factors have been divided into: (a) work situation, such as distance, frequency, handle height, 

and cart weight, (b) actual working method and posture/movement/exerted forces, such as 

foot distance and velocity, and (c) worker's characteristics, such as body weight. Longitudinal 

epidemiological studies are needed to relate pushing and pulling to musculoskeletal disorders. 
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Introduction 

Despite extensive automation and mechanisation, the manual handling of materials still 

remains a substantial part of industrial work. In industrial settings, for instance, transportation 

of goods often requires manual services 104'231. In general, manual materials handling (MMH) 

means that objects are being lifted, lowered, carried, pushed or pulled by hand m . Scientific 

research concerned with health complaints related to MMH has mainly been focused at lifting 

and carrying loads 27'177. Less attention has been paid to pushing and pulling. However, it has 

been estimated that nearly half of MMH consists of pushing and pulling 12141. In, for instance 

the transport sector m , fire fighting 93'1S2, nursing '»^ .̂90,221.222^ c o n s t r u c t i o n J ^ «,2« a n d 

in specific tasks such as floor mopping 2 i ( U I 7 and garden raking I37>139 pushing and pulling 

activities are frequently performed. 

Derived from literature, pushing and pulling could be defined as the exertion of a (hand) 

force, of which the direction of the major component of the resultant force is horizontal, by 

someone on another object or person ,2161. In pushing the (hand) force is directed away from 

the body and in pulling the force is directed toward the body. This definition of pushing and 

pulling will be used for the present review. Note that an exertion offeree has not always to be 

directed horizontally to be called a push or pull force, for instance, in pulling a cord to start a 

lawn mower engine 86. Pushing and pulling activities can be distinguished in activities in 

which the object is not moved and in activities that result in a displacement of the object l48. 

With respect to the latter, the push or pull force is often divided into the initial force, required 

to accelerate the object, and the sustained force, to keep the object at a more or less constant 

velocity208. 

According to Chaffin 25
; the risk of health complaints (e.g. low back pain) induced by 

pushing and pulling can arise from two types of hazard. Firstly, the musculoskeletal system 

can become physically overexerted. Secondly, pushing and pulling is accompanied by an 

increased risk of accidents due to slipping or tripping, which can cause injuries to the 

musculoskeletal system 96. To gain insight into the causal relationship between health 

complaints and pushing and pulling, it is necessary to quantify the exposure to pushing and 

pulling 265. In terms of work-related factors, exposure can be expressed with three 

dimensions: intensity (amplitude and direction), frequency, and duration 272. If one of these 

dimensions deviates from its optimum value, the risk of musculoskeletal disorders increases. 

On the other hand, combinations of submaximum values of all three dimensions can together 

also increase the risk of health complaints. Therefore, the dimensions should be examined so 

that the maximum as well as the submaximum combinations of values are covered. Similarly 

to the approach adopted in the knowledge base leading to the NIOSH guidelines for lifting 177, 

the three dimensions are evaluated in the light of four perspectives: epidemiology' 
psychophysics, physiology, and biomechanics 9>40^265.276 L l t e r a t u r e from t h e s £ ^ 
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Chapter 2 

perspectives with respect to pushing and pulling is ordered by means of a conceptual model 

presented in figure 1. 

Externa] Exposure 

Work Situation 

Actual Working Method 

Posture 
Movement 

Exerted Forces 

Internal Exposure 

Acute Responses 

Long-term effects 

Work 
Capacity 

Figure 1. Conceptual model by which the literature presented in this review is ordered. The 
model is based on the model of Westgaard and Winkel 267 and the dynamic model of 
"workload" proposed by Van Dijk et al. 255. 

This model is based on the model of Westgaard and Winkel 267 and the dynamic model of 

"work load" proposed by Van Dijk et al155 (for detailed explanation of the terminology used 

see 
60.187,238 

'). In the present model, a certain work situation, e.g. the task to displace a cart, can 

be accomplished with the actual working method, e.g. the way to push or pull the cart. This 

will lead to posture or movement of the human body and the exertion of forces. The work 

situation, the actual working method, and the posture/movement/exerted forces are considered 

as external exposure. According to Westgaard and Winkel267, the external exposure gives rise 

to internal exposure, e.g. compressive forces at the intervertebral discs in the lower back. As a 

result, acute responses can be observed, which are temporary short-term physical and mental 

effects, such as changes in heart rate, oxygen uptake, and feelings of fatigue. Responses can 

lead to long-term effects, e.g. a worsened or improved physical health. The work capacity of 
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the worker occupies a prominent place in the model. The work capacity depends on the whole 

of physical, cognitive, and mental characteristics and capacities of a worker, for instance, 

muscular strength, body weight, gender, and the motivation to use the capacities I87. With 

respect to the four perspectives mentioned above, the epidemiological literature will render an 

overview of the external exposure to pushing and pulling in relation to long-term health 

effects, i.e. musculoskeletal disorders. The psychophysical and physiological perspectives are 

aimed at the influence of external exposure on acute responses. The biomechanical literature 

is mainly concerned with the relation between external exposure and internal (mechanical) 

exposure. 

The objective of this review is to describe and evaluate risk factors for the development 

of musculoskeletal disorders associated with pushing and pulling activities derived from the 

four perspectives mentioned above. The risk factors will be described according to the model 

of figure 1 and will be discussed separately for each of the four perspectives. The risk factors 

will be divided into: (a) work situation (table 1), (b) actual working method and 

posture/movement/exerted forces (table 2), and (c) worker's characteristics (table 3). 

21 
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Epidemiology 

Many authors have suggested pushing and pulling as an occupational risk factor for low back 
nn.n 36.39,41,77,87,120,128,171,177,191,199,211 nu . • , j • I7f) 

P a i n , although evidence is considered weak or inconsistent . 

NIOSH 177 has reported that 20% of the injury claims for low back pain are associated with 

pushing and pulling. Klein et al. I28 found only 9% of workers' compensation claims for back 

strains related to pushing and pulling, where overexertion as a general category (including 

lifting, pushing and pulling) accounted for 72% of all back strains and 19% of the 

compensation claims were spent on back injuries. Other epidemiological studies found that 

9%-18% of the low back injuries were associated with pushing and pulling 87-148167'211 

Frymoyer et al. 7 compared patients of a family practice with and without low back 

pain as to occupational risk factors. Pushing and pulling was significantly related to low back 

pain. For men, pushing and pulling within the group with low back pain was a risk factor in 

20% of the cases compared to 2% for the group without low back pain. For women, this was 

31% and 2% respectively. Harber et al. 103 investigated the relationship between back pain 

and work factors by using responses to questionnaires administered to hospital nurses. 

Carrying and pushing were combined in one factor and were significantly related to back 

pain. The carry/push factor was still significantly related to back pain when previous back 

injuries were taken into account. In another questionnaire study, Dutch workers were asked 

whether they frequently pushed or pulled objects at work 6I. Workers who frequently pushed 

or pulled reported low back pain more often in the preceding 12 months than those who did 

not frequently push, pull, carry, or lift objects at work. This study also showed that pushing 

and pulling is frequently accompanied by lifting and carrying objects. 

None of the studies mentioned above have related low back pain to quantified exposure 

to pushing and pulling. Self-reports as well as selection on job title, for which it can be 

expected that pushing and pulling is a common feature, can only provide indications of 

external exposure I26. Only Damkot et al. 39 have (cross-sectionally) investigated the 

relationship between the exposure to pushing and low back pain. Pushing exposure was 

derived by multiplying the weight of pushed objects by the number of pushing efforts 

required each day (weightday units). Of the 59 respondents 64% reported moderate to severe 

low back pain. The subjects without low back pain showed an average of 326 weightday 

units, while the subjects with moderate and severe low back pain showed 532 and 1612 

weightday units respectively. The results showed a significant relation between pushing 

exposure and low back pain. 

As Chaffin has pointed out, pushing or pulling is accompanied by an increased risk 

for slipping or tripping. A reasonable part of low back injuries are associated with slipping or 

tripping accidents 36-87'157. Snook et al. 2U found that 7% of low back injuries were associated 

with slipping, tripping and falling. Manning and Shannon IS9 showed that slipping accidents 
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led to 33% of the total lumbosacral injuries. Finally, Manning 156 reported that of 122 

accidents causing back pain, 47% were associated with slipping. The percentages mentioned 

above do not reflect the actual cause of slipping or tripping. However, Manning et al. 158 

showed that 13% of the slipping accidents that resulted in low back pain were associated with 

pushing and pulling. 

The relationship between pushing and pulling and musculoskeletal disorders other than 

low back pain has not been extensively studied. The shoulder region and upper extremities 

could also be of risk. Van der Beek et al. 233 found a significantly increased risk for pain or 

stiffness in the neck/shoulder, upper and lower extremities when lorry drivers who regularly 

pushed or pulled wheeled cages were compared to those who only had a driving task. 

Furthermore, shoulder complaints are associated with working above acromion height, 

twisted postures, and isometric load of the shoulder muscles 515"-226-263
; which are frequent 

features in pushing and pulling tasks. 

From epidemiological studies it can be concluded that pushing and pulling is associated 

with the occurrence of low back pain. Comparison of the results from the different studies is 

difficult because they are not independent of their cultural context, e.g. social security and 

legislation. Whether the relation between pushing and pulling and low back pain is causal 

remains unclear because of the cross-sectional designs used in the described studies. In future, 

epidemiological studies with longitudinal designs are needed to clarify the causality. 

Conclusive evidence with respect to complaints of other parts of the musculoskeletal system 

is lacking, but it is likely that also shoulder and upper extremity complaints are related to 

pushing and pulling. 
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Psychophysics 

The greater part of scientific literature concerned with pushing and pulling has been focused 

on psychophysics. From a psychophysical point of view risk factors for the development of 

musculoskeletal complaints can be evaluated in two ways. Firstly, risk factors can influence 

the maximum isometric or isokinetic push or pull strength for a single exertion, from which 

the maximum work tolerance on a working day can be indirectly obtained 265. Secondly, risk 

factors can give direct indications by their influence on the maximum acceptable forces for an 

extended period of time (working day), these have been extensively studied by Snook and co

workers ' * " . The determination of maximum acceptable forces depends on the 

assumption that an individual can estimate his or her maximum work tolerance without 

experiencing health complaints during a certain work period. In terms of external exposure, 

frequency of a certain pushing or pulling task and working hours (duration) were controlled 

during these experiments, while the subjects were given control of the level of the exposure. 

The subjects adjusted their maximum acceptable push or pull force dependent on their own 

feelings of exertion or fatigue 208. The independent variables in these experiments can be seen 

as risk factors. In general, the risk of developing musculoskeletal disorders increases when 

exerted forces on a working day approximate the maximum strength and when maximum 

acceptable forces are exceeded. 

Work situation 

In table 1 results of psychophysical studies, which investigated the effect of factors related to 

task and environment, are summarised. The maximum acceptable initial and sustained forces 

decreased as the distance that the object had to be displaced increased 32'169.208-214.215
 an(j the 

frequency of pushing and pulling activities increased 32169'208.214, The handle height, or point 

of application of the exerted force, showed an optimum in relation to the maximum push 

force. Most studies found maximum exerted (horizontal) push forces for handle heights from 

one meter to shoulder height io.32,i3s,i4i.i69,208,2i4,264_ F o r p u l l i n g ; l o w e r h a n d l e h e i g h t s r e s u l t e d 

in larger exerted forces 10-28.72.|69.208-2l4-2«4_ N o t e m a t w i m v a r j a t i o n m handle height the 

posture of the person often changes, this determines to a large extent the exerted forces (see 

biomechanics). Finally, an increased environmental temperature (21.5°C - 30.3°C) resulted in 

a decreased maximum acceptable work load, which was obtained by multiplying the exerted 

force, distance and frequency of the push and pull activities 213. 
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Actual working method and posture/movement/exerted forces 

Table 2 presents the effects of the actual working method and posture/movement/exerted 

forces. The factors, which are presented in table 2 as single independent factors, are closely 

related to each other (see biomechanics). The maximum pushing force increased by placing 

the feet further away from the point of application of the force or by placing one foot in front 

of the other ' . An increased maximum pulling force was achieved by a decrease of the foot 

distance or, if possible, by placing the feet in front of the hands l0. Furthermore, according to 

Chaffin et al. , using both hands increased the maximum push or pull force compared to 

using one hand, although Fothergill et al. 71 found this to be true only for pushing. Postural 

asymmetry was associated with decreased force exertion capabilities 141. 

When the maximum exerted forces for pushing and pulling are compared, results are 

inconsistent. Daams and Keyserling et al. 125 found no significant differences between 

pushing and pulling against a fixed object. Three highly standardised studies of isometric 

strength found maximum pulling force to be larger than maximum pushing force 124138141. 

When pushing or pulling resulted in a displacement of the object, either pushing resulted in 

higher maximum exerted forces or differences between pushing and pulling were not found 

' ' . Furthermore, studies of push or pull actions that resulted in a movement of the object 

found larger exerted isometric forces when compared to isokinetic forces 138-141168. An 

increase in one handed arm-pulling velocity resulted in a decrease of the pull force 84. 

Worker's characteristics 

Gender and body weight are worker's characteristics that have been investigated in relation to 

pushing and pulling (table 3). Males were capable of exerting larger push or pull forces than 
+-„™„1„„ 38,71,124,125,138,141,169.208,212,214 . • • , , • , . w , • c ., 
females . An increase m body weight resulted m an increase of the 
maximum push and pull forces 10. 

Remarks and Conclusions 

Although it has been stated that the maximum acceptable work load is based on subjective 

interpretation of biomechanical and physiological stress 9'140>265
) the maximum acceptable 

forces were overestimated at high frequencies because the physiological stress was above 

acceptable values ' ' . As a result, the maximum acceptable push/pull forces had to be 

adjusted such that physiological criteria for daily work load (33% FC^max) were not violated 
169,214 

The results of psychophysical studies presented so far showed no indications of certain 

body parts that could be at risk. Resnick and Chaffin 197 measured the rate of perceived 

exertion (RPE) during pushing and pulling of manual handling devices. The arms and legs 

were the body parts most stressed, but fatigue or stress at the back was not reported. 
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Therefore, they concluded that measurements of the rate of perceived exertion may not be a 

reliable way to indicate possible health risk for the back. Garcin et al. " compared the RPE 

during two types of pushing while walking on a treadmill: pushing with the hands against a 

bar at waist height and hauling a load using a pelvic belt. The mean RPE was higher during 

pushing than hauling. Moreover, during pushing the subjects complained of muscle pains in 

the arms and the back and of articular pains in the shoulders and the wrists. During one 

handed pulling tasks, the shoulders were perceived most stressed 84. High speed pulls and 

pulling at 50-60% shoulder height were rated as most comfortable by the subjects. They 

concluded that one handed pulling tasks should be performed at slow speeds to maximise 

workers' strength capability and minimise overexertion injuries. Finally, Abel and Frank ' 

reported that subjects noted discomfort in the shoulder area while pushing against a high 

handle. 

It can be concluded that with psychophysics many aspects of pushing and pulling can be 

identified that affect maximum forces and maximum acceptable forces. These aspects can be 

seen as risk factors for musculoskeletal disorders when pushing and pulling tasks are designed 

in such a way that the actual pushing and pulling forces approach or exceed the maximum 

(acceptable) forces. Furthermore, the shoulder was subjectively perceived as the body part 

most stressed during pushing and pulling. 
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Physiology 

Activity of large muscle groups, under isometric and kinetic conditions, will strain the 

cardiovascular, pulmonary, and musculoskeletal systems. The musculoskeletal system can be 

at risk when muscular actions cause local muscular or overall fatigue. Regular signs of fatigue 

can be considered as a warning mechanism also preventing overstraining the musculoskeletal 

system . A safe level of physiological strain to complete a working day of 8 hours without 

experiencing problems of fatigue or discomfort can be expressed with an absolute value of 

energy expenditure ". However, at the same level of energy expenditure, individuals are 

strained differently and therefore the acceptable level of energy expenditure should be 

presented as a percentage of the individual's maximum oxygen uptake (F02max) ".In short, 

the risk of musculoskeletal disorders increases when regular signs of fatigue are ignored and 

the work load is not adjusted according to the maximum acceptable level of physiological 

strain. 

Work situation 

With respect to pushing and pulling, the weight of the object to be pushed or pulled has been 

of much interest when physiological costs are considered (table 1). Datta et al. 42'43 

investigated the energy costs of pulling handcarts, which actually should be considered as 

pushing following the definition given in the introduction. They found an increase in energy 

expenditure (É ), pulmonary ventilation (V E), and heart rate (HR) with an increase in cart 

weight. The È and HR also increased when pushing or pulling heavier wheeled cages at the 

postal services in the Netherlands m. Frings-Dresen et al. 75 compared the energetic load of 

two methods of refuse collecting. Subjects had to push and pull loaded two-wheeled mini-

containers of 240 litres and large four-wheeled containers of 1100 litres. In the laboratory, the 

tasks with the containers were simulated, the simulation was guided by a field analysis 74. 

Handling of the large container resulted in a lower energetic work load than handling of the 

mini-container. However, fewer large containers had to be emptied on a working day than 

mini-containers, which shows that in the actual work situation a heavier container need not 

always result in higher physiological strain. With respect to handle height, Ciriello and Snook 

'- found no significant differences in HR and oxygen uptake (V 02) among the heights that 

were studied. Based on subjective feelings of fatigue, Ayoub and McDaniel 10 stated that the 

optimum handle height should be as low as possible and foot distances as large as possible to 

delay onset of fatigue. 
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Actual working method and posture/movement/exerted forces 

Factors related to the actual working method and posture/movement/exerted forces have not 

been extensively studied for physiological effects. When pushing was compared to pulling, 

Nijenhuis and Roseboom 176 reported that pulling a wheeled cage resulted in the highest É for 

all weights studied (table 2). The differences in HR were in the same direction, but were not 

significant. 

Worker's characteristics 

For completing the same tasks, Nijenhuis and Roseboom l76 found that male subjects needed 

on average a higher absolute level of É but a lower HR than female subjects (table 3). Ciriello 

and Snook 32 found no significant differences in HR between men and women. They 

concluded that male and female subjects chose the maximum acceptable forces that produced 

similar cardiovascular strain. 

Remarks and Conclusions 

It is often assumed that a job can be divided into simple tasks and that the average metabolic 

energy expenditure rate of the job can be predicted by knowing the energy expenditure of the 

simple tasks and the duration of the job 14'85'202203. with respect to pushing and pulling, Garg 

et al. found the additional energy expenditure for pushing and pulling to be related to the 

exerted force and distance: É (W)=(6.0+24.6xForce(N))xDistance(m), for pushing and pulling 

at a handle height of 1.5 m (tables 1 and 2). Based on oxygen measurements at the automobile 

manufacturing industry, Bernard and Joseph 14 proposed a classification of jobs. Light 

pushing and pulling jobs were characterised by application of a push/pull force and no 

walking and heavy pushing and pulling jobs were characterised by sustained application of 

force over distance (walking). 

For pushing and pulling while standing, Sanchez et al. 2CB found the V 02 and HR to 

increase linearly with the exerted force (table 2). Combining pushing and pulling with 

walking resulted in higher oxygen and cardiac costs, while the linear relationship with the 

exerted forces was still present. Moreover, pushing while walking was accompanied with 

higher energetic costs than pulling while walking. These results are in contrast with the results 

reported by Nijenhuis and Roseboom m. However, the subjects of Sanchez et al. 203 were 

instructed to walk forward during pushing and pulling, while the subjects of Nijenhuis and 

Roseboom 176 walked backwards while pulling and forward while pushing. Sanchez et al. 203 

explained the lower physiological costs when pulling and walking through the performance of 

negative work, i.e. the body is pulled forward and has to be decelerated while walking 

forward, which is accompanied with lower energy costs than positive work. 
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Pushing and pulling is frequently accompanied by isometric muscle activity in the trunk and 

upper extremities, which influences the cardiovascular system. An elevated blood pressure 

has been reported during tasks with isometric muscle activity 91154 and the HR was found to 

increase more than the V02
 m2m. Maas et al. 153 found that the HR can be used to predict the 

V02 when carrying weights of maximum 10 kg, more isometric muscle activity resulted in an 

overestimation of the V02 at a given HR. Garcin et al. 83 compared the physiological strain of 

pushing with the hands against a bar and hauling a load using a pelvic belt. Hauling mainly 

involved kinetic muscle activity while pushing involved isometric muscle activity of the arms 

and shoulders. For a given V 02, the mean values of the HR were higher during pushing than 

during hauling, which was attributed to the added isometric muscle activity. Although the 

relationship between HR and V 02 can be established during the performance of the actual 

work activities, it is difficult to evaluate different pushing and pulling tasks with varying 

degrees of isometric muscle activity for the risk of fatigue from measurements of V 0 2 and 

HR at the workplace '4'91. Furthermore, although not applied in the described studies, the HR 

response is best expressed as a percentage of the heart rate reserve (HRR) of the subject to 

take variations in HR between individuals into account "8. The HRR is calculated as the 

difference between the maximum HR and the resting HR. 

In summary, it has become apparent that studies that have investigated the physiological 

effect of different pushing and pulling tasks are scarce and that only a few risk factors can be 

identified. Influence of distance, handle height, cart weight, hand force and gender on overall 

physiological strain have occasionally been studied as well as the differences between 

pushing and pulling. The relationship between pushing and pulling and local muscle activity 

and corresponding fatigue is still unclear. 
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Biomechanics 
Biomechanical models can be used to predict mechanical stress on the musculoskeletal 

system. The models are relatively simple representations of the human body, because 

assumptions on the anatomical structures have to be made. With respect to pushing and 

pulling, risk factors for musculoskeletal disorders can be identified when biomechanical 

models predict an increase in mechanical stress. If the mechanical stress exceeds the load 

bearing capacity of certain structures, the structures can get damaged and musculoskeletal 

disorders may develop 134. Furthermore, the biomechanical models can provide insight into 

interaction of the different risk factors 9. Among the factors presented in tables 1-3, 

interactions of handle height, foot distance, anthropometry, posture, foot/floor friction and 

body weight have been reported 1028148
i The models can also help to evaluate tasks with 

respect to personal and environmental constraints and safety94. 

Relations between the risk factors and the maximum isometric push/pull strength can to 

a large extent be explained through the application of a whole body analysis (e.g. 63-95). For 

instance, in pushing against a fixed object (figure 2), an increase in body weight, body height 

or foot distance (an increase in foot distance often results in a decrease in handle height) will 

increase the forward turning moment of the body around the centre of pressure at the feet 

(CoP). The forward turning moment is the product of body weight and the horizontal distance 

between the centre of gravity (CoG) and the CoP. To preserve postural balance, the increase 

in the forward turning moment of the body has to be counteracted by an increase in the 

backward turning moment (product of the handreaction force (Fhr, which is equal but opposite 

to the exerted hand force) and the shortest distance between the CoP and the line of action of 

Fhr). Thus, the exerted push force has to increase. The horizontal component of the exerted 

push or pull force is limited to the maximum friction force at the feet. Slip will initiate when 

the ratio of the friction force (Ff, which is equal but opposite to the horizontal component of 

the push or pull force) to the normal forces (Fn) at the feet exceeds the maximum coefficient 

of friction . The maximum coefficient of friction is determined by the kind of floor surface 

and shoe soles. Thus, an increase in the push/pull force will result in an increase in the 

required coefficient of friction (u: ratio between Ff and Fn)
 121'131 (table 2). Furthermore, an 

increased body weight is accompanied by a decreased u 147-149 (table 3). This means that those 

who are strongest in relation to their weight are most liable to slip during the exertion of the 

force . Also a vertical component of the exerted force will influence the risk of slipping. For 

instance, pulling at a low handle height is often accompanied by a downward directed 

handreaction force. This results in a decreased u, 147-149 (table 1). 
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Figure 2. Representation of a freebody diagram of a pushing subject. CoP = centre of pressure 
of the groundreaction force (Fg) at the feet, Fn = normal forces, Ff = friction forces, 
CoG = centre of gravity, PoA = point of application of the handreaction force (Fhr). 

In the studies presented in tables 1-3, the push or pull force of interest was always the 

horizontally directed force. However, the actual or resultant force usually has a vertical 

component '•10-71-97188-247-264 j n fact> m e greatest horizontal component can even be achieved 

by intentionally directing the exerted force in another direction than horizontal71'97. However, 

Fothergill et ai 71 state that there is little to be gained by using a deviated component in 

horizontal pulling at a handle height of one metre. Muscle force is used to direct the exerted 

force in directions other than at right angles to the foot-hand line (Fhr in figure 2), which is 

determined by distribution of body weight95. 

Work situation 

Direct measurement of mechanical load on the musculoskeletal system is very difficult. For 

pushing and pulling, mechanical load on the lower back has been indirectly assessed through 

measurement of the intra-abdominal pressure (IAP) 45"47. The IAP is supposed to be related to 

the intra-discal pressure 44 and occupations with an IAP >13.3 kPa have been found to be 

associated with an increased liability to reportable back injuries '74. A handle height at waist 

level resulted in the highest push/pull forces that were accompanied by a safe level of IAP 

(12.0 kPa) (table 1). 

With the above described biomechanical model dangerous situations can be identified 

with respect to the risk of slipping. However, this model does not predict strength limits or 

identify loads that may be hazardous to the lower back or specific joints '21. More detailed 

models of the human body have to be used to predict the load on the musculoskeletal system 
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ia „ 6,10,26,53,80,114,148,196-. n , u ., , .. , . ,A , , , - , , . 

(e.g. ). With respect to the work situation (table 1), the compressive forces 

(Fc) at the lower back while pushing are largest at handle heights where the greatest push 

forces are exerted 10'28-80. For pulling, only Lee et al. 148 reported an increase of Fc when the 

handle height increases. For pushing an attendant propelled wheelchair Van der Woude et al. 

found no difference in Fc between the investigated handle heights, but the mechanical load 

on the shoulder was less at higher handle heights. Gagnon et al. 80 also studied the shear 

forces (Fs) at the lower back during pushing at different handle heights (range 0.58-1.41 m). 

The Fs was largest at the high handle height. Also De Looze et al. 53 found a significant effect 

of the handle height of refuse containers on the Fs, but not on the Fc. They reported lower Fs 

for higher handle heights (range 0.90-1.16 m). An increased weight of a cart requires larger 

push or pull forces and is accompanied by an increase in Fc and Fs at the lower back 53-129196. 

Larger push or pull forces while transporting a cart can also be caused by obstacles, for 

instance, when pushing a cart uphill or when the wheels of the cart are not parallel to the 

pushing or pulling direction 271. Jäger et al. 115 simulated the transport of a large refuse 

container across a kerbstone and found an increase in the net moment at the lower back with 

an increase of the kerbstone. For transversing step obstacles with an attendant propelled 

wheelchair, Petzäll found an increase in the exerted forces with higher step obstacles. Van 

der Woude et al. found increased mechanical load on the lower back and the upper 

extremities when pushing a wheelchair on a slope was compared to pushing on a flat surface. 

However, the net moments around the wrists and elbows were kept close to zero, which 

means that the joints were close to the line of action of the push force 1,22S. Similar results 

have also been reported by Pheasant and Grieve 189, who found that push/pull forces were 

exerted in a direction close to the line joining the hands and feet (figure 2). They state that 

joints of the body are brought close to this line to minimise the torque, which the muscles 

acting about these joints are required to exert, and thus minimise musculoskeletal load. 

Actual working method and posture/movement/exerted forces 

When the actual working method and posture/movement/exerted forces are considered (table 

2), an increased push or pull force resulted in an increased Fc
 147-148-247. As an increased 

walking velocity while pushing or pulling requires larger push/pull forces, this is 

accompanied by an increased Fc
 147148. Because of an asymmetric posture, Jäger and 

Luttmann found a higher Fc during one handed pulling. They also concluded that pulling 

with the trunk upright resulted in higher mechanical stress on the lower back than pulling in a 

bending posture. When pushing and pulling are compared, pulling was found to result in a 

higher Fc than pushing 147-148. De Looze et al. 53 reported significantly higher peak Fc and Fs 

during pulling a large four-wheeled refuse container when compared to pushing. However, 

based on IAP measurements, Davis and Stubbs 45"47 reported that maximum acceptable forces 
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were always greater for pulling than for pushing, which would indicate less mechanical stress 

on the lower back during pulling 44'48. 

Workers' characteristics 
Of the workers' characteristics presented in table 3, an increased body weight was 

accompanied by an increased Fc
 147-148. 

Remarks and Conclusions 
The biomechanical models have to be simple representations of the human body and 

anatomical structures to predict mechanical stress. A model of the human body with linked 

segments is used to calculate net moments around joints 51. The net moment around a joint is 

the resultant of all moments around the joint caused by the different anatomical structures. 

Net moments give no information about the mechanical stress on the structures, e.g. the 

compressive forces on the intervertebral discs. A more detailed model of the joint is needed to 

distribute the net moment over the different structures. Simple one-muscle models have been 

used to predict the compressive forces on the intervertebral disc in the lower back 

io.53.8o.i48,i96̂  ^ ^ y^jjjjy 0fsucn models was found to be low when used for pushing and 

pulling . With respect to the shoulders, wrists and elbows, net moments were relatively small. 

However, the net moments are often the result of co-activation of antagonistic muscles to 

establish the required direction of the push/pull force and this can result in mechanically (and 

physiologically) stressful situations 256. More detailed models of the shoulder are needed to 

calculate mechanical stress on the anatomical structures of the shoulder during pushing and 
11- 243.244 

pulling 

It can be concluded that much attention has been paid to the mechanical load on the 

lower back during pushing and pulling, but knowledge of the mechanical load on the upper 

extremities is insufficient. There are indications that mechanical load on the upper extremities 

is minimised by exerting the push or pull force in a mechanically favourable direction. This 

stresses the importance of the vertical component of the exerted force in, what seem to be, 

horizontally directed actions. 
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Discussion 

Risk factors for the development of musculoskeletal disorders associated with pushing and 

pulling have been reviewed from four perspectives: epidemiology, psychophysics, 

physiology, and biomechanics. Generally, it can be concluded that scientific research 

concerning pushing and pulling has mainly been focussed at the exerted forces, i.e. the level 

of the external exposure. The relationship between exerted push/pull forces and 

musculoskeletal disorders has not widely been investigated, although it seems plausible that 

an increase in exerted forces will eventually increase the risk of musculoskeletal disorders. 

Many features of pushing and pulling activities have been found to influence the exerted 

forces and are therefore likely to influence the risk of health complaints. 

The internal exposure and physiological responses during pushing and pulling activities 

have not been studied as extensively as the exerted push/pull forces. Some attention has been 

paid to the mechanical loading of the shoulders and the lower back. The mechanical load is 

often expressed as a net moment around the joints. However, the calculated net moments 

cannot be compared to maximum acceptable values as with the compressive forces at the 

lower back 247. The generally accepted NIOSH action limit of compression forces on the L5-

Sl intervertebral disc is based on in vitro studies and it is assumed that this can be tolerated 

by young and healthy men 92-177-265. Compressive forces above the maximum permissible 

limit, as proposed by NIOSH, were associated with a significant increase of musculoskeletal 

disorders. The same would apply to the shear forces on the lower back. Although Garg and 

Owen 88 reported higher shear forces in lifting than in pulling activities, the shear forces could 

contribute to the development of back disorders. However, little is known about the maximum 

shear forces that can be tolerated 143. Furthermore, these limits consider the effect of peak 

forces on the development of damage to the intervertebral discs. The effect of repetitive 

submaximum loading is still insufficiently known 20>56>101.134 

To date, epidemiological studies have considered pushing and pulling as a wide 

concept. Cross-sectional studies found associations between pushing and pulling and 

musculoskeletal complaints. It is of interest to know which aspects of the pushing and pulling 

activities can be considered as potentially dangerous. In this review many aspects of pushing 

and pulling have been presented that could influence the risk of musculoskeletal disorders. 

Whether or not these aspects are risk factors still has to be established through 

epidemiological research with longitudinal designs that are specifically focused at pushing 

and pulling. One factor of interest is whether something should be pushed or pulled. Results 

presented in table 2 are inconsistent. Psychophysical^ determined maximum acceptable 

forces are higher for pushing than for pulling which would indicate that pushing is preferable. 

Nicholson compared the psychophysical^ determined maximum acceptable forces with 

those based on IAP measurements. Results for pushing were in close agreement but for 
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pulling the maximum acceptable forces based on IAP were considerable greater than those 

recommended psychophysically. However, the relationship between IAP and the mechanical 

load on the spine is still up for debate 37Jfo. From a physiological point of view, pushing 

should be preferred because pulling is associated with a higher HR and V 02. When 

compressive forces at the low back are compared for pushing and pulling, biomechanical 

models indicate lower mechanical load when pushing, because the lever arm of the trunk 

flexors are much larger than the lever arm of the trunk extensors 6-80-131'148. 

Three recommendations for future research with respect to pushing and pulling can be 

deduced from the results of the present review. Firstly, the relation between pushing and 

pulling and musculoskeletal disorders should be investigated through epidemiological studies 

with longitudinal designs. These studies should include internal and external exposure 

measurements to get exposure-effect relationships m. As already stated in the introduction, 

the exposure should be quantified in terms of intensity, frequency, and duration. Secondly, 

epidemiological research should be aimed at risk factors of pushing and pulling, such as 

distance, frequency, handle height, cart weight, foot distance, hand force, posture and 

anthropometry. Finally, musculoskeletal disorders other than low back pain should be given 

more attention. Ultimately it should be possible to provide a solid scientific basis for 

guidelines concerning pushing and pulling to prevent musculoskeletal disorders. 
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Abstract 

Although pushing and pulling is very common in occupational settings, this type of manual 

materials handling is less well studied than lifting and carrying. Several issues should be 

considered when obtaining exposure measures in epidemiological field studies on pushing 

and pulling. The purpose of this article is threefold: (i) to critically evaluate different methods 

to assess push and pull forces, (ii) to describe measures of exposure to pushing and pulling, 

and (iii) to consider measurement strategies for assessment of exposure to pushing and 

pulling. 

Firstly, information on the level of exerted forces with the accuracy needed for 

epidemiology can only be obtained from direct measurement methods. These methods are 

particularly required when push and pull tasks are biomechanically analysed, implying that 

also force direction and point of application relative to the worker have to be assessed. 

Secondly, to obtain a limited number of external exposure measures that reflect exposure to 

pushing and pulling over time, aggregation of various force measurements is suggested. 

Internal exposure measures and parameters corresponding to guidelines are also described. 

Thirdly, for truck drivers and refuse collectors a strategy of approximately five repeated 

measurements for each representative working situation is advised to obtain a reliable 

estimate of an individual's exposure to pushing and pulling. 

Relevance to industry 

An overview is given of methods to assess forces accompanying pushing and pulling, which 

are very common activities in industry. Examples of exposure measures and measurement 

strategies in studies on adverse health effects of pushing and pulling are presented. Such 

studies should eventually stimulate prevention of work-related musculoskeletal disorders. 
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Introduction 
Trolleys, wheeled containers, hand-pallet trucks, wheeled cages, and other wheeled manual 

handling aids make it possible to transport large quantities of goods simultaneously and to 

prevent hazardous lifting and carrying activities. Thus, it seems that logistics of companies as 

well as workers' health will benefit from an extensive use of these aids. The handling of these 

aids mainly involves pushing and pulling, and it has been estimated that nearly half of all 

manual materials handling (MMH) consists of pushing and pulling '2. However, this type of 

MMH is less well studied than lifting and carrying, and there are hardly any epidemiological 

data available to answer the question of whether pushing and pulling is related to 
T l 1 1 7 1 T. ~l 

musculoskeletal complaints ' ' .In spite of this lack of knowledge, pushing and pulling is 

generally mentioned as a risk factor associated with the occurrence of low back pain (e.g. ' " ) . 

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

or another person, provided that the direction of the largest component of the resultant force is 

horizontal 112. In pushing, the (hand) force is directed away from the body and in pulling the 

force is directed towards the body. The push and pull forces are usually distinguished into the 

initial force which is required to accelerate the object, and the sustained force to keep the 

object at a more or less constant velocity 214. To continue this line of reasoning, an ending 

force required to decelerate the object can be considered too 274. Consequently, when 

obtaining exposure measures for epidemiological field studies, the initial forces, sustained 

forces, as well as ending forces have to be assessed in the case of moving manual handling 

aids. Apart from the distinction between different forces, several other issues should be 

considered, such as the available methods to accurately assess these push and pull forces, the 

aggregation of exposure measurements including the different exposure dimensions, the 

requirements data should meet to enable assessment of external and internal exposure 

measures, and the required number of repeated measurements. Therefore, the purpose of this 

article is threefold: (i) to critically evaluate different methods to assess push and pull forces, 

(ii) to describe measures of exposure to pushing and pulling, and (iii) to outline measurement 

strategies for assessment of exposure to pushing and pulling. When possible, results of recent 

studies on pushing and pulling are presented by way of illustration. It is stressed that the 

presented methods, exposure measures, and measurement strategies serve only as examples 

illustrating the general direction that epidemiological research should take. 
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Assessment of push and pull forces 

In epidemiological studies assessments of push and pull forces should yield unbiased 

estimates of the exerted forces. The use of self-reports of the workers is the easiest method to 

obtain information on exerted push and pull forces, but this can only generate categorical data 

with a strong likelihood of considerable misclassification. Already in the early 1970s it was 

reported that exerted forces over 130 N were experienced much greater than they actually 

were . Kumar also found that the perception of level and duration of the force exertion 

significantly differed from the actual values. Furthermore, it has been demonstrated that self-

reported levels of push and pull forces in simulated, familiar tasks are inaccurate 269. 

Ranking of occupational groups into ordinal exposure scales with respect to level of the 

exerted forces can be obtained by expert judgements, either during a walk-through or while 

systematically observing the workers. However, when quantitative assessments are needed 

bias might occur when ergonomists solely rely on their own judgements. Even when the 

weight of the handled objects is known, push and pull forces are difficult to assess on the face 

of it. By way of illustration, recent measurements of push and pull forces exerted by 

construction workers building sand-lime brick walls yielded a rather surprising finding 236. 

These large and rather heavy bricks hang on a small crane, and the workers manually 

manoeuvre the bricks to the right position upon the wall that is being built. Force 

measurements were performed at the construction site for two different sand-lime bricks, i.e. 

the standard size and half of the standard size. The bricks have differences in weight 

corresponding to their size. It appeared that the mean forces (around 35 N) and the peak 

forces (around 70 N) were the same for standard and half size bricks. Thus, in this particular 

situation knowledge of size and/or weight of the bricks does not give the ergonomist useful 

information for the estimation of exerted push or pull forces. 

It is our opinion that direct measurement methods are the only serious option to assess 

the level of the exerted forces with the accuracy needed for ergonomie epidemiology. 

Methods vary from simple, hand-held force gauges to more sophisticated devices that 

measure the external push and pull forces in three dimensions 234. For 'quick and dirty' risk 

assessment a force gauge will be sufficient to get an impression of the required forces. 

However, these instruments only yield information regarding the resultant of the external 

push and pull forces (i.e. the level in one dimension), whereas for epidemiological studies it is 

sometimes necessary to estimate level and direction. In particular when aiming at 

biomechanical analysis of pushing and pulling activities, when detailed information on level, 

direction, and point of application of the forces is inevitable. Figure 1 shows the mean of 20 

repeated measurements of pushing a 130 kg four-wheeled cage over a distance of 10 m, as an 

example of a three-dimensional force assessment 109. First of all, movement of an object 

shows a typical pattern in the forward-backward force: an initial peak force, followed by a 

48 



Exposure assessment 

smaller sustained force to keep the cage moving, and finally a negative peak force to 

decelerate and stop the cage. It is clear that the ending forces in this pushing task are actually 

pulling forces. Secondly, apart from the horizontally directed forces, a force of more than 50 

N is exerted downwards during the whole movement. This is in accordance with Schibye et 

al. 204, who reported that the total force exerted by refuse collectors during sustained pushing 

of a 155 kg four-wheeled container was not only directed forward, but had a vertical, 

downward component of 83 N as well, while the total force was close to horizontal in the 

initial pushing phase. In general, it can be concluded that the resultant force almost always 

has a vertical component in pushing as well as pulling, often directed downwards and 

upwards respectively. 

Exerted forces during handling of a four-wheeled cage 
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Figure 1. The mean of 20 repeated measurements of the exerted forces in three dimensions for 
pushing a 130 kg four-wheeled cage over a distance of 10 m. 
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Measures of exposure to pushing and pulling 

External exposure measures 
In general, exposure to pushing and pulling should be characterised in terms of intensity 

(level, direction, and point of application of the forces), frequency, and duration 272. This 

means that, apart from assessments of the exerted forces, task analysis is needed to collect 

information on the frequency and duration of the pushing and pulling activities. 

Many different external exposure measures can be used in epidemiological studies, varying 

from simple parameters to more complicated, aggregated measures. The most simple measure 

is obtained by asking the worker whether or not he/she is exposed to pushing and pulling, i.e. 

a nominal variable (yes/no). More informative measures have also been used in 

epidemiological studies, such as the maximal or average weight of the pushed/pulled objects 

per day 39, the mean number of hours of pushing/pulling 78, and the number of years exposed 

to pushing/pulling . These measures are only crude proxies for intensity of exposure or 

duration of exposure 78113. Few publications report on cumulative measures that encompass 

both intensity and frequency of exposure. Damkot and colleagues 3 extended their proxy by 

adopting a measure based on the weight of the pushed/pulled objects multiplied by the 

number of push/pull efforts. An approach using duration combined with a more accurate 

estimate of intensity (the percentage of working time with exerted forces over 100 N) was 

reported recently by Van Wendel de Joode et al. 258. 

The development of a simple exposure metric that adequately reflects pushing and 

pulling during work is complicated. For example, consider a worker employed at a 

distribution centre, who is engaged in loading and unloading trucks at different loading docks. 

The worker manually handles several wheeled aids with cargo of different total weights. 

Working situations also differ: some of the docks might have almost ideal conditions, while 

pushing and pulling the aids might be accompanied with obstacles such as doorsteps or an 

upward slope at other places in the distribution centre. To obtain a clear picture of the 

worker's exposure to pushing and pulling, measurements of the exerted forces are needed for 

a number of representative working situations. Each working situation has its own 

characteristics that lead to required push and pull forces, frequencies, and durations. As stated 

before, the worker exerts forces to perform three different actions, so that the initial, 

sustained, and ending forces have to be assessed. For initial and ending forces only the peak 

forces to accelerate and decelerate the MMH aids and the corresponding frequencies have to 

be assessed. For sustained forces the mean exerted push and pull forces are required, 

completed with information on the frequency and duration of the action in that particular 

situation. 
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Table 1 describes an approach to aggregate various force measurements for a certain number 

of working situations into integrated exposure measures. Cumulative peak external exposures 

can be calculated for initial and ending forces in pushing as well as pulling. As an exposure 

index for each of these four actions the sum of the frequency times the peak forces is 

suggested. For sustained pushing and pulling not only level and frequency of the forces are 

included, but also duration. Consequently, the measured forces multiplied with both 

frequency and duration yield a measure of cumulative average external exposure. When 

continuous registrations of the force measurements are available, further aggregation can be 

obtained by combining the measures of average and peak exposure into one exposure 

parameter for pushing and one parameter for pulling. A suitable measure can be obtained by 

means of the time integral of the force. For instance, the frequency times the root of the 

squared force integrated over time, which incorporates frequency as well as level and 

duration, and gives extra weight to the peak forces on top of that. It should be kept in mind 

that this measure only serves as an example of weighing a particular aspect of exposure to its 

assumed impact on musculoskeletal disorders. When a more important contribution of exerted 

peak forces is hypothesised, one can equally well raise the force to a power of three or four 

before integrating over time and multiplying with frequency. When no additional weight to 

peak forces has to be given, the frequency times the force integrated over time may be 

appropriate. Finally, Table 1 presents a formula for the cumulative exerted force, which does 

not take into account the direction of the exerted forces. Likewise, the frequency times the 

root of the squared force integrated over time is given as an example for this single measure 

of exposure. 

Figure 2 presents the results of continuous force measurements in pushing and pulling 

of four-wheeled cages 61 to illustrate the above-mentioned exposure measures. In terms of the 

overview given in Table 1, the mean and standard deviation of the total forces are shown for 

each of the six actions, for which three situations were considered (i.e. different weights). 

Seven male subjects were asked to push and pull the cages with weights of 130, 250, and 400 

kg over a distance of 12 m. The required forces were significantly higher with increasing cage 

weight (pO.001). Again, it is clearly illustrated that the ending forces in pushing are actually 

pull forces, whereas ending forces in pulling are actually push forces. The initial pull forces 

were in the same order as the ending forces in this backward movement, and the same goes 

for the forces exerted to end pushing: around 170, 225, and 265 N for the cages of 130, 250, 

and 400 kg, respectively. The initial push forces appeared to be somewhat higher when 

compared with the other forces, viz. 217, 288, and 315 N for the three weights. Sustained 

forces were about the same for pushing and pulling: around 60, 90, and 135 N. To obtain the 

aggregate exposure measures described above, the actual values of the exerted forces given in 

figure 2 have to be combined with information on frequency and duration of the pushing and 
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pulling tasks. It is known from an earlier field study that cages were pushed 61 times per 

working day, while pulling occurred 88 times per day. For pushing as well as pulling the 

frequency ratio of the handled cage weights of 130, 250, and 400 kg was estimated to be 

around 2:1:4. From these figures it can be calculated that, for instance, the cumulative force 

for initial pushing equals 17404 N-day"'. Likewise, the other external exposure measures can 

be obtained. However, the mathematical procedures required to calculate the aggregated 

exposure measures deprive them from their common sense meaning. To give an impression, 

for the truck drivers working with wheeled cages the aggregated exposure measures were 

62871 N-s'^-day"1 for the cumulative push force and 58874 N-s 2-day"' for the cumulative pull 

force, while the single measure for the cumulative exerted force was 86247 N-s May" . For 

refuse collectors these measures equalled 123011, 147891, and 195797 N-s/2-day_1, 

respectively. It is obvious that these numbers and units are unique to this application and only 

mean that the exposure of refuse collectors was roughly twice the exposure among truck 

drivers. 

Exerted forces during handling of a four-wheeled cage 
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Figure 2. The mean and standard deviation of the total exerted force in pushing and pulling of 
four-wheeled cages. Seven male subjects pushed and pulled the cages with three 
different weights (130, 250, and 400 kg) over a distance of 12 m. 

Internal exposure measures 

Internal exposure refers to the moments and forces within the human body that result from 

postures, movements, and exerted external forces. To obtain internal exposure measures for 

epidemiological studies more information is required when compared to external exposure 

parameters. As input for a rather simple biomechanical model, like the widely used two-

dimensional static strength prediction model 27, not only postural details on five body link 
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angles are needed, but also both level and direction of the push or pull forces. Therefore, apart 

from task analysis to estimate the frequency and duration, comprehensive force measurements 

and posture analysis are inevitable in order to obtain estimates of the compressive and shear 

forces at the L5/S1 intervertebral disc as parameters of internal exposure. The importance of 

assessing the direction of forces in what seem to be horizontally directed push and pull 

actions, is illustrated by a study among refuse collectors . The study was performed to 

compare the mechanical workload of the handling of two-wheeled plastic dustbins with and 

without inserted tray. These trays are constructed in top of the dustbin and, thus, decrease the 

volume of the dustbin. The use of a dustbin with decreased volume entitles a household to 

reduction of refuse tax in the future. Three tray sizes were studied (content of 40, 60, and 80 1) 

and for each of these sizes two different weights were studied, which corresponded to the 

maximal load and half of the maximal load for the dustbins with inserted tray. The two-

dimensional static strength prediction model was used to estimate the biomechanical load on 

the low back while tilting, pushing, and pulling the dustbins during a simulation of the work 

in the laboratory. Figure 3 shows the compressive forces at the L5/S1 intervertebral disc 

during sustained pulling of the tilted dustbin with and without inserted tray for each of the 

dustbins and weights studied. The compressive forces while handling the dustbins with 

inserted tray were on average around three times higher than those without inserted tray, 

while there were hardly any differences in the required horizontal forces. The differences in 

compressive forces were caused by the changed position of the dustbins' centre of gravity, 

which resulted in different vertical forces. Consequently, the tilted dustbins with inserted tray 

were not only pulled, but also 'carried'. This study clearly illustrates that pushing and pulling 

forces should not be considered as being purely horizontal when aiming at internal exposure 

measures by means of biomechanical analysis. However, the absolute values of the 

compressive forces at the lower back were well below the NIOSH action limit of 3.4 kN. In 

general, the compressive forces in pushing and, to a lesser extent, pulling are lower than those 

in lifting. However, when workers bend their trunk while pushing a heavy cart with low 

handle height, high peak compression forces can occur 147196. Furthermore, Schibye and her 

colleagues stated that shear forces might be a risk factor for the development of back pain 

related to pushing and pulling. These forces as well as the forces and moments on the 

shoulder joint (see 247) deserve more epidemiological attention in the future. 
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Figure 3. The compressive forces at the L5/S1 intervertebral disc during sustained pulling of a 
tilted two-wheeled plastic dustbin with and without inserted tray. For each of three 
trays (content of 40, 60, and 80 litre) two different weights were studied. 

The importance of dynamics involved in pushing and pulling has been stressed before 

' ' ' ' . However, it is undoubtedly difficult to gather kinematic data from the work

site for ergonomie epidemiological studies with the accuracy needed for dynamic 

biomechanical models. In particular, assessment of movements of the different body parts by 

means of direct measurement methods to estimate the influence of inertia can be rather 

laborious because of time-consuming calibration procedures and subsequent analyses 232. 

More complex models use a three-dimensional approach to calculate low back load including 

lateral shear forces, which is obviously required in sidewards pushing and pulling. However, a 

three-dimensional approach might also be useful for asymmetric pushing and pulling, which 

happens quite often as workers have the tendency to push or pull MMH aids with different 

left and right hand forces 147. In the case of highly loaded MMH aids, workers try to improve 

their view, which involves rotation and/or lateroflexion of the trunk 231. Partly for the same 

reason, particularly pulling is frequently performed one-handed 204 in combination with trunk 

rotation. For this working technique the necessity of three-dimensional modelling is obvious. 

Again, the data needed for the input of these models are hard to obtain at the work-site, so that 

researchers aiming at internal exposure measures resulting from a three-dimensional dynamic 

model will probably choose a task-based exposure assessment. After gaining insight into 

exposure to different tasks by, for instance, observations at the workplace, representative 

tasks are simulated in the laboratory to get an accurate estimate of the corresponding 

biomechanical workload. 
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Exposure measures corresponding to guidelines 

The guidelines of Mitai et al. 169 are often used to evaluate push and pull forces in terms of 

maximum acceptable push and pull forces (both initial and sustained). These guidelines are 

based on the extensive psychophysical experiments of Snook and Ciriello 2I4 and have been 

adjusted such that the general physiological criterion was not violated. The force limits can be 

applied to pushing and pulling tasks performed under a wide variety of conditions (different 

hand heights, durations, and frequencies). For example, the forces required to push and pull 

trolleys used to transport flowers and plants from greenhouses via auction buildings to florist's 

shops were continuously assessed in several working situations 234. The initial pushing force 

appeared to be around 500 N for trolleys of 400 kg, which increased up to around 700 N when 

both castor wheels were in a crosswise position. In this example, the exerted forces were 

much higher than the highest maximum acceptable forces (i.e., those for optimal hand height, 

shortest distance, and lowest frequency), which made evaluation rather easy. However, 

situations may occur where initial forces are highly exceeded, but sustained forces are not. 

Furthermore, difficulties in the application of the guidelines arise because in many jobs 

several tasks are performed in different working situations. For some tasks guidelines might 

be exceeded, while other tasks in the same job can be safely performed. For pragmatic reasons 

the exerted forces, hand heights, durations, and frequencies of each of these tasks and 

working situations have to be combined into a single, integral evaluation of the job, because 

otherwise guidelines can be applied to hardly any job (see 169). In conclusion, the above-

described example and other studies (e.g. 230'258) showed that pushing and pulling guidelines 

are probably often exceeded at the workplace. However, it should be noted that the question 

of whether this is related to musculoskeletal disorders remains far from solved. The same 

goes of course for the situation in which guidelines are exceeded temporarily or on one aspect 

only and arbitrary choices have to be made with respect to the integral evaluation of the job. 

In epidemiological field studies different strategies can be chosen to obtain external 

exposure measures corresponding to guidelines for pushing and pulling. For instance, the 

frequency that maximum acceptable pushing and pulling (sustained and/or initial) forces are 

exceeded during a working day would be a simple solution. When aiming at validation of 

guidelines a more appropriate external exposure measure would be the percentage of the 

workforce that is considered to be capable of performing the push and pull task without 

developing musculoskeletal complaints according to that particular guideline. In the same line 

of reasoning, a simple measure for internal exposure is imaginable, for instance, the frequency 

that the NIOSH action limit for compressive forces at the lower back (3.4 kN) is exceeded. In 

particular the initial pull forces will contribute to the last-mentioned internal exposure 

measure, because pulling is more demanding than pushing from a biomechanical point of 

view and compressive forces are mainly influenced by peak forces exerted in the initial phase 
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to get an object in motion (see " ) . Again, the percentage of the workforce capable of 

performing the task without developing back disorders according to, for instance, the two-

dimensional static strength prediction model would be a more detailed measure. It should be 

stressed, however, that in risk assessments such percentages can only be used with great 

caution as, to our knowledge, there is hardly any epidemiological evidence justifying that the 

level of force is indeed acceptable to the given percent of the (working) population. 

Therefore, it is strongly recommended to include external as well as internal exposure 

measures that correspond to guidelines as much as possible in epidemiological field studies 

on MMH. 
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Measurement strategy in assessment of exposure to pushing and pulling 
In epidemiological field studies one should explicitly decide on the measurement strategy, i.e. 

how can the possible measurements best be allocated to accurately describe the exposure 

patterns in the population under study 24. To gain insight into the required number of repeated 

measurements of push and pull forces a pilot study was performed to estimate the different 

components of variance in the external exposure measures suggested in table 1. In the 

laboratory two groups of seven subjects performed different pushing and pulling tasks during 

which exerted forces were assessed 66. For the first group a refuse collecting task was 

simulated, while the second group pushed and pulled four-wheeled cages, the way it is done 

while loading and unloading (see figure 2). For both occupational groups detailed information 

on frequency and duration of their pushing and pulling tasks was available from earlier field 

studies among refuse collectors 7 and truck drivers 231. Firstly, the two components of 

variance (i.e. between worker variance and within worker variance) were estimated by one

way analysis with repeated measurements using the random effects model. This was 

performed for six exposure indices regarding cumulative force per action (i.e., initial, 

sustained, and ending forces in pushing as well as pulling; see table 1). For all but one 

exposure measure, the within worker variance was considerably smaller than the between 

worker variance. Only for initial forces to pull the four-wheeled cages into motion the 

variability was larger within workers than between workers: 65% and 35% of the total 

variance respectively. The between worker component of the remaining variables in this 

group varied from 66% up to 91%, being a contribution to the total variance of almost 70% on 

average. For pushing and pulling of wheeled dustbins the between worker variances in the 

exposure parameters were generally somewhat larger than those for the cages: the mean was 

almost 80% of the total variability (range: 58-98%). These results indicate that an unbiased 

estimate of individual exposure to pushing and pulling can be achieved for most measures 

with a relatively small number of repeated measurements per representative working 

situation. With five repeated measurements for all but three measures the reliability 

coefficient for the average exposure per worker is 0.90 or more. The ending forces in forward 

and backward movement of the wheeled dustbin would require seven and six repeated 

measurements to arrive at a reliability coefficient of 0.90. This coefficient would be achieved 

with 17 repeated measurements for initial pushing forces exerted to get the wheeled cages in 

motion. It can be hypothesised from these one-way analyses of variance that the personal 

working technique is of great importance in pushing and pulling of MMH aids. For example, 

the use of the worker's own body weight and the direction of the force are technique features 

that might differ between workers. It is imaginable that experienced workers are capable of 

exerting a more efficient direction of the force, i.e. a relatively large ratio between the 

horizontally directed force and the force in the vertical direction. It can be concluded, in 
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jeneral, that around five repeated measurements of the magnitude of the exerted force for 

each representative working situation seem to be enough to obtain a reliable estimate of 

exposure measures with respect to pushing and pulling at the level of individual workers. 

However, it should be noted that in epidemiological field studies figures on frequency and 

duration might be less accurate than those used in the present analysis, which has 

unfavourable consequences for the required number of repeated measurements. 

Furthermore, nested two-way analyses of variance were applied for the two groups. In 

this random model the workers were nested within the group factor. These analyses were 

-iformed for the same six exposure measures and also for the three aggregated measures 

(i.e., cumulative push force, cumulative pull force, and cumulative exerted force). The aim of 

these analyses was to find out whether or not the contrast in exposure between two different 

occupational groups was sufficient to distinguish both groups in an epidemiological study 

with regard to their exposure to pushing and pulling. Table 2 shows the estimated relative 

contribution of the different sources of variance to the total variability in nine exposure 

measures with respect to pushing and pulling for two groups of seven subjects. In general, 

about two third of the total variance of the external exposure measures was between groups 

; range 51% to 95%). This implies that the contrast in exposure between both occupational 

groups is sufficient to be used in an epidemiological study. It should be noted that several 

other sources of variation are not taken into account in the analyses, for instance variability 

between shifts, between days, or between seasons. Variation between shifts and days can be 

substantial among truck drivers, while seasonal variation is known to be very large in refuse 

collecting. However, it is recommended to perform pilot studies such as the one described 

above prior to the actual epidemiological field studies to achieve insight into the number of 

repeated measurements and the number of workers needed to obtain a precise estimate of 

exposure to the chosen representative pushing and pulling activities. 

This article has not addressed the fact that almost every job with exposure to pushing 

and pulling is a multi-component MMH job. It is inevitable that a measurement strategy 

should take into account lifting and carrying as well as other effect modifiers, such as postural 

work demands, and whole-body vibration. Again, the importance of aggregating data into a 

limited number of exposure parameters is stressed. Hence, a measure for cumulative internal 

exposure on the low back seems to be most suitable for epidemiological studies on 

musculoskeletal disorders 266. 
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Table 2. The estimated contribution (%) of the different sources of variance to the total 
variability in nine different pushing and pulling exposure measures for two groups of 
seven subjects. 

Source of variance 
Exposure measures Between groups Between subjects, Between trials, 

within groups within subjects 
Pushing 

Cumulative initial force 75 19 6 
Cumulative sustained force 64 27 9 
Cumulative ending force a 82 10 7 
Cumulative push force b 75 23 2 

Pulling 
Cumulative initial force 94 6 1 
Cumulative sustained force 55 44 1 
Cumulative ending force a 51 33 16 
Cumulative pull force 100 0 0 
Cumulative exerted force 94 5 1 

Ending forces in pushing (forward movement) are actually pull forces, whereas ending forces in 
pulling (backward movement) are actually push forces (see table 1 and figure 2). 

Cumulative forces are calculated as the frequency times the root of the squared force integrated over 
time (see table 1). Ending forces in pushing and ending forces in pulling contribute to cumulative 
forces for pulling and pushing respectively. 
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Concluding remarks 
In this article different methods to assess push and pull forces are described and critically 

evaluated. It is considered that the level of exerted external forces can only be assessed with 

the accuracy needed for ergonomie epidemiology by direct measurement methods. Preferably, 

these measurements are performed at the workplace. However, Wiktorin et al. ' found that 

workers were able to reliably reproduce the exerted forces in simulated, familiar tasks. This 

finding suggests that the required push and pull forces in daily working situations can also be 

assessed in simple simulations, for instance at the end of a work shift. 

Secondly, aggregation of multiple force measurements into a limited number of 

measures of exposure to pushing and pulling is needed in order to evaluate their impact on the 

occurrence of musculoskeletal disorders. Apart from the intensity of the exerted push and pull 

forces, (weighted) estimates of the exposure dimensions of frequency and duration should be 

included in these cumulative external exposure variables. To obtain internal exposure 

measures biomechanical analysis of pushing and pulling is required, which implies that not 

only the level of the forces, but also the direction and point of application relative to the 

worker should be known. It is often incorrectly assumed that push and pull forces are purely 

horizontal, because the resultant force has almost always a vertical component as well. It is 

strongly recommended to validate exposure measures derived from present pushing and 

pulling guidelines in epidemiological studies. 

Thirdly, a measurement strategy for assessment of exposure to pushing and pulling was 

presented for two occupational groups, viz. refuse collectors and truck drivers. With accurate 

information on frequency and duration, it appeared that around five repeated measurements of 

the force level for each representative working situation may be enough to obtain a reliable 

estimate of exposure measures with respect to pushing and pulling at the level of individual 

workers. It cannot be sufficiently emphasised that the success of an epidemiological study 

strongly depends on contrast in exposure. This holds for studies at the individual level but 

also for those in which occupational groups are compared. Thus, groups of workers with 

substantial contrast in exposure to pushing and pulling should be selected in order to study the 

relationship between exposure to this type of MMH and the development of musculoskeletal 

disorders. 

Finally, the presented methods, formulae and measurement strategies with respect to 

assessment of exposure to pushing and pulling need to be applied in an occupational setting 

relating them to specific musculoskeletal disorders. Actual use of the presented approach as 

an epidemiological tool in studies among large populations will show whether, for instance, 

the measurement effort, which accompanies accurate assessment of the proposed exposure 

measures, is realistic or not. More importantly, the exemplified formulae need to be validated 

as many questions remain unanswered, e.g. to which extent the likelihood of musculoskeletal 

61 



Chapter 3 

injury is affected by peaks in force level? Therefore, it is recommended to longitudinally 

study the relationship between (aspects of) exposure to pushing and pulling and the 

occurrence and recurrence of musculoskeletal disorders, focusing on the low back and 

shoulders in particular. 
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Abstract 
The objective of the present study was to determine the validity of methods to assess 

push/pull forces exerted in a construction task. Forces assessed using a hand-held digital force 

gauge were compared to those obtained using a highly accurate measuring frame. No 

significant differences where found between the methods, except for peak push forces, for 

which the forces assessed with the force gauge were significantly lower than those assessed 

with the measuring frame. When the construction task was reproduced close to the workplace 

by simulation against a fixed object using the force gauge, all exerted forces on the force 

gauge were significantly lower than those on the measuring frame, except for mean pull 

forces. When self-reports were compared to the exerted forces on the measuring frame, the 

construction workers overestimated the exerted push/pull forces by 50%. In conclusion, when 

applied for direct measurements, the force gauge can be used to validly assess push/pull 

forces at the workplace. 
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Introduction 
Working in the building and construction industry is associated with one of the highest risks 

for work related back complaints 4°.98'105-"6'275 Reviews of the epidemiological literature on 

low-back pain show that the manual handling of materials, which is a common feature at 

construction sites '' ' ' 6 , is associated with the occurrence of back problems 2373'133. Lifting 

ioads is generally considered hazardous and has been extensively studied. Pushing and pulling 

has, so far, received less attention but is also found to be associated with low-back pain 112, 

although conclusive evidence is lacking 133. Lifting loads at construction sites is avoided 

increasingly by introducing new lifting and hoisting equipment. Often, however, these loads 

still have to be positioned exactly by pushing and pulling '30. Excessive pushing and pulling 

was observed when objects suspended from a crane had to be guided manually, especially in 

; mations where the co-ordination between crane driver and construction worker was poor 4'. 

in the same study it was reported that frequent pushing and pulling was necessary when 

construction workers were receiving buckets containing concrete. 

For biomechanical analyses and epidemiological research, as well as for evaluation of 

.;rgonomic interventions in the building and construction industry, it is often necessary to 

quantify the mechanical exposure 260. With respect to pushing and pulling, the weight of the 

object that has to be displaced will only give limited information. Therefore, the actual forces 

that are exerted have to be assessed, for which several methods are available 232. The methods 

should be easy applicable when the exerted forces are measured at the construction site, while 

the construction worker is performing a push/pull task. The easiest method is the use of self-

reports of the workers 23 269. If self-reports can be considered valid, this method of exposure 

assessment will hardly interfere with the work performed at the construction site. 

Furthermore, following Wiktorin et al. 69, the workers can be instructed to reproduce the 

forces they have just exerted by simulation on a portable measuring device. Although more 

time consuming, this method may yield more precise measurements. By reproduction of the 

exerted forces away from the actual workplace, possible hazardous situations can be avoided 

because of handling the measuring device. Moreover, this method would still be applicable 

when it is impossible to attach the measuring device to the object that has to be displaced. 

Finally, a simple measuring device could be used to assess the exerted forces at the workplace 

while the workers perform the actual task 232. If valid, such a method is to be preferred 

because the assessment takes place during the actual performance and the method should be 

less susceptible to any subjective interpretation. Furthermore, this method of direct 

measurement should not be time consuming because the actual work can be continued during 

the measurements and should hardly interfere with the performance of the task itself. 

The objective of the present study is to determine the validity of methods to assess 

push/pull forces exerted in a construction task. An experiment was conducted to answer the 
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following questions: (1) Can a simple hand-held digital force gauge be used to validly assess 

the exerted push/pull forces at the workplace? (2) Are construction workers able to reproduce 

the exerted push/pull forces correctly by means of simulation? (3) Are construction workers 

able to quantify correctly the exerted push/pull forces by means of self-reports? To determine 

the validity of these methods, the results are compared to push/pull forces assessed using a 

highly accurate measuring frame. 
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Methods 

Subjects 

Ten healthy male construction workers, age 32 years (SD 5), length 1.79 m (SD 0.07), body 

mass 79 kg (SD 10) and 12 years (SD 7) of experience in construction work, participated in 

the experiments, after they had given written informed consent. None of the participants 

reported a history of low-back disorders or other musculoskeletal problems. 

Tasks and procedures 

At construction sites, construction workers manually push/pull a concrete hopper, which is 

carried by a large crane, to pour concrete in formwork. The construction task of pushing and 

pulling a concrete hopper was simulated outside of the construction area. Care was taken to 

simulate the daily practice of the construction workers as closely as possible. Therefore, the 

participants were asked to push/pull a loaded concrete hopper of 750 1, weighing 900 kg 

(figure 1), following standardised instructions. The hopper was suspended from a horizontal 

steel beam at a height of 4 m. A measuring frame was attached to the hopper to assess the 

exerted forces needed to push/pull the hopper (figure 1). The handle height of the measuring 

frame was standardised at 1.3 m, in accordance with the actual working situation. All 

construction workers participated in four experiments (table 1). For experiment A, the 

participants had to push with one hand at the measuring frame and hold it for 3 s, giving the 

iowest part of the hopper a deviation of 0.2 m out of the perpendicular. Except for the 

instruction of using one hand, the participants were free in choosing their standing posture. 

However, they were asked to handle the hopper as they would in practice. In part 2 of 

experiment A, the participants were asked to estimate the actual force needed to accelerate the 

hopper from the stable centre position to the deviated position. Next, the construction workers 

were asked to estimate the actual force needed to hold the hopper in the deviated position. 

The self-reports were made in kilograms. Part 3 of experiment A was designed to test the 

ability of the construction workers to reproduce the magnitudes of the exerted forces. For this, 

they had to simulate handling the hopper using a hand-held digital force gauge, which was 

attached to a vertical steel pillar, also at a handle height of 1.3 m. 

Experiment B consisted of pushing the hopper following the instructions mentioned 

above, only this time the construction workers had to push the force gauge, which was 

attached to the measuring frame. Experiments C and D were similar to experiments A and B 

respectively, except that the construction workers had to pull with one hand instead of push. 

The sequence of experiments was randomised and for each experiment five repeated 

measurements were done. 
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Figure 1. A concrete hopper of 750 1, filled up to 900 kg, used in the present experiments. The 
photograph on the right shows the high precision measuring frame in detail. 

Apparatus and data acquisition 

Force assessments were obtained by a measuring frame attached to the hopper (figure 1) and 

by a hand-held digital force gauge. The measuring frame consists of six strain gauge force 

transducers (Maywood Instruments Limited U4000). Forces, exerted in all directions could be 

registered continuously and were found to be highly accurate (maximum error of 1.5% 109). 

The analogue force signals from the transducers were low-pass filtered (150 Hz) and stored 

on a tape-recorder (TEAC R-71). Afterwards, the signals from the tape-recorder were AD-

converted at 50 Hz (PC-LabCard PCL-818L, Advantech Co., Ltd.) and stored on a PC. Force 

assessments obtained with the measuring frame were compared to those obtained with a hand

held digital force gauge (AFG-500, Mecmesin Limited, England). The force gauge measures 

forces in two opposite directions in one plane at a maximum of 500 N. It could be easily 

attached either to the measuring frame or to the vertical steel beam and connections were 

constructed such that exertion of force was possible in all directions. After the assessment the 

peak forces during pulling as well as pushing, and the average force during the time of 

assessment could be read off the display. 
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Table 1. Scheme of the experimental procedure. The sequence of the experiments was 
randomised. 

Part Part 2 Part 3 
Experiment A Push with one hand at the 

measuring frame 

Experiment B Push with one hand at the 
hand-held force gauge 
attached to the measuring 
frame 

Experiment C Pull with one hand at the 
measuring frame 

: xperiment D Pull with one hand the hand
held force gauge attached to 
the measuring frame  

Estimate the 
actual force 

Reproduce the exerted forces by 
simulation with hand-held force 
gauge 

Estimate the 
actual force 

Reproduce the exerted forces by 
simulation with hand-held force 
gauge 

Data-analysis and statistics 

The force signals of the measuring frame were low-pass filtered at 3 Hz and further analysed 

using MATLAB (The MathWorks Inc.). Peak values of the resultant force vector were 

.-alculated for the acceleration of the concrete hopper from the stable position (initial peak 

force) and for holding the hopper at the deviated position (holding peak force). Furthermore, 

;he mean resultant force of the entire action was computed. For further analyses, self-reports 

of the construction workers were translated into Newtons. 

To examine whether the hand-held force gauge can be validly used at the workplace, 

peak and mean forces (for pushing as well as pulling) assessed using the force gauge and the 

measuring frame were compared. Firstly, forces were compared while handling the force 

gauge that was attached to the measuring frame, i.e. the comparison is made within the same 

experiment (experiment B for pushing and experiment D for pulling). Secondly, the forces 

assessed using the force gauge (experiments B and D) were compared to the forces assessed 

using the measuring frame while handling the frame only by hand (experiments A and C), i.e. 

the results from two different experiments were used for the comparison. 

To test the ability of the construction workers to reproduce the exerted forces by means 

of simulation, mean and peak forces assessed using the measuring frame were compared to 

the forces assessed using the force gauge when simulating the same action (experiments A 

and C). 
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Finally, estimations by construction workers of the initial peak force and the holding peak 

force were compared to the forces assessed using the measuring frame within experiments A 

andC. 

For each participant the average of the five repeated measurements of forces and self 

reports was calculated. For ten participants, the mean and standard deviation of these average 

values were calculated. Analysis of variance (F-test) with a repeated measurements design 

was performed to detect differences between methods. A significance level of 5% was used. 
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Results 

Validity of the hand-held force gauge 

To test whether forces measured with the hand-held digital force gauge were valid, results 

were compared to forces simultaneously assessed with the measuring frame (experiments B 

and D). Table 2 shows that the exerted mean forces were, on average, in the order of 130 N. 

Pulling forces were somewhat higher than pushing forces. Maximum forces were on average 

225 N for pushing as measured with the measuring frame and 247 N for pulling. Using the 

hand-held force gauge, maximum forces were 228 N for pushing and 260 N for pulling. 

Analysis of variance with five repeated measurements revealed that there were no significant 

differences between forces assessed with the measuring frame and the force gauge with 

respect to the mean and peak resultant force for pushing as well as pulling. 

Table 3 presents the results of assessments using the measuring frame by hand 

compared to the assessments of forces using the force gauge attached to the measuring frame 

• different experiments). For pulling, the exerted forces assessed with both methods were not 

significantly different. For pushing the difference in the mean resultant force was marginally 

significant 0=0.051). The peak resultant force significantly differed between both methods of 

assessment, i.e. exerted forces assessed with the force gauge (228 N) were systematically 

lower than those assessed with the measuring frame (267 N). 

Ability of reproduction by simulation 
The results concerning the ability of the participants to reproduce the exerted forces using the 

hand-held force gauge just after the actual handling of the hopper are presented in table 4. 

Except for the mean pull forces, all exerted forces on the hand-held force gauge attached to 

the steel beam were significantly lower than those on the measuring frame attached to the 

hopper. 

Self-reports 
Table 5 shows that all construction workers overestimated the exerted forces. The self-

reported forces were about 1.5 times higher than the measured forces, which was significant 

for all variables. For pulling, the overestimation of the exerted force was higher than that for 

pushing, but differences between pushing and pulling were not significant. Table 5 also shows 

the relatively high standard deviations for the self-reports representing a large variation in 

estimations of the exerted forces between and within subjects. 
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Table 2. Averages, standard deviations (SD) and ^-values of exerted forces to examine the 
difference between the measuring frame and the hand-held force gauge when applied 
simultaneously. 

Measuring frame 

Pushing 
Mean force (N) 
Maximum force (N) 

Pulling 
Mean force (N) 
Maximum force (N) 

Average 

126.3 
225.4 

139.1 
246.7 

SD 

16.9 
33.0 

16.9 
32.2 

Hand-held force gauge  
Average  

121.6 
228.2 

131.4 
260.0 

SD 

11.6 
35.3 

18.3 
52.3 

/»-value 

0.194 
0.592 

0.211 
0.300 

Table 3. Averages, standard deviations (SD) and p-values of exerted forces to examine the 
difference between the measuring frame and the hand-held force gauge when not applied 
simultaneously. 

Measuring frame 
Average SD 

Hand-held force gauge p-vuhie Measuring frame 
Average SD Average SD 

Pushing 
Mean force (N) 
Maximum force (N) 

Pulling 
Mean force (N) 
Maximum force (N) 

133.7 
266.8 

136.9 
267.6 

16.6 
27.4 

17.6 
30.6 

121.6 
228.2 

131.4 
260.0 

11.6 
35.3 

18.3 
52.3 

0.051 
0.005 

0.508 
0.606 

Table 4. Averages, standard deviations (SD) and ̂ -values of exerted forces to examine the ability 
of the partcipants to reproduce on the hand-held force gauge the forces needed to handle 
the hopper with the measuring frame. 

Measuring frame 

Pushing 
Mean force (N) 
Maximum force (N) 

Pulling 
Mean force (N) 
Maximum force (N) 

Average 

133.7 
266.8 

136.9 
267.6 

SD 

16.6 
27.4 

17.6 
30.6 

Hand-held force gauge 
reproduction 

Average 

110.8 
171.4 

127.8 
204.6 

SD 

13.8 
35.0 

26.1 
40.8 

p-value 

0.000 
0.000 

0.234 
0.000 
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Table 5. Averages, standard deviations (SD) andp-values offerees to examine the ability of the 
participants to estimate the force needed to accelerate the hopper from the stable centre 
position to the deviated position (initial peak force) and the force needed to hold the 
hopper in the deviated position (holding peak force). 

Measuring frame 

Pushing 
initial peak force (N) 
Molding peak force (N) 

Pulling 
initial peak force (N) 
Holding peak force (N) 

Average SD 
Self-reports 

Average 
/rvalue 

SD 

191.0 
266.8 

199.8 
267.6 

35.8 
27.4 

32.9 
30.6 

283.7 
377.5 

352.4 
448.5 

114. 
126.i 

174.0 
195.3 

0.029 
0.019 

0.023 
0.020 
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Discussion 

The present study was designed to'determine the validity of methods to assess push and pull 

forces at the workplace. Three methods to assess forces were compared to forces assessed 

using a highly accurate measuring frame. In general, assessments using the hand-held force 

gauge were found to be valid and those by simulation and estimation were not. Of course, the 

application of the measuring frame or a measuring device with comparable specifications at 

the workplace would be ideal. However, there are several disadvantages. Firstly, 

measurements using this type of apparatus are time consuming, which interferes with the 

work that is to be measured. Secondly, these devices are relatively heavy, which affects the 

measurement of the external forces. Thirdly, application of these devices at the workplace can 

be difficult because of the difficulty attaching the apparatus to the object that has to be 

displaced and/or the necessity of the use of wiring, amplifiers or portable data loggers. 

A more practical alternative is the hand-held digital force gauge that is used in the 

present study. It is easily applicable at the workplace and can be used while the actual 

push/pull task is performed. However, it is not possible to measure the direction of the exerted 

force, although the position of the device will give some information. Furthermore, the force 

gauge only registers the maximum of the push and pull force and the average force during the 

assessment. The question remains whether the assessments using the force gauge can be 

considered valid. The assessment of forces using the measuring frame or the hand-held force 

gauge are not statistically different when applied simultaneously. However, when the devices 

are not applied simultaneously, the pushing forces assessed with the force gauge were 

systematically lower. This could be explained by the fact that pushing against the relatively 

heavy concrete hopper using a very small connection with the force gauge is unstable 

compared to using the firm grip of one hand. Therefore, it was not easy for the construction 

workers to apply a relatively large pushing force using the hand-held force gauge. 

Another method to assess the push/pull force is to instruct the worker to reproduce the 

effort close to the actual workplace. This method can be very helpful if it is impossible or 

hazardous to let the worker perform the push/pull task with the hand-held force gauge 178. 

However, the results of the present study indicate that the reproduced forces are 

systematically lower than the actual forces, except for the mean pull forces. Earlier findings in 

the studies of Wiktorin et al. 269 and Hammerskjöld et al. 10° could not be confirmed. Wiktorin 

et al. -' hypothesised that individuals have a neuro-muscular 'memory' of the forces exerted 

at work, which was indicated by the high reproducibility of the simulations. However, in the 

study of Wiktorin et al. 269 the reproduced forces were not compared to the actual forces at 

work and it is still possible that the workers systematically underestimated the actual effort 

when reproducing the forces. 
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in the present study, experienced construction workers were not able to estimate the push/pull 

forces they had exerted during the displacement of the concrete hopper. Even though the time 

between the exertion and the estimation of the forces was very short, the workers 

overestimated their effort on average with about 50%. Although differences in overestimation 

were found between pushing and pulling, the differences were not statistically significant. 

Strindberg and Petersson 220 reported that exerted forces during pushing of trolleys beyond 

130 N were experienced as being greater than they actually were. In the present study an 

initial pushing force of 190 N was experienced as 280 N. The study of Strindberg and 

Petersson 22° would predict a subjective force of 250 N. Initial pushing forces below 130 N 

were not assessed in the present study. Therefore, the results of Strindberg and Petersson 22° 

could not be verified. Furthermore, the results of the present study are not entirely in line with 

the results of Wiktorin et al. 269. They reported a correlation between the exerted and the 

estimated forces of 0.21 to 0.69, but reported that underestimation was more common than 

overestimation, which is not the case in the present study. It is clear that estimation of the 

absolute level of the exerted forces by the subjects themselves is not a valid method to 

quantify the exerted forces. Other easily applied methods are (a) the estimation of push/pull 

forces by expert judgements 232, which to our knowledge has not yet been studied, and (b) the 

application of a scale with a more crude level of assessment. With respect to the latter, the use 

of a visual analogue scale (VAS) as applied in the self-administered questionnaire of Pope et 

al. may look promising. However, in the study of Pope et al l90 subjects still had to 

estimate the weight handled and not the level of forces exerted during the manual handling of 

materials. 

Differences between the reproduction and estimation of forces and the actual exerted 

forces during the displacement of the hopper may be explained by the fact that handling the 

hopper is (quasi-) dynamic. The inertial properties of the hopper as well as gravity, affect the 

exerted forces. Both factors are not present while reproducing force exertions against a fixed 

point of application. As a result, the dynamical aspects may influence the perception of effort. 

It can be argued that this phenomenon may also explain the contrast with findings of Wiktorin 

et al and the results of the present study with respect to the under- and overestimation of 

forces. In the study of Wiktorin et al, subjects had to estimate the forces exerted during static 

pushing or pulling, while in the present study the construction workers had to estimate the 

forces exerted during a dynamic push/pull action. The dynamics may result in an 

overestimation in perceptual effort. Striking, however, is that the 'physical' perception of the 

exerted forces resulted in lower exerted forces during the reproduction while the 'mental' 

perception resulted in overestimation of the exerted forces. 

In the experiment, conditions of the daily practice of the construction workers were 

simulated as closely as possible, while on the other hand certain aspects of the task had to be 
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standardised. Therefore, the level of the exerted forces is only indicative of the level of forces 

the construction workers are exposed to when working at construction sites. For instance, for 

practical reasons the concrete hopper was filled up to 900 kg, while in real practice a 750 1 

concrete hopper could weigh up to 1800 kg when fully loaded with concrete. Also larger 

concrete hoppers are frequently used at construction sites, which means that the level of 

forces could be underestimated. However, the hopper was suspended from a horizontal beam 

at a height of, only, 4 m. At constructions sites, concrete hoppers are usually suspended from 

cranes at greater heights, which will result in relatively lower push/pull forces. Another study 

indicates that the exerted pulling forces (maximum as well as mean forces) while handling the 

hopper at the construction site are on average somewhat lower than presented in this study 27°. 

To the authors' knowledge, the studies that compare objective and subjective methods 

to assess push/pull forces are limited to those already mentioned above. However, the 

importance of the reliable quantification of exerted hand forces within epidemiological and 

biomechanical settings can hardly be underestimated. The intensity of the exposure, i.e. 

exerted forces, and posture or movement are vital input information for biomechanical models 

. Therefore, in our opinion, attention should also be given to the valid assessment of intensity 

(level and direction of the exerted hand force), duration and frequency as well as posture or 

movement. These are important aspects of the exposure to pushing and pulling (and other 

manual handling activities) and are needed to establish the relationship between pushing and 

pulling and the development of musculoskeletal complaints " 2 as well as for evaluation of 

ergonomie intervention. 

It can be concluded that a relative simple hand-held force gauge can be used for the 

assessment of push/pull force at the workplace. Attention should be paid to a firm and stable 

connection between the force gauge and the object that has to be pushed. However, this 

connection should not disturb the push/pull task that has to be performed. When it is not 

possible or it is hazardous to assess the exerted forces during the actual task, it is not 

advisable to reproduce the task to the side of the workplace by simulation against a fixed 

object. Finally, the present study showed that experienced construction workers were not able 

to estimate the exerted push/pull forces. For epidemiological as well as ergonomie purposes, 

it is recommended to study the estimation of push/pull forces using crude measures of force, 

which could be a nominal, ordinal or VAS scale. 
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Abstract 
Objectives The precision of mean exposure to pushing was examined in 2 occupational 

groups using various combinations of the number of workers and measurements per worker. 

Methods The frequency and duration of pushing of the 2 occupational groups was 

assessed using onsite observation. All data were divided into successive periods of 30 minutes 

of observation. The precision of the group mean exposure to pushing was expressed by 90% 

confidence intervals obtained by bootstrapping. The effect on the confidence interval of 

varying numbers of workers and numbers of periods per worker was examined. 

Results For both occupational groups there was little precision to be gained when >10 

workers were observed. Within the maximum number of workers used in the bootstrap 

simulations, it appeared that, beyond 10 workers, the confidence intervals decreased by <5% 

for every worker that was added, when each worker was observed at least 8 periods of 30 

minutes. If workers were observed exactly 4 periods of 30 minutes per worker, an additional 4 

workers were required to compensate for the loss of precision. An unbalanced strategy with 

approximately 8 periods of 30 minutes per worker hardly decreased the precision of the group 

mean, however. 

Conclusions The precision of the group-based mean exposure to pushing is influenced by 

the number of workers observed and by the number of repeated measurements per worker. In 

the planning of the measurement strategy, it is advisable to account for possible sources of 

variance in advance and to assess the exposure variability. 
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Introduction 
The assessment of exposure to risk factors is one of the essential ingredients of the study of 

the aetiology of musculoskeletal complaints. Risk factors for musculoskeletal complaints 

have often been divided into physical, psychological, and individual factors . It is generally 

[bought that physical loading induces stress to the musculoskeletal system that may result in 

degeneration of structures and the development of pain (e.g. 254). Hence, considerable 

attention has been given to the physical loading of the musculoskeletal system and, especially, 

the manual handling of materials in relation to low-back pain. These associations are not 

always clear, often because of inadequate exposure measurement ' . Exposure measures 

are often crudely defined, using job title or a limited number of ordinal levels. This crudeness 

nfluences the accuracy and precision of exposure and, as a result, attenuates the association 

with musculoskeletal complaints "7". To quantify exposure-response relationships, the 

exposure should be measured at a sufficient level of detail. Several methods are available for 

assessing mechanical exposure (e.g. onsite observation, direct measurements at work, and 

simulations at the laboratory)232. Moreover, Winkel and Mathiassen 7~ state that mechanical 

exposure should be assessed by its principle dimensions, namely, duration, repetitiveness 

requency), and amplitude (intensity). 

Besides the choice of measurement technique and parameters, the selection of workers 

end the variation of the exposure measure between and within workers are important aspects 

of the measurement strategy 24. According to Burdorf and Van Riel 24, an efficient 

'leasurement strategy aims at reducing the number of measurements required. At the same 

:ime, the number of measurements should be sufficient to achieve the required level of 

precision of the exposure measure. Hence, the number of workers to be measured should be 

considered, as well as the number of repeated measurements per worker and the duration of 

each measurement. Another fundamental aspect of the measurement strategy is whether the 

measurement strategy should be individual-based or group-based. The data presented in this 

laper were gathered in a comprehensive epidemiologic study of pushing and pulling in 

'elation to musculoskeletal complaints that is aimed at group level. The mean level of 

exposure has been assessed for subgroups, and all the individuals within a subgroup were 

assumed to have the same exposure level. Generally, group-based strategies generate less 

precise but essentially unbiased estimates of the risk estimate when compared with individual-

based strategies 205. Therefore, within a group-based epidemiologic study an accurate (zero 

biased) and precise (small random error) estimate of exposure is essential for the biological 

and statistical significance of the exposure-response relationship. The question arises as to 

how much measurement effort is needed to arrive at an estimate of the group mean of the 

exposure measure which is relatively unbiased with respect to the true group mean. Therefore, 

the objective of the present study was to examine the precision of the group-based mean 
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exposure to pushing using various combinations of the number of workers within the group and 

the number of repeated measurements per worker. 
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Subjects and methods 

Participants 

Observational data of 2 occupational groups were used in the present study. Their characteristics 

are described in table 1. The first group consisted of 15 train stewards out of a total of 97 train 

stewards of a rail company. The train stewards daily pushed a 135-kg cart to provide train 

passengers with food and drinks. Beforehand, after a walkthrough and interviews, shift (early or 

late) and city of departure were identified as possible sources of variance with respect to the 

•xposure to pushing and pulling. The participants and their shifts were randomly chosen from the 

...roup of train stewards that worked at the city of departure. The number of participants observed 

at each city of departure depended on the relative number of train stewards on point-duty at the 

city in comparison with the total number of train stewards. All the train stewards received 

information concerning the study, and none of the approached participants refused to take part. 

The second group consisted of 18 nurses out of a total of 136 nurses from a nursing home. Their 

ork consisted of, for instance, patient-handling activities, bed making, medical assistance, and 

jeding patients. Two levels of need for care in the ward (somatic or psychogeriatric care), shift, 

and work during the weekend were expected to be possible sources of variance. To obtain 

representative samples of both types of care, a predetermined number of observation days for 

aach type of care was set depending on shift and workday. The participants were randomly 

..hosen from the nurses that were scheduled to work at that time. The study was intensively 

encouraged among all employees of the nursing home, which did not object to participation. All 

the participants signed an informed consent before the observations. 

Fable 1. Age, height, and weight of the 33 workers categorised into two occupational groups. 

Occupational group Number of workers Age (years) 
Mean SD 

Height (m) 
Mean SD 

Weight (kg) 
Mean SD 

Train stewards 
Nurses 

15 
18 

33.7 8.6 
36.7 13.5 

1.75 0.07 
1.64 0.09 

71.6 6.9 
70.4 20.6 

Exposure assessment 

All the participants were continuously observed at their workplace for a full workday on a real

time basis using TRAC (task recording and analysis on computer) 76. The observations were 

continued during breaks and unexpected events. Preceding the observations, the 2 participating 

observers were trained to improve inter- and intraobserver reliability. During a week of intense 

training, the percentage of agreement and the Cohen's kappa between and within the observers 
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were assessed for all the variables. At the end of the training period, it was ensured that all the 

variables had a percentage of agreement of at least 80% and at the same time a Cohen's kappa of 

at least 0.50, which is acknowledged to be an acceptable standard of observer reliability2i9. Each 

observer was assigned to one of the occupational groups. Tasks, activities, and materials handled 

were observed. The activities were divided into lifting, carrying, pushing, pulling, standing, 

sitting, walking, and kneeling. Only pushing was used for the analyses in this study. Since 

observations were recorded on a real-time basis, the absolute frequency and duration of pushing 

could be assessed. 

Exposure characteristics of the occupational groups 

The average total observation time for the train stewards was 8 hours 11 minutes (SD 103 

minutes), and for the nurses it was 8 hours 3 minutes (SD 40 minutes). For the train stewards an 

average of 17% of the time was spent pushing [duration of pushing 4882 (SD 1321) seconds], 

while the nurses spent only 2% of their worktime pushing objects [duration of pushing 538 (SD 

338) seconds]. The average daily frequency of pushing was 219 (SD 66) times for the train 

stewards and 57 (SD 32) times for the nurses. Generally, for both occupational groups, pushing 

occurred more frequently than other manual materials handling activities, including pulling. 

Data analysis 

The observational data of each participant was divided into successive periods of 30 minutes. 

This way a workday of 8 hours was divided into 16 periods, which were considered repeated 

measurements within workers. For the 15 train stewards a total of 235 observation periods of 30 

minutes were gathered, while for the 18 nurses 272 periods were available. 

The variation of exposure to pushing within the 2 occupational groups was described by 

the 5th and 95th percentile of the 30-minute averages of the 15 and 18 workers with respect to 

the frequency and duration of pushing. Thus all 30-minute periods of a worker were averaged, 

and all 15 or 18 means were averaged again, which can be described as a mean of means 

approach. These results can be compared with the average and the 5th and 95th percentiles for all 

of the 235 and 272 observations of 30 minutes, independent of worker. This procedure gives 

some indication of the between- and within-worker variance, and also of the differences 

introduced by the method of averaging the exposure of the occupational group. 

The influence of the number of workers and the number of periods on the precision of the 

group mean of the exposure measures was studied using a bootstrap method l9'68. According to 

Bnggs et al. , the bootstrap method estimates the sampling distribution of the exposure measure 

through a large number of simulations, based on sampling with replacement from the original 

observational data. For instance, the distribution of the exposure measure among the unknown 

real population can be estimated by drawing 5 times with replacement a value out of 15 values 
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{representing the average exposure values of 15 persons, which is a random sample taken from 

the real population). The 5 values are averaged, and this procedure is repeated, for instance, 1000 

mes. The 1000 average values represent an estimate of the distribution in the population with a 

mean of the 1000 average values that is more or less equal to the average of the 15 values. This 

istribution can be compared with a distribution when values are drawn 6 times with 

placement. The latter, of course, will have a somewhat smaller distribution. The bootstrap 

lethod does not rely on parametric assumptions concerning the underlying distribution. To 

determine the precision of the group-based mean exposure to pushing when the assessment of 

exposure is varied among the number of workers within the group and the number of 

peated measurements per worker, a nested bootstrapping procedure was performed. First, a 

! redetermined number of workers was drawn with replacement and, second, for each of the 

selected workers a predetermined number of periods was drawn with replacement. Each 

mulation consisted of 1000 replications of this whole procedure. The predetermined number of 

workers was increased from 1 to the maximum number of workers of the occupational group (ie, 

5 or 18 for the strain stewards and the nurses, respectively). The predetermined number of 

nods was 2, 4, 8, and 16 periods per worker. Of the 1000 replications the mean and a measure 

f precision could be deduced. The precision of the empirical estimate of the sampling 

listribution of the exposure measures was defined using 90% confidence intervals. The 

confidence intervals were calculated using the bias-corrected percentile method as described by 

Jifron and Tibshirani68 with adjustment for possible bias in the bootstrap estimate of the mean 

ompared with the mean of the observations. For each bootstrap distribution the confidence 

îiiterval was calculated using the range between the bias-corrected 5th and 95th percentiles. 

Within the practical setting of observing workers at their workplace it is often difficult to 

arrive exactly at a predetermined number of measurements per worker. To explore the effect of 

obtaining different numbers of 30-minute periods per worker, bootstraps were performed 

allowing the number of 30-minute periods to vary. A hypothetical distribution of the obtained 

periods was made in which 4 was the most common and 2, 3, 5, and 6 were obtained in fewer 

amounts (figure 1). Again, a predetermined number of workers was first drawn with 

eplacement. Then, for each of these workers the number of periods per worker was drawn with 

replacement from the hypothetical distribution. Compared with the approach using an exact 

number of periods per worker, the procedure using the hypothetical distribution of periods will 

be referred as an unbalanced procedure because, for a predetermined number of workers, the 

nimber of periods per worker is unequal. Because they served as an example, these bootstraps 

were only performed on the frequency of pushing for the train stewards and for unbalanced 

procedures with approximately 4 and 8 periods per worker (figure 1). The bootstrap procedures 

were performed using MATLAB (The Math Works, Inc.). 
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Figure 1. Hypothetical distributions to explore the effect of obtaining different numbers of 30-
minute periods per worker. The distributions were used to obtain approximately 4 and 8 
periods of 30 minutes per worker. 
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Results 
The variation in exposure to pushing during 30 minutes as a result of averaging over the 

workers' means of the 30-minute periods (mean of means approach) was compared with the 

ariation as a result of averaging over the total number of 30-minute periods (table 2). For both 

occupational groups, as well as for both frequency and duration of pushing, standard deviations 

and the range between the 5th and 95th percentile were smaller for averaging over workers. This 

finding indicates that a reasonable part of the variance can be explained by the within-worker 

variance (ie, the worker means were not that different from each other, while the 30-minute 

periods within each worker differed because exposure to pushing was not equally divided over 

the workday). Furthermore, for the nurses, the distribution of the total number of 30-minute 

periods of the frequency, as well as the duration, of pushing appeared to be skewed to the right. 

his finding indicates that high values of these exposure measures were incidental over the 

orkday for the nurses. 

'fable 2. Frequency and duration of pushing for the train stewards and nurses. 

Pushing frequency Pushing duration  
Occupational group Mean SD 5th %ile 95th %ile Mean SD 5th%ile 95th %ile 
: 'ain stewards 

Exposure of 13.4 3.2 8.8 17.6 297.4 63.5 197.1 379.2 
individual workers 
(N=15) 
Total sample of 30- 13.4 8.8 0.0 29.0 295.6 176.7 0.0 578.0 
minute periods 
(N=235) 

Nurses 
Exposure of 3.6 2.0 0.4 6.3 34.2 20.6 3.3 65.6 
individual workers 
(N=18) 
Total sample of 30- 3.6 4.2 0.0 11.0 34.2 40.3 0.0 108.1 
minute periods 
(N=272) 

Figure 2 presents the results of the bootstraps that were performed by randomly taking 2, 4, 8 or 

16 periods of 30 minutes per worker. For each of these numbers of periods the number of 

workers was increased. Generally, the gain in precision from increasing the number of workers 

was considerable at low initial numbers. Thereafter the gain in precision dropped off rapidly as 

the number of workers increased (figure 2). Within the maximum number of workers that was 

observed in the present study, it appeared that, beyond 10 workers, the inclusion of an additional 

worker improved the precision by <5%. On the basis of trivial statistical considerations ~ , it was 
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expected that, beyond 10 workers, an additional 30 workers would be needed to increase the 

precision of the estimate of the group mean by 50%. Furthermore, observing randomly 2 periods 

of 30 minutes yielded the largest 5th-95th percentile interval. Using 4 periods resulted in more 

precise estimates of the group mean, and also the observation of 8 periods per worker resulted in 

improvement in the precision. In comparison with the random observation of 8 periods per 

worker, there was little to be gained by observing 16 periods of 30 minutes (full workday). 

Pushing frequency train stewards 

! ™ i 5 

ft 10 
| 

E 5 

0 

\ *•*•• 2 periods 
—*— 4 periods 

* 8 periods 
—•—16 periods! \ \ 

*•*•• 2 periods 
—*— 4 periods 

* 8 periods 
—•—16 periods! 

\5\X.. 
^^*^-^J~^-—^L_" " •*-• * 

> — - Î — - * — * 

1 2 3 4 5 6 7 8 9 1 0 

number of workers 

12 13 14 15 

25 
Pushing frequency nurses 

25 

| g 2 ° 
f f 15 

i a.io 

S 1 

••*•• 2 periods 
—*- 4 periods 
--*-- 8 periods 

*— 16 periods 
| g 2 ° 
f f 15 

i a.io 

S 1 

••*•• 2 periods 
—*- 4 periods 
--*-- 8 periods 

*— 16 periods 
| g 2 ° 
f f 15 

i a.io 

S 1 

| g 2 ° 
f f 15 

i a.io 

S 1 
f. 

m '-' •A-
o -

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

number of workers 

Pushing duration train stewards 

» » * 2 periods 
—*— 4 periods 
• * 8 periods 
—•— 16 periods 

300 - \ V 

* 2 periods 
—*— 4 periods 
• * 8 periods 
—•— 16 periods 

300 -

VN - ... 

~~~*~~—*^-3^~t—t -_i ... -.I.-TTÎ^-* 

0 • 

Pushing duration nurses 

5 6 7 8 9 10 11 12 13 14 15 

number of workers 

2 periods 
- 4 periods 

8 periods 

- 16 periods 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

number of workers 

Figure 2. Results of the bootstraps performed by randomly taking 2, 4, 8 or 16 periods of 30 
minutes per worker with replacement for 1000 replications. For both occupational 
groups and for both the frequency and duration of pushing the 5th-95th percentile 
range is presented. 

From the point of view of reaching a certain level of precision, table 3 presents the number of 

workers that had to be observed with respect to the frequency of pushing in train stewards. 

The table is based on the corresponding figure in figure 2. For instance, to reach a 5th-95th 

percentile range of 10, 5 workers had to be observed with randomly 2 periods of 30 minutes 

per worker. To reach the same level of precision, 2 workers had to be observed if these 

workers were randomly observed for 16 periods of 30 minutes. A more precise estimate with 

a 5th-95th percentile range of 5 could be reached if 8 workers were observed with randomly 8 

periods per worker. Observing randomly 2 periods per worker would not reach this level of 
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precision within the maximum number of workers available in the present bootstrap 

imulations (N=15). 

' able 3. Number of workers needed to arrive at a specified value (10, 7.5, and 5) of the 5th-95th 
percentile range if different numbers of periods (2, 4, 8, and 16) are sampled per worker. 
The results are presented for the frequency of pushing for the train stewards. 

Necessary number of workers 
lumber of 30-minute periods 10.0 of 95th-5th /óile 7.5 of 95th-5th%ile 5.0 of 95th-5th%ile 

.'liods 
4 periods 

periods 
i periods 

5 
3 
2 
2 

9 
5 
3 
3 

* 
12 
8 
7 

this level of precision was not reached within the number of workers used in the simulations (N-15) 

rhe results of the pushing frequency of the train stewards were further explored considering that, 

practice, not every worker in the population could be observed exactly 4 or 8 periods. The 

suits obtained by using an unbalanced procedure with approximately 8 periods per workers 

hardly differed from those using a strategy with exactly 8 periods per workers (figure 3). Only 

hen the number of workers was small (fewer than 6), was the 5th-95th percentile range slightly 

• ider for the unbalanced strategy. When the same comparison was made for 4 periods per 

. orker, the unbalanced strategy showed wider percentile ranges for all numbers of workers. 

Exact and unbalanced number of periods 
pushing frequency train stewards 

~5~ " 

-f~ exactly 4 
1 —— exactly 8 

ù approximately 4 
* approximate!) 8 

~5~ " 

~^~fcr-*—• 't~~^_ *. 

2 3 4 5 6 7 8 9 10 II 12 13 14 15 
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figure 3. Results of the bootstraps performed by randomly taking an exact or a variable number of 
periods of 30 minutes per worker with replacement for 1000 replications. The 5th-95th 
percentile range is presented for bootstraps on the frequency of pushing among train 
stewards. A comparison is made between drawing exactly 4 or 8 periods per worker and 
drawing following the unbalanced procedure as described in figure 1. 
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Discussion 

The influence of the number of observed workers and the number of repeated observations per 

worker on the precision of the average group exposure to pushing was studied. Two occupational 

groups were examined, which were, on the average, exposed differently to pushing. For both 

occupations, when more than a random sample of 10 workers was observed, the precision of the 

estimate of the group mean did not dramatically increase for every worker added to the 

occupational group. The same held true when each of the workers was observed for >8 random 

periods of 30 minutes. Although the occupations showed different exposures, there were no 

remarkable differences in the results of the bootstrap procedures. For other manual materials 

handling activities, such as pulling, lifting, and carrying, which were not presented in the present 

paper, the same patterns as those for pushing were found in both occupational groups. 

The results of our study were somewhat different from those reported by Burdorf and 

Van Riel . They concluded that, for duration of worktime with trunk flexion over 20 

degrees, between 15 and 25 workers must be observed to estimate the group mean exposure. 

At least 3 factors may explain the differences. First, each worker in the study of Burdorf and 

Van Riel ~ was observed for 4 periods of 30 minutes on 2 separate days compared with our 

observations of 1 full workday. Figure 2 and table 3 show that fewer workers had to be 

observed for the same level of precision when the number of 30-minute periods was increased 

from 4 to 8 periods per worker. Second, Burdorf and Van Riel observed the relative time 

spent with the trunk flexed using 1 observation every 20 seconds. In our study, real-time 

(continuous) observation was used to calculate the absolute time and frequency of pushing. 

The within- and between-worker variance of the relative measure trunk flexion, in comparison 

with the absolute values of activities such as pushing, may be different and may, therefore, 

have a direct influence on the relation between the number of workers and repeated 

measurements and the precision of the estimate of the group mean exposure 225. Third, with a 

low number of observed workers the precision increased relatively fast for every worker that 

was added. Beyond a certain point little in precision is gained for every worker added. The 

interpretation of this point may be prone to subjectivity depending on the shape of the figure. 

Furthermore, for instance, statistical or epidemiologic considerations influence the decision of 

whether the precision of the estimate of the group mean can be assumed to be sufficient. 

Both the measurement technique (onsite observation) and the bootstrap method could have 

had a direct effect on the results of our study. It is expected that, when onsite observation is used, 

frequency and duration are assessed with a reasonable level of accuracy 126-239. The bootstrap 

method is an empirical method for estimating the population's mean exposure. Under the 

assumption of normality, confidence intervals of the group means may also be obtained by 

analytical methods based on between- and within-worker variance components 201. In large 

samples, the mean values are normally distributed irrespective of the underling distribution. 
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Because of the relatively small sample size of our observational data the normality assumption 

can be questioned. The large standard deviations relative to the group mean, especially with 

respect to the nurses, are the result of large differences in pushing frequency and duration 

between workers and within workers (days). Hence, the use of the bootstrap method is justified. 

Moreover, the bootstrap procedure is particularly appropriate for exploring the unbalanced 

measurement strategy, the precision of which cannot be estimated by any available analytical 

method. Another consideration to be taken into account when the bootstrap method is applied is 

the number of replications. The results of the present study may have been biased when the 

lumber of replications was too low, but the 1000 replications applied in our study can be 

considered sufficient . 

The bootstrap procedure considers the observations as a true representation of the 

copulation. It is very important that the sample of observational data used for bootstrapping be 

representative of the larger population if the results are to be used to establish an efficient 

measurement strategy. In this study the participants were selected using a stratified sampling 

procedure in order to take into account a priori the most important sources of variation in 

exposure. Within each of the strata, for instance, late shift, workers were selected randomly. In 

ddition, the number of workers within each of the sources of variance was in proportion to the 

lumber of workers that worked within these sources in relation to the total population. Although 

the variance caused by these sources of variance was not studied further, accounting for possible 

.ources of variance should be an important part of the measurement strategy, especially when the 

umber of observations is kept to the minimum. Our considerations as to measurement efforts 

assumed that the observational data were correct and invariable. Acceptance of a stochastic 

variability of the data would increase the estimates of the measurement efforts. Such acceptance 

is acknowledged in standard procedures for power assessment. 

An interesting question is whether many workers should be observed for a short period of 

;ime or a few workers for a longer period of time to arrive at a relatively precise estimate of the 

»roup mean. The first hypothetical answer is shown in table 3. To reach a 5th-95th percentile 

range of 5 for pushing frequency of train stewards, 12 workers must be observed when each 

worker is observed for 4 random periods, which account for a total of 48 periods. The same level 

of precision is reached when 8 workers are observed for 8 periods per worker. This situation 

accounts for a total of 64 periods. As an example, table 3 can be rewritten into table 4. The 

general message is that it is favourable to observe more workers for a short period of time (a 

small number of repeated measurements). This procedure would take a smaller total number of 

periods and could reduce costs and measurement effort. However, there are some practical 

considerations as to observing more workers for shorter periods of time. For practical reasons it 

is convenient to switch between workers on the day of observation. The occupational setting 

determines whether or not such a switch can be made. For our study, for instance, it was 

93 



Chapter 3 

impossible to switch between train stewards because only 1 train steward worked at a time on a 

specific train. Observing more than 1 nurse per day would have been feasible, because they all 

work in the same building or ward. 

Table 4. Number of 30-minute periods that must be observed to arrive at a specified value (10, 
7.5, and 5) of the 5th-95th percentile range for the frequency of pushing for the train 
stewards. Results are presented for an exact number of periods per worker, as well as for 
an unbalanced number of periods per worker. 

Necessary number of 30-minute periods  
10.0of95th-5th%ile 7.5 of 95th-5th%ile 5.0 of 95th-5th%ile 

Number of 30-minute periods Exact Unbalanced Exact Unbalanced Exact Unbalanced 
4 periods 12 12 20 24 48 60 
8 periods 16 16 24 24 64 64 

Another practical consideration was already shown in figure 3. Due to various reasons it is not 

always possible to get exactly 4 or 8 periods per worker. Since the precision of the group mean 

can be reduced by unbalanced sampling, the total number of periods needed to arrive at a certain 

precision would be increased in this case. Table 4 demonstrates this effect in quantitative terms. 

While an unbalanced procedure with approximately 8 periods per worker results in an equal total 

number of periods in comparison with exactly 8 periods per worker, an unbalanced procedure 

with approximately 4 periods increases the total number of periods compared with exactly 4 

periods. In addition, an increase in the desired precision results in an increase in the difference 

between exactly 4 periods and the unbalanced strategy. The practical unbalanced concept was 

only applied to 4 and 8 periods per worker. Applying the same methods to 2 and 16 periods per 

worker would be predictable. The precision of an unbalanced procedure with approximately 16 

periods will decrease in comparison with the precision for exactly 16 periods because 16 periods 

would be an upper limit for the number of periods obtained per worker. Thus, with this strategy, 

the average number of periods per worker is smaller than 16. An unbalanced strategy at 2 periods 

will increase the precision due to the opposite effect, namely, the lower limit is 2 periods per 

worker, and hence the average will be larger than 2. 

In conclusion, the results of our study show that the statistical precision of the average 

group exposure to pushing is influenced by the number of workers observed, and at the same 

time by the number of repeated measurements per worker. For the 2 occupational groups under 

study, an efficient measurement strategy would be to observe 10 workers randomly for at least 8 

periods of 30 minutes per worker, because there was little to be gained in the precision of the 

estimate of the average group exposure when more workers or more observations per worker 

were added. If workers are observed for 4 random periods per worker, at least 12 workers must 
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be observed, and for 2 random periods per worker about 20 workers have to be observed, to 

arrive at the same level of precision. This measurement strategy could not be considered as a 

general rule. Between- and within-worker variance will affect the number of workers and 

repeated measurements needed to arrive at a certain relative precision of the estimated group 

mean exposure. Although it is often recommended to conduct a pilot study in order to get the 

exposure variability data needed to assess necessary measurement efforts in the main study _ , 

this may not explicitly reduce costs and measurement effort. Therefore, it is advised to account 

or possible sources of variance in advance and to assess the exposure variability during the 

ctual measurements. 
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Abstract 

The objective of this study was to quantify the mechanical load on the low back and shoulders 

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 the initial and sustained exerted forces and the mechanical load on the low 

back and shoulders. Detailed biomechanical models of the low back and shoulder joint were 

used to estimate mechanical loading. Using generalised estimating equations (GEE) the 

effects were quantified for exerted push/pull forces, net moments at the low back and 

shoulders, compressive and shear forces at the low back, and compressive forces at the 

glenohumeral joint. The results of this study appeared to be useful to estimate ergonomie 

consequences of interventions in the working constraints during pushing and pulling. Cart 

weight as well as handle height had a considerable effect on the mechanical load and it is 

recommended to maintain low cart weights and to push or pull at shoulder height. Initial and 

sustained exerted forces were not highly correlated with the mechanical load at the low back 

and shoulders within the studied range of the exerted forces. 
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Introduction 
Physical work load and more specifically manual materials handling is generally considered 

to be an occupational risk factor for low back and shoulder complaints 13-108''33'246 Pushing 

;nd pulling have not been the primary subject of epidemiological studies, but several studies 

reported that 9-20% of the injury claims for low back pain were associated with pushing and 

:lling 112. Furthermore, in a study among lorry drivers Van der Beek et al. 233 found a 

significantly increased risk for shoulder pain when subjects regularly pushed or pulled 

eeled cages. Although epidemiological studies provide important indications as to the 

usality of the association, laboratory studies and biomechanical models may provide 

. omplementary information needed to understand the process of how exposure to pushing and 

illing ultimately may lead to low back or shoulder complaints 122123. 

Potential risk factors of pushing and pulling in relation to low back and shoulder 

complaints are, amongst others, the direction of the exerted forces (pushing or pulling), one or 

two handed pushing or pulling, cart weight, and handle height 112. The effect of these risk 

tors on the physical work load has mainly been studied at the level of exerted hand forces 

and net moments at the low back and shoulders (e.g.55-247). The net moment is the resultant of 

! moments around the joint caused by different anatomical structures and thus gives no 

formation about the mechanical stress at these specific structures, e.g. compressive forces at 

the intervertebral discs. Compressive and shear forces at the low back have mainly been 

estimated using single equivalent muscle models (SEM, e.g. 148). However, it is assumed that 

r pushing and pulling the validity of such models is low 6150. To the authors' knowledge, 

the loading of the shoulder region during pushing and pulling in terms of mechanical stress at 

anatomical structures, e.g. compressive forces at the glenohumeral joint, has never been 

explored. The application of detailed biomechanical models of the low back and shoulder may 

reveal new insights with respect to mechanical stress at anatomical structures. Therefore, the 

main objective of the present study was to quantify the effect of pushing and pulling in 

combination with three task constraints: the use of one or two hands, cart weight, and handle 

height. The effects were quantified for exerted push/pull forces, net moments at the low back 

and shoulders, compressive and shear forces at the low back, and compressive forces at the 

glenohumeral joint using detailed biomechanical models. 

Risk evaluation of pushing and pulling during work situations is generally aimed at the 

assessment of initial exerted forces, required to accelerate the object, and sustained exerted 

forces to keep the object at a more or less constant velocity 208. The initial and sustained 

forces are usually compared to psychophysical^ determined maximum acceptable forces 

corresponding to the actual work situation 169-214. The rationale behind the concept of 

psychophysical^ determined maximum acceptable forces is that exceeding these values will 

increase the risk of developing musculoskeletal complaints. As it is generally considered that 
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an increase in risk may be caused by an increase in mechanical loading, the question arises 

whether exerted push or pull forces are related to mechanical loading in terms of net moments 

and compressive forces. Therefore, the second objective of the present study was to examine 

the relation between exerted push and pull forces and mechanical loading at the low back and 

shoulders at the initial and sustained phases of pushing and pulling. The hypothesis was that 

higher exerted initial and sustained forces are related to higher mechanical loading, as derived 

from biomechanical modelling. 
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ïethods 

iirticipants 
Seven healthy male workers, age 33.7 years (SD 6.2), body height 1.78 m (SD 0.12), body 

mass 76.2 kg (SD 18.1), participated in the experiments. They all performed pushing and 

pulling tasks on a daily basis during their work. All participants gave informed consent prior 

to the experiments and reported no history of low back pain or other musculoskeletal 

i'oblems. 

Tasks and procedures 
Preliminary field studies using on-site observations provided information of frequent pushing 

and pulling activities in pre-selected physically demanding professions. The most frequent 

mshing and pulling activities were simulated in the laboratory. A standard four-wheeled cart 

neight 1.6 m, depth 0.8 m, width 0.64 m), as used in postal distribution centres, was used in 

.he experiments. The cart is described in more detail in Van der Beek et al. 237. The cart had 

ard rubber wheels, which were 0.032 m width and had a diameter of 0.12 m. Participants had 

to perform pushing and pulling activities with different combinations of task constraints: 

<_;ing one or two hands, three cart weights, and two handle heights. The participants were 

instructed to push or pull the cart symmetrically with both hands or using the right hand only. 

according to the actual loading of the cart in the field, the total weight of the cart varied 

between 85, 135 and 320 kg. Handle height was individually adjusted at hip height [mean of 

oarticipants: 0.91 m (SD 0.05)], or at shoulder height, [mean of participants 1.46 m (SD 

J.10)]. For each trial, the participants had to displace the cart over a distance of four meters, 

from and until standstill. Furthermore, the participants had to start each trial while the castor 

wheels of the cart were under a 90° angle to the direction of the movement. The pushing and 

ulling activities were performed on a level hard rubber surface. Rolling resistance of the cart 

was comparable to moving the cart on an asphalt surface . 

The participants performed a few practice trials before the actual measurements started. 

The different trials were presented in random order. Because the imposed trials were based on 

frequent pushing and pulling activities at work, not all combinations of the factors were of 

nterest. Table 1 presents the combinations that were assessed in the experiments. Pulling a 

135 kg cart with one hand, pushing a 320 kg cart with one hand, and pulling a 135 kg cart 

with two hands at shoulder height were not assessed in the experiments. 
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Table 1 Measurement scheme (x = condition that is measured). 

Cart weight 85 kg Cart weight 135 kg Cart weight 320 kg 
Hip Shoulder 

height height 
Hip Shoulder 

height height 
Hip Shoulder 

height height 
Pulling 

Pushing 

One hand 
Two hands 
One hand 
Two hands 

X X 

X X 

X X 

X X 

X 

X X 

X X 

X X 

X X 

X X 

Exerted forces and kinematics 

Two 3D force transducers (SRMC3A series, Advanced Mechanical Technology, Inc., USA) 

were attached to the cart to assess the exerted forces. LED markers were attached to the left 

and right side of the body at the level of the L5-S1 joint. Furthermore, markers were attached 

at the shoulders, the right side of the thorax, the elbows, the right wrist, and the cart. The 3D 

marker positions were recorded using an opto-electronic system (Optotrac, Northern Digital 

Inc., Canada). Exerted forces and marker positions were sampled at 50 Hz. 

Biomechanical model of the low back 

Kinematics and anthropometrical data were used as input for an upper body quasi-dynamic 

3D linked segment model 7. The linked segment model consisted of five segments: left and 

right forearms plus hands, left and right upper arms, and trunk plus head. Net moments at the 

L5-S1 level were calculated using standard linked segment mechanics. 

During the experimental pushing and pulling activities surface-EMG recordings were 

made of eight bilateral muscle pairs of the trunk according to Van Dieën and Kingma 253 

using bipolar disposable Ag-AgCl electrodes. Signals were amplified 20 times, band-pass pre-

filtered (10-400 Hz) and A-D converted (22 bits at 1600 Hz). All signals were high-pass 

filtered (FIR) at 30 Hz to reduce cardio-electric interference 195, and subsequently low-pass 

filtered (Butterworth) at 2.5 Hz after full-wave rectification. Filtered data were normalised to 

the maximum value found in maximum voluntary contraction tests derived from McGill 162. 

An EMG driven distribution model was used to estimate compressive and shear forces 

at the L5-S1 intervertebral disc. The model has in part been described previously 248253. 

Muscle forces were estimated as the product of maximum muscle stress, normalised EMG 

amplitude, and correction factors for instantaneous muscle length and contraction velocity 

plus the passive force developed by the muscle's connective tissue. Maximum muscle stress 

was iteratively adjusted to obtain maximum agreement between the time series of muscle 

moments and net external moments (cf. I64). The anthropometry of the model was scaled to 

the anthropometry of the participants. Compressive and shear forces were determined by the 

sum of the forces of the muscle slips as defined by the model, the gravitational forces 
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resulting from the mass of the upper body, and the cart reaction forces at the hands. Shear 

forces are considered positive when the 5th lumbar vertebra moves posterior with regard to 

the position of the sacrum. 

Biomechanical model of the shoulder 

The mechanical loading of the shoulder was estimated using a dynamic 3D model . The 

model is based on the finite element theory 243 and has been validated in several studies 

0,102,242 stancjardised postures of the participants were assessed prior to the experiments to 

record the position of bony landmarks in relation to LED marker positions . During the 

experiments the LED marker positions at the thorax and upper arm were used to predict the 

position of the scapula, the clavicula, and the glenohumeral joint rotation centre ' . The 

anthropometry of the participants was scaled to the anthropometry of the model . The 

kinematics and the exerted forces at the right hand were used to calculate moment and force 

components around three axes through the right glenohumeral joint. 

statistical analyses 
Three dimensional exerted force and net moment components were used to calculate resultant 

xerted forces and resultant net moments at the low back and shoulder joint. The maximum 

exerted force, maximum net moment at the low back and shoulder, and maximum 

compressive and shear force at the low back were determined for each trial. Due to the 

dynamical properties of the pushing and pulling activities and a too frequent loss of marker 

information it appeared not to be possible to estimate compressive forces at the genohumeral 

lint during the entire trial. Thus, the maximum compressive force at the glenohumeral joint 

could not be determined. Initial exerted forces were defined as the maximum exerted forces in 

the period from the beginning of the trial to the instant that the cart reached 80% of its 

maximum velocity. At the instant of the initial exerted force, the net moment at the low back 

and shoulders were calculated as well as the compressive and shear forces at the low back and 

the compressive forces at the glenohumeral joint. The sustained phase was defined as the time 

period of two seconds during which the velocity of the cart was higher than the mean velocity 

of the cart while at the same time the period contained the lowest mean acceleration of all two 

second periods that fit within the time that the velocity was higher than the mean velocity. 

The sustained phase was determined for each trial. Average values during the sustained phase 

were determined for the resultant exerted force, the resultant net moment at the low back and 

shoulder, the compressive and shear forces at the low back, and the compressive forces at the 

shoulder joint. 
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The effect of pushing or pulling, the use of one or two hands, cart weight, and handle height 

on all measures of the exerted forces, net moments, and compressive and shear forces was 

quantified using generalised estimating equations (GEE) 152. The analyses consider the 

measurements within participants as repeated measurement and account for this dependency. 

In the GEE analysis the factors of interest were coded according to: 

outcome = constant + B l - f e ° ) + B 2 - f c S : i ° ) + B3cart weight (kg) + B 4 - ( 2 £ * £ , _ J 

where B1-B4 are regression coefficients and the constant comprises the value of the outcome 

measure when pushing with two hands of a total cart weight of 0 kg at hip height. Regression 

coefficients B5-B10 of the two-way interaction terms were also calculated in the analyses but, 

for the sake of clarity, not visualised in the equation. As the independent variables can not be 

seen independent of each other in practice, all four dependent variables were forced into the 

model. Each of the interaction terms was screened separately for significance. Only 

significant interaction terms were added to the model. If multiple significant interaction terms 

had to be incorporated into model, only those that remained significant were added. A 

significance level of 5% was used. A goodness of fit at group level was achieved by 

comparing the group mean of the different combinations of the dependent variables to the 

values predicted by the GEE model. A linear regression analysis with an intercept forced 

through zero was used to calculate the proportion of the variance explained by the GEE model 

at group level. 

The relationship between exerted push and pull forces and mechanical loading at the 

low back and shoulders was examined using Pearson correlation coefficients. For each 

participant the Pearson correlation coefficient was calculated separately and the mean 

correlation coefficient and standard deviation were determined. 
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lesults 

Maximum values 
T'able 2 presents the estimated regression coefficients for the maximum values found during 

the entire trial. To explain the results presented in this table, and tables 3 and 4, the results of 

the maximum value of the compressive force at L5-S1 will be discussed in more detail. The 

edicted constant value of 1521 N represents two handed pushing at hip height of a cart with 

a total weight of 0 kg. If the effect of pulling is compared to pushing the coefficient Bl of the 

lain effect as well as the interaction coefficient B5 have to be taken into account. Pulling 

ith two hands compared to pushing with two hands resulted in an increase in the predicted 

maximum compressive force of 763 N. However, pulling with only one hand was estimated to 

. esult in the about the same maximum compressive force as pushing with one hand. The main 

effect of using one or two hands was not significant. Therefore, the differences between using 

ne or two hands depend on the interaction with pushing or pulling. When pushing, there 

were no significant differences between using one or two hands. When pulling, the decrease 

n the predicted maximum compressive force when using one instead of two hands would, 

'herefore, be equal to the interaction coefficient B5 (774 N). 

The effects of cart weight and handle height were also dependent on the interaction 

oetween cart weight and handle height. For pushing or pulling at hip height, the predicted 

îaximum compressive force increased with 5 N for every kilogram that was added to the 

, eight of the cart. At shoulder height the maximum compressive force would increase with a 

predicted value of only 2 N for every kilogram. With respect to the 320 kg cart used in the 

present study, at hip height the maximum compressive force at the low back would increase 

with 1600 N, while at shoulder height the maximum compressive force would increase only 

640 N. As the main effect of handle height was not significant, the difference in maximum 

. ompressive force between hip and shoulder height depended on the weight that was pushed 

or pulled. The compressive force at shoulder height would be lower than at hip height by 3 N 

for every kilogram that is added to the weight of the cart. That is, for the 320 kg cart pushing 

or pulling at shoulder height would result in a decrease of 960 N compared to pushing or 

pulling at hip height. 

All possible combinations of the factors and their predicted maximum compressive 

forces at the low back are presented in figure 1. Pushing an 85 kg cart with two hands at 

shoulder height resulted in the lowest predicted maximum compressive forces of almost 1500 

N. The highest predicted value of nearly 4000 N was found for pulling a 320 kg cart with two 

hands at hip height. Figure 2 presents the group mean values of the actual measurements. A 

linear regression analyses to compare predicted and actual values at group level showed that 

93% of the variance was accounted for (table 2). 
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Table 2. Results of GEE analyses to quantify the effect of pushing or pulling, using one or two 
loading on the low back and shoulders. The actual values, standard errors (SE), and 
constant represents the predicted value of the outcome measures for two handed 
values predicted by the GEE model and the actual values at group level is presented. 

Maximum value 

Resultant exerted force (N) 

Low back moment (Nm) 

constant 

pushing (0) 
or 

pulling (1) 
Bl 

Shear force at L5-S1 (N) 

Shoulder moment (Nm) 

2 
two handed (0) 

or 
one handed (I) 

B2 

3 
cart 

weight 
(kg) 
B3 

Coefficient 74.20 43.30 -20.98 0.94 
SE 13.31 11.90 2.99 0.07 
/»-value 0.00 0.00 0.00 0.00 

Coefficient 59.90 47.02 2.97 0.22 
SE 7.32 12.13 2.30 0.02 
/»-value 0.00 0.00 0.20 0.00 

Coefficient 1521.12 763.29 225.56 5.00 
SE 173.08 193.17 148.43 0.61 
p-value 0.00 0.00 0.13 0.00 

Coefficient -485.14 87.70 -49.24 -0.66 
SE 65.59 84.37 20.68 0.21 
p-value 0.00 0.30 0.02 0.00 

Coefficient 38.07 -11.86 21.76 0.11 
SE 5.30 3.23 3.53 0.02 
p-value 0.00 0.00 0.00 0.00 
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hands, cart weight, and hip or shoulder height on maximum values of exerted forces and mechanical 
corresponding p-values are presented of the constant and the regression coefficients B1-B10. The 
pushing of a 0 kg cart at hip height. The proportion of the explained variance (R2) to compare the 

4 1x2 1x3 1x4 2x3 2x4 3x4 
hip height (0) 

or 
shoulder height (1) 

B4 B5 B6 B7 B8 B9 BIO 
2.50 -30.08 0.98 
9.33 14.16 
0.79 0.03 

-21.53 -35.53 0.95 
6.04 5.42 
0.00 0.00 

-259.52 -774.26 -3.05 0.93 
224.01 156.86 0.77 

0.25 0.00 0.00 

225.73 -220.40 0.62 
21.79 60.89 

0.00 0.00 

-15.02 -7.34 0.84 
4.50 3.36 
0.00 0.03 
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Table 3. Results of GEE analyses to quantify the effect of pushing or pulling, using one or two 
and shoulders at the instant of the initial exerted force. The actual values, standard 
B1-B10. The constant represents the predicted value of the outcome measures for two 
the values predicted by the GEE model and the actual values at group level is 

Initial value 

constant 

1 
pushing (0) 

or 
pulling (1) 

Bl 

2 
two handed 

or 
one handed 

B2 

(0) 

0) 

3 
cart 

weight 

(kg) 
B3 

Resultant exerted force (N) Coefficient 
SE 
/»-value 

73.09 
12.68 
0.00 

44.95 
13.31 
0.00 

-22.26 
3.65 
0.00 

0.94 
0.07 
0.00 

Low back moment (Nm) Coefficient 
SE 
p-value 

38.52 
5.50 
0.00 

50.92 
10.28 
0.00 

9.45 
3.51 
0.01 

0.13 
0.02 
0.00 

Compressive force at L5-S1 (N) Coefficient 
SE 
p-value 

976.03 
149.65 

0.00 

789.67 
194.30 

0.00 

313.17 
127.95 

0.01 

3.74 
0.37 
0.00 

Shear force at L5-S1 (N) Coefficient 
SE 
/»-value 

-230.60 
89.47 

0.01 

69.01 
74.79 

0.36 

-61.49 
25.48 

0.02 

-0.47 
0.11 
0.00 

Shoulder moment (Nm) Coefficient 
SE 
/»-value 

32.78 
5.48 
0.00 

-20.47 
7.30 
0.01 

23.37 
2.99 
0.00 

0.16 
0.01 
0.00 

Compressive force at GH joint (N) Coefficient 
SE 
p-value 

1014.76 
116.56 

0.00 

-668.72 
34.14 

0.00 

230.75 
104.89 

0.03 

4.48 
0.30 
0.00 
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lands, cart weight, and hip or shoulder height on values of the mechanical loading on the low back 
rrors (SE), and corresponding p-values are presented of the constant and the regression coefficients 
anded pushing of a 0 kg cart at hip height. The proportion of the explained variance (R2) to compare 

presented. 

4 1x2 1x3 1x4 2x3 2x4 3x4 
hip height (0) 

or 
shoulder height (1) 

B4 B5 B6 B7 B8 B9 BIO R2 

3.48 
9.33 
0.71 

-32.98 
14.94 
0.03 

0.98 

-26.25 
5.40 
0.00 

-35.19 
6.28 
0.00 

0.12 
0.05 
0.01 

0.95 

-723.40 
127.64 

0.00 

-818.58 
164.38 

0.00 

0.91 

227.52 
58.57 

0.00 

-274.74 
46.59 

0.00 

0.78 

-4.54 
4.75 
0.34 

18.75 
7.39 
0.01 

-12.88 
2.75 
0.00 

-0.10 
0.02 
0.00 

0.93 

-4.29 
183.13 

0.98 

657.12 
210.06 

0.00 

-2.16 
0.96 
0.03 

0.66 
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Table 4. Results of GEE analyses to quantify the effect of pushing or pulling, using one or two 
the low back and shoulders during the sustained phase of the pushing and pulling 
constant and the regression coefficients B1-B10. The constant represents the actual 
the explained variance (R2) to compare the values predicted by the GEE model and the 

Sustained value 

1 2 3 
pushing (0) two handed (0) cart 

constant 

or 
pulling (1) 

Bl 

or 
one handed 

B2 
(1) 

weight 
(kg) 
B3 

Resultant exerted force (N) Coefficient 23.24 -8.17 3.08 0.23 
SE 
/"-value 

4.07 
0.00 

5.32 
0.13 

4.38 
0.48 

0.02 
0.00 

Low back moment (Nm) Coefficient 52.40 0.05 -9.06 0.07 
SE 
p-value 

5.52 
0.00 

4.97 
0.99 

4.54 
0.05 

0.01 
0.00 

Compressive force at L5-S1 (N) Coefficient 1081.58 255.28 93.01 2.03 
SE 
p- value 

97.93 
0.00 

101.81 
0.01 

77.50 
0.23 

0.32 
0.00 

Shear force at L5-SI (N) Coefficient -184.40 23.02 -34.01 -0.22 
SE 
/»-value 

31.41 
0.00 

35.29 
0.51 

22.07 
0.12 

0.10 
0.03 

Shoulder moment (Nm) Coefficient 10.27 -6.34 8.25 0.05 
SE 
p- value 

3.01 
0.00 

3.45 
0.07 

1.95 
0.00 

0.01 
0.00 

Compressive force at GH joint (N) Coefficient 470.53 -296.74 272.04 0.34 
SE 
p-value 

72.76 
0.00 

89.02 
0.00 

18.57 
0.00 

0.12 
0.01 

112 



Mechanical exposure 

hands, cart weight, and hip or shoulder height on values of exerted forces and mechanical loading on 
ctivities. The actual values, standard errors (SE), and corresponding p-values are presented of the 

value of the outcome measures for two handed pushing of a 0 kg cart at hip height. The proportion of 
actual values at group level is presented. 

4 1x2 1x3 1x4 2x3 2x4 3x4 
hip height (0) 

or 
shoulder height (1) 

B4 B5 B6 B7 B8 B9 BIO 

0.79 

10.35 0.08 
4.77 0.04 
0.03 0.03 

12.44 
3.75 
0.00 

-0.87 
0.38 
0.02 

.2.29 -10.35 0.08 0.97 
5.29 
0.67 

-24.53 12.44 0.90 
4.37 
0.00 

-310.62 -260.03 -0.87 0.96 
93.72 87.19 

0.00 0.00 

77.65 -65.30 0.61 
26.92 18.77 
0.00 0.00 

-1.83 -4.27 0.96 
1.93 
0.34 

.17.00 -179.76 1.03 0.86 
63.11 

-4.27 
2.01 
0.03 

79.76 1.03 
44.54 0.34 

0.00 0.00 
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For the remaining maximum values, all factors except handle height significantly affected the 

maximum resultant exerted force (table 2). Differences between pushing and pulling were 

found to be dependent of handle height, and the other way around. Except for the use of one 

or two hands, all factors significantly affected the maximum net moment at the low back. 

Differences between using one or two hands appear to be dependent on pushing or pulling. 

Quantitatively, pushing or pulling and cart weight had a considerable effect on the maximum 

net moment at the low back. For displacing 320 kg the maximum net moment would increase 

with 70 Nm. Except for the difference between pushing or pulling, which was dependent on 

handle height, all factors significantly influenced the maximum shear forces at the low back. 

Furthermore, all factors significantly affected the maximum value of the net moment at the 

shoulder. 

Predicted maximum compressive force at L5-S1 (N) 

pulling one handed at shoulder height 

pulling two handed at shoulder height 

pulling one handed at hip height 

pulling two handed at hip height 

pushing one handed at shoulder height 

pushing two handed at shoulder height 

pushing one handed at hip height 

pushing two handed at hip height 

1000 2000 3000 4000 5000 

1 • 85 kg • 85 kg 
D 135 kg 

1 D 320 kg 
^ ^ • ^ 
• W H — 1 — ^ 

HH_ 
I 

! 

^ ^ H _ 

• 3 

Figure 1. Quantification of all possible combinations of pushing and pulling, one and two 
handed, cart weight, and handle height in terms of predicted maximum compressive 
force at the low back. Results are estimated using GEE analyses. 

Initial values 

At the instant of the initial exerted force, all factors except handle height influenced the 

exerted force significantly (table 3). All factors also significantly effected both the net 

moment and the compressive force at the low back, including a significant interaction 

between pushing or pulling and the use of one or two hands. For the net moment also an 

interaction between pushing or pulling and cart weight was observed. Differences between 

pushing and pulling in initial shear forces at the low back were dependent on handle height. 

All other factors had a significant main effect. Pushing or pulling, the use of one or two 

hands, and cart weight significantly affected the net moment and compressive forces at the 
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shoulder joint. Differences between handle heights were affected by pushing or pulling and 

cart weight and, for the net moment, also by the use of one or two hands. 

Sustained values 

or the sustained values of the exerted forces only the main effect of cart weight was 

ignificant (table 4). Interactions of handle height with both the use of one or two hands and 

art weight were observed. All factors except pushing or pulling had a significant effect on 

the sustained net moment at the low back. The compressive force at the low back was 

ignificantly affected by all factors except the use of one or two hands, which appeared to be 

dependent on pushing or pulling. The main effects of cart weight and handle height for the 

hear forces at the low back were significant. Differences between pushing and pulling were 

ependent on handle height. Pushing or pulling did not significantly affect the shoulder 

loment. Differences in shoulder moment between hip and shoulder height were dependent on 

the use of one or two hands. The compressive forces at the shoulder were significantly 

ffected by all factors except handle height, which was dependent on both the use of one or 

•vo hands and cart weight. 

Maximum compressive force at L5-ST (N) 

pulling one handed at shoulder height 

pulling two handed at shoulder height 

pulling one handed at hip height 

pulling two handed at hip height 

pushing one handed at shoulder height 

pushing two handed at shoulder height 

pushing one handed at hip height 

pushing two handed at hip height 

1000 2000 3000 4000 5000 

igure 2. Participants' (N=7) means and standard deviations of the actual values of the 
measured combinations of pushing and pulling, one and two handed, cart weight, and 
handle height in terms of maximum compressive force at the low back. 

Relationship between exerted forces and mechanical load 

Table 5 presents Pearson correlations to describe the relationship between the exerted forces 

and the mechanical load on the low back and shoulder, averaged over participants. Initial and 

maximum exerted forces had a correlation coefficient of 1.00 (SD 0.00), which means that 
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initial exerted forces were the highest exerted forces during the pushing and pulling tasks. 

Moderate correlations were observed between the maximum and initial exerted forces and the 

maximum and initial net moments at the low back, ranging between 0.56 and 0.69. However, 

correlations between the exerted forces and the compressive and shear forces at the low back 

and the net moments and compressive forces at the shoulder were low, ranging between -0.30 

and 0.54. 

Table 5. Participants' (N=7) means and standard deviations of Pearson correlations to describe 
the relation between the exerted forces and the mechanical load on the low back and 
shoulder. Correlations are calculated for the maximum values and for the initial and 
sustained phases. 

Maximum values 

Resultant exerted force (N) 
Low back moment (Nm) 
Compressive force at L5-S1 (N) 
Shear force at L5-S1 (N) 
Shoulder moment (Nm) 
Compressive force at GH joint (N) 

Initial values 

Resultant exerted force (N) 
Low back moment (Nm) 
Compressive force at L5-S1 (N) 
Shear force at L5-S1 (N) 
Shoulder moment (Nm) 
Compressive force at GH joint (N) 

Sustained values 

Resultant exerted force (N) 
Low back moment (Nm) 
Compressive force at L5-S1 (N) 
Shear force at L5-S1 (N) 
Shoulder moment (Nm) 
Compressive force at GH joint (N) 

Maximum resultant 
exerted force (N) 

0.69 (0.09) 
0.46(0.18) 

-0.30 (0.22) 
0.34(0.19) 

Maximum resultant 
exerted force (N) 

1.00(0.00) 
0.57(0.13) 
0.53 (0.14) 

-0.23 (0.29) 
0.33 (0.15) 
0.51 (0.30) 

Sustained resultant 
exerted force (N) 

0.32 (0.27) 
0.31 (0.24) 

-0.17(0.26) 
0.54(0.13) 
0.47 (0.52) 

Initial resultant 
exerted force (N) 

1.00(0.00) 
0.68 (0.08) 
0.46(0.18) 

-0.29 (0.22) 
0.33(0.18) 

Initial resultant 
exerted force (N) 

0.56(0.14) 
0.53(0.14) 

-0.22 (0.30) 
0.32(0.14) 
0.50(0.31) 
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discussion 
The main objective of the present study was to examine the effect of potential risk factors of 

pushing and pulling on the exerted forces and the mechanical load on the low back and 

shoulders. 

Results indicate that exerted forces, net moments, and compressive and shear forces are 

differently affected by pushing or pulling, the use of one or two hands, and handle height. 

Discrepancies exist between analyses at the level of exerted forces and net moments on the 

.me hand and at the level of compressive and shear forces on the other hand. Only cart weight 

ffected each of the dependent variables significantly, i.e. an increase in cart weight resulted 

: a significant increase of all dependent variables. Although initial exerted forces were 

relatively highly correlated with the maximum and initial low back moments, correlations 

with other measures of mechanical load at the low back and shoulder appeared to be low. 

ipplication of methods 

the present study, a three-dimensional EMG driven biomechanical model was used to 

estimate compressive and shear forces. Although Marras 160 states that these models are the 

)st accurate ones available, the validation of these models is not sufficient. Furthermore, the 

application of the present model may have resulted in somewhat overestimated values of 

ompressive and shear forces. The lever arm of the extensor muscles was found to be 

relatively small, probably because the anatomical data of the model represents a smaller than 

average male . Generally, the predicted maximum compressive forces were below the 

recommended NIOSH limit of 3400 N 177. Predicted maximum shear forces were below 800 

N. However, tolerance limits for shear forces are not sufficiently known and there is much 

diversity of opinion J' . Furthermore, the geometry of the model causes the shear forces to 

oe highly sensitive to changes in posture as well as measurement errors in posture 249. Hence, 

the results with respect to shear forces should be approached cautiously. 

A first attempt was made to distribute the net moment at the shoulder and estimate the 

compressive force at the glenohumeral joint during work-related pushing and pulling 

activities. So far, the ergonomie application of the present shoulder model had been limited to 

wheelchair propulsion and bricklaying 245-26\ The shoulder model is able to estimate, among 

others, muscle lengths, muscle forces, and compressive forces in several joints. In the present 

study the compressive force at the glenohumeral joint was chosen to represent the internal 

mechanical load at the shoulder. Although an epidemiological association between the 

compressive force and shoulder complaints has not been studied yet, it is assumed that the 

compressive force can be considered a suitable measure because it reflects all forces that are 

acting on the glenohumeral joint 193. Also, compressive forces are largely determined by the 

rotator cuff muscles that compensate for the shear forces on the glenohumeral joint. These 
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(upward directed) shear forces, when insufficiently compensated, are thought to be the cause 
of impingement. 

GEE was used to quantify the effect of the potential risk factors of pushing and pulling. 

GEE is mostly used for longitudinal epidemiological analyses 229. The application in the 

present study is justified by the fact that results within participants can be assumed to be 

repeated measurements and are therefore not independent. Application of regular linear 

regression analyses would presumably result in more or less comparable regression 

coefficients, but confidence intervals are expected to be too small. Linear regression analyses 

to compare the group mean values and the values predicted by the GEE model showed that 

always more than 90% of the variance was accounted for, except for shear forces at the low 

back and compressive forces at the glenohumeral joint (61-84%). 

Mechanical load at the low back 

An increase of the net moment at the low back as a result of pulling compared to pushing and 

a higher cart weight, and a decrease of the net moment as a result of a higher handle height 

are for the greater part confirmed by several studies U5-247. However, De Looze et al. 55 

reported significant differences in net moment between pushing and pulling also during the 

sustained phase. These results could not be confirmed by the present study. The most likely 

explanation for this contradiction is the use of different types of carts. To the authors' 

knowledge the effect of the use of one or two hands during pushing and pulling has not been 

specifically studied, mainly because two dimensional biomechanical models have been 

applied. However, Lavender et al. 144 reported no differences in the sagittal flexion moment 

between two handed symmetrical and one handed asymmetrical maximal pulling tasks, which 

is in contrast to the findings of the present study. 

Several studies have reported on compressive and shear forces during pushing and 
milliner a r t i v i t i p« 6.10,28,80,136,144,147,148,150,196,219,247 ^ ,, „ ,_ ,. , , . , 

puuing activities . Generally, these studies reported higher 

compressive forces during pulling compared to pushing, for which there are two explanations. 

Firstly, net moments at the low back were reported to be higher during pulling 55. Secondly, 

most studies assume a single equivalent muscle model where net moments are the result of 

the activity of one muscle, either one back muscle or one abdominal muscle. Therefore, 

pulling would result in higher compressive forces because the lever arm of the trunk flexors in 

these models is much larger than the lever arm of the trunk extensors 6.8013".148. However, 

large contrasts are present between the aforementioned studies, and also in relation tot the 

present study, with respect to the level of compressive forces reported. The distribution 

models used to estimate compressive forces may to a certain extent account for the 

differences. Several authors • 5 I80,223 have reported on antagonistic co-contraction of trunk 

flexor and extensor muscles during pushing and pulling activities. In the present study, 
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antagonistic muscle activity was also present, especially during pushing activities, although 

net moments appeared to be relatively low. Van Dieën and De Looze '' showed that 

• impression and shear estimates were affected by co-activity. It is estimated that during 

ushing and pulling activities compressive forces would increase with 10-15% as a 

onsequence of accounting for co-contraction using the EMG driven model . Another 

vplanation for differences in results between studies may lie in the task constraints. The 

imensions of the carts used in relation to its position of the centre of mass could have limited 

he direction of the exerted forces, and, therefore, could have affected the mechanical load. 

fechanical load at the shoulder joint 
Only few studies reported mechanical load on the shoulder joint during pushing and pulling, 

id only in terms of net moments ''55-247. Handle height and the magnitude of the exerted 

force (cf. cart weight) were found to be significantly related to the net moment at the 

houlder. The general idea is that net moments at the shoulder are kept low during pushing 

ind pulling activities by keeping the wrist, elbow, and shoulder close to the line of action of 

he exerted force or by directing the exerted force such that the shoulder joint remains close to 

lie line of action of the exerted force n~. 

A relatively small increase in compressive force at the glenohumeral joint with an 

increase in cart weight during sustained pushing and pulling at hip height was observed, while 

: the instant of the initial force the increase was relatively large. Again, task constrains may 

have caused these differences. It may be hypothesised that the relatively high levels of exerted 

forces needed to accelerate the cart would have tilted the cart when forces were exerted in a 

-.vourable direction to maintain relatively low levels of mechanical load at the shoulder. 

Uiting of the cart was prevented by directing the exerted force in a less favourable directed 

liich resulted in a relatively large increase in mechanical load at the shoulder with an 

»crease in cart weight compared to the sustained phase. 

ïelationship between exerted forces and mechanical load 
Initial exerted forces were found to be the highest exerted forces during the pushing and 

pulling activities. Furthermore, the initial exerted forces were relatively highly correlated with 

the maximum and initial low back net moments. However, for all other measures of 

mechanical load at the low back and shoulder the correlations with the exerted forces were 

low. Therefore, the hypothesis that higher initial and sustained exerted forces are related to 

higher mechanical loading at the low back and shoulder could not be confirmed. This means 

that measuring initial and sustained exerted forces at the workplace is not indicative for the 

peak and sustained mechanical loading at the low back and shoulders. The most likely 

explanation is that the mechanical loading is determined for a larger part by other factors than 
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the absolute magnitude of the exerted forces. Firstly, the direction of the exerted forces with 

respect to the joints also determines the mechanical loading and should be taken into account 

during the assessment at the workplace 5"35 . Secondly, it can be expected that posture and 

movement largely determine the mechanical load compared to the exerted forces. For lifting 

relatively light objects the mechanical load at the low back is largely determined by the 

amount of bending of the trunk and to a lesser extent by the weight of the handled object51'240 

However, it is expected that for exerted forces higher than the forces assessed in the present 

study the relative contribution of the exerted forces to the mechanical load will increase. 

Ergonomie implications 

The regression coefficients and, therefore, the quantified effect of the potential risk factors on 

the mechanical load at the low back and shoulders are specific to the cart and surface used in 

the present study. As the experiments were standardised, it is possible to generalise the 

relative quantitative effects of changes within the risk factors to situations outside the 

laboratory. However, the absolute level of the exerted forces and mechanical load might be 

different for situations with different carts and surfaces. Recently, Al-Eisawi et al. 2 reported 

on minimum exerted forces required to push or pull carts. The diameter of the wheels and the 

surface appeared to be important factors, next to the weight of the cart which is confirmed by 

the results of the present study. According to Al-Eisawi et al. 2 results of the present study can 

be generalised to using carts with hard rubber wheels on a tile or asphalt surface, which is 

commonly used in, for instance, distribution centres. 

The quantification of the effect of the potential risk factors of pushing and pulling can 

be used to determine ergonomie implications. For instance, pulling an 85 kg cart at hip height 

would result in the same predicted maximum compressive force at the low back as pulling the 

320 kg cart at shoulder height. Thus, while maintaining a certain level of mechanical load, a 

change in working technique might result in the necessity to diminish the weight of the cart 

or, when a more favourable working technique is used, in a possibility to increase the weight 

of the cart. It is possible to quantitatively compare different working situations and the 

process of arriving at an optimum ergonomie working situation can be monitored in advance. 

Conclusions and recommendations 

Several potential risk factors of pushing and pulling had a significant effect on the mechanical 

load at the low back and shoulders. Cart weight as well as handle height appeared to affect the 

mechanical load at the low back and shoulder considerably and it is recommended to maintain 

low cart weights and to use or design carts such that it is possible to push or pull at shoulder 

height. However, several interaction effects appeared to be present, which have to be 

considered in the ergonomie design. Finally, initial and sustained exerted forces appeared not 
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to be indicative for the mechanical load at the low back and shoulders within the studied 

ange of the exerted forces. 
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Abstract 

Objectives - The objective was to examine the association between exposure to 
pushing/pulling at work and low back and shoulder complaints. 

Methods - A cross-sectional questionnaire survey was carried out among workers from 

several companies with mainly pushing/pulling tasks. Workers from the same companies 

without physically demanding tasks served as reference. The questionnaire was used to assess 

the exposure to pushing/pulling and other physical risk factors for low back and shoulder 

complaints. Mean scores at company level were used to classify groups into medium and high 

exposed to pushing/pulling and a reference group. Also, psychosocial factors at work were 

assessed. Several pain-related questionnaires were used to assess the 12-month prevalence oi 

low back and shoulder complaints in four dimensions: trouble (ache, pain, discomfort), 

regular and/or prolonged pain, pain intensity, and disability. Prevalence rate ratios (PRs) were 

calculated using Cox's proportional hazards regression analysis. 

Results - The 12-month prevalence of low back complaints was almost equal for all three 

groups. The prevalence of shoulder complaints increased with an increase in exposure level. 

Adjusted PRs showed that the high exposed group had an increased risk for low back 

complaints compared to the reference group. For all dimensions of shoulder complaints a 

clear tendency towards a dose-response relationship was observed. The high exposed group 

had significant PRs for shoulder complaints, ranging from 2.08 to 6.37. Generally, 

psychosocial factors had a confounding effect for pain intensity and disability, but not for 

trouble and regular and/or prolonged pain. 

Conclusions - For shoulder complaints a dose-response relationship was observed for 
exposure to pushing/pulling. Low back complaints were less consistently associated with 
pushing/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. 
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itroduction 
substantial part of transportation of goods requires manual effort. Lifting loads is 

•i reasingly avoided by introducing material handling devices and lifting aids l81274. Many of 

se assist devices, however, still require manual pushing and pulling for positioning. 

-hing and pulling are also necessary to transport large quantities of packed goods on 

heeled carts and are more or less hidden activities of several other tasks, such as patient 

ndling. It is, therefore, not exaggerated when it is stated that overall nearly half of manual 

ierials handling consists of pushing and pulling 12. 

A recent review of epidemiological literature revealed that pushing and pulling is 

ggested to be a risk factor of musculoskeletal complaints " 2 . Garg and Moore 87 concluded 

at pushing and pulling activities accounted for 9-18% of all back strains and sprains. Of 

.orkers' compensation claims, 9% of all back complaints were associated to pushing or 

• Hing objects 128, but the evidence is not highly convincing 120. Kuiper et al. 133 reported 

lly one study of sufficient methodological strength that considered pushing and pulling 78. 

They concluded in this systematic review that evidence for development of low back 

•mplaints was moderate. Besides the low back, also the shoulders may be at risk. Pushing 

d pulling have not been identified as a specific risk factor concerning shoulder complaints 

. However, Van der Beek et al. 233 reported an increased risk of shoulder complaints when 

:orry drivers who regularly pushed or pulled wheeled cages were compared to those who only 

id a driving task. 

Until now, pushing and pulling have not been the primary subject of epidemiological 

idies and more epidemiological evidence is needed to acknowledge pushing and pulling as 

isk factors for musculoskeletal complaints. Risk factors of low back and shoulder pain may 

vary with the definition of low back and shoulder pain 64'184. A clear association between 

iishing/pulling and musculoskeletal complaints may become apparent in several definitions 

if pain. Otherwise, it may be hypothesised that pushing and pulling are associated with 

ertain dimensions of complaints only, e.g. severity or disability 146. Therefore, the objective 

)f the present study was to examine the association between pushing/pulling and low back 

and shoulder complaints among workers in several occupational groups, using several pain-

lated questionnaires. 
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Subjects and methods 

Design and study population 

A cross-sectional questionnaire survey was carried out among male and female workers. 

Relatively large companies and institutions, for which it was expected that pushing and 

pulling was a common activity, were approached to participate in the study. Companies were 

selected for participation after the approval of the management and after a visual inspection at 

the work place to insure that pushing and pulling were prominent activities. Eventually, a 

company that provides food and drinks in trains, two nursing homes, two flower auctions, a 

distribution centre of the Dutch postal services, and a large group of refuse collectors from 

several small companies were included in the study. Workers were invited to participate only 

when they were contracted for an indefinite period of time. Furthermore, within each 

company workers were included if they regularly performed pushing and pulling tasks or if 

they performed tasks that were not physically demanding, such as administrative or 

management tasks. The latter group of workers was included to serve as reference. 

All participants were requested to complete a questionnaire. Questionnaires were sent to 

the home address of 496 employees that regularly pushed or pulled at work and to 239 

employees without physically demanding tasks. If the response rate was low, employees were 

approached at work and in some cases employees were assisted in completing the 

questionnaire. Additionally, a group of 94 refuse collectors were asked to complete the 

questionnaire. They were approached at work to ensure a high response rate. Also, if needed, 

they were assisted in completing the questionnaire because of an expected relatively low 

mastery of language compared to the other participants. Eventually, 629 questionnaires were 

completed (76%). 

Assessment of independent variables 

Exposure to pushing and pulling was assessed using the Loquest questionnaire 107 by asking 

whether or not pushing or pulling a total weight over 50 kg was a frequent activity. The 

answers were assessed on a four point scale (seldom or never, sometimes, quite often, very 

often). For each of the pushing/pulling groups and non-physically active groups within each 

company the percentage of workers scoring within a category of the four point scale was 

calculated. The percentage was multiplied by one for the seldom or never category to four for 

the very often category. Hence, a score of 100 was awarded to an occupational group with a 

100% score within seldom or never and a score of 400 to a group with 100% score within 

very often. Next, the occupational groups were categorised into three exposure groups, i.e. a 

reference group (100-199 points), a medium exposed group (200-299 points), and a high 

exposed group (300-400 points). The reference group comprised 188 participants, the medium 
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xposed group 252 participants, and the high exposed group 182 participants. The 

demographic characteristics of these exposure groups are presented in table 1. 

'able 1. Number of respondents of the questionnaire survey, mean age in years (standard 
deviation), mean years of employment in current job (standard deviation), and the 
mean number of working hours per week (standard deviation) presented for three 
exposure groups with respect to pushing and pulling over 50 kg. 

Reference Medium exposed High exposed 
group group group 

Number of participants 188 252 182 
Men 94 129 166 
Women 94 123 16 

ge in years (SD) 41.1 (9.1) 38.0(9.5) 41.2(8.4) 
ears of employment in current job(SD) 10.7(7.3) 8.6 (6.6) 13.9(7.9) 

working hours per week (SD) 35(10) 34(11) 38(4) 

Recent reviews on risk factors for low back and shoulder complaints were screened for 

otential confounders or effect modifiers in the association between pushing/pulling and low 
back or shoulder complaints I3.",22,62,i08,i33,207,24i,246_ T h e r e f o r e i a g a i n u s i n g t h e Loquest 

questionnaire l07, the work-related physical exposures to working behind a display (long 

teriods of VDU work), working with hands above shoulder height, lifting or carrying loads 

over 5 kg, driving in vehicles, and bending and/or twisting with the upper body many times 

per hour were assessed and considered to be potential confounders. For each of the work-

elated physical exposure variables three exposure groups were constructed following the 

ame procedure as described for pushing and pulling. 

While the exposure to these work-related physical factors was analysed at group level, 

the exposure to the other potential confounding variables was analysed at individual level. 

The questionnaire was used to assess gender, age, level of education, years of employment, 

the regular participation to physically demanding sports, and the occurrence of at least one 

tressful life event during the last twelve months. The psychosocial factors decision authority, 

>kill discretion, psychosocial work demands, co-worker support, and supervisor support were 

assessed using the Questionnaire on Perception and Judgement of Work " . The individual's 

exposure to the psychosocial factors was dichotomised to high and low exposed using the 

population's median level as cut-off point. 

Assessment of dependent variables 

Both shoulder and low back complaints were assessed using three questionnaires. Firstly, a 

Dutch translation of the Standardised Nordic Questionnaire was used for trouble (ache, pain, 

discomfort) during the last twelve months 142. Secondly, the number of participants that 
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reported regular and/or prolonged pain during the last twelve months was assessed using the 

Loquest questionnaire 107. Thirdly, pain intensity as well as disability were assessed using the 

questionnaire described by Von Korff262. High pain intensity was defined as an average score 

of at least five points at the three 10-point scales concerning characteristic pain intensity. An 

average score of at least five points at the three 10-point disability scales was defined as high 

disability. The Von Korff questionnaire was adjusted such that the twelve month prevalence 

of high pain intensity and high disability could be assessed. 

Analyses and statistics 

Prevalence rate ratios (PRs) and corresponding 95% confidence intervals (CIs) were 

calculated using Cox's proportional hazards regression analysis with a constant risk period to 

study the association between pushing/pulling and low back and shoulder complaints. For the 

low back as well as the shoulders crude PRs between the groups that were medium and high 

exposed to pushing and pulling and the reference group were calculated for four dimensions 

of complaints, i.e. the twelve month prevalence of trouble, regular and/or prolonged pain, 

high pain intensity, and high disability. 

To prevent collinearity, correlation coefficients between the independent variables were 

calculated. Working behind display, lifting or carrying loads over 5 kg, and bending and/or 

twisting with the upper body many times per hour, appeared to be highly correlated with 

pushing and pulling with correlation coefficients of-0.72, 0.65, and 0.97, respectively. These 

variables were subsequently omitted from the epidemiological model as potential 

confounding factors. Each of the remaining independent variables was screened separately for 

confounding. Gender and age were selected a priori as confounding factors. The confounding 

effect of driving a vehicle was examined with respect to low back complaints and working 

with hands above shoulder height with respect to shoulder complaints. If the PR for pushing 

and pulling, adjusted for gender and age, was changed at least 10%, the included variable was 

identified as a confounder and included in the multivariate model. Driving a vehicle appeared 

to have a confounding effect on low back trouble, pain intensity and disability. Also, decision 

authority, skill discretion, psychosocial work demands, and supervisor support changed the 

PR with respect to low back disability. For shoulder complaints, working above shoulder 

height appeared to have a confounding effect on all of the four dimensions. The PR for 

shoulder pain intensity was changed by including education, skill discretion, and co-worker 

support. Psychosocial work demands, co-worker support, and supervisor support had a 

confounding effect on the association between pushing/pulling and shoulder-related disability. 

All statistical analyses were performed with version 9.0.0 of the SPSS statistical package and 

a significance level of 5% was used. 
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esults 
The twelve month prevalence of low back and shoulder complaints according to the different 

dimensions of complaints are presented in table 2 for the three exposure groups concerning 

ashing and pulling over 50 kg. The prevalence of low back trouble was about 50% and 

most equal for all exposure groups. However, the prevalence of shoulder trouble did 

increase with an increase in exposure level from 25% in the reference group to 4 1 % in the 

;h exposed group. A comparable tendency was observed for the different dimensions of 

mplaints, i.e. small differences in prevalence between exposure groups for low back 

•.. Jinplaints and an increase in prevalence with an increase in exposure for shoulder 

mplaints. Generally, the twelve month prevalence of regular and/or prolonged complaints 

s somewhat higher than trouble (ache, pain, discomfort). With respect to the Von Korff 

ostionnaire, prevalences of high pain intensity and high disability were relatively low. 

ible 2. The relative (and absolute) twelve month prevalence of low back and shoulder 
complaints according to four different dimensions of complaints. 

Reference Medium exposed High exposed 
group group group 

(n=188) (n=252) (n=182) 
• back 

'rouble (ache, pain, discomfort) 47% (89) 49% (123) 48% (89) 
gular and/or prolonged complaints 58% (110) 64% (162) 68% (126) 

[igh pain intensity 15% (29) 15% (38) 21% (38) 
:gh disability 6% (11) 6% (14) 12% (23) 

• mtlders 
rouble (ache, pain, discomfort) 25% (48) 27% (68) 41% (75) 

Regular and/or prolonged complaints 32% (60) 39% (99) 58% (107) 
: gh pain intensity 5% (9) 9% (22) 20% (37) 

ligh disability 3% (5) 6% (15) 10% (18) 

tie tendency observed in table 2 is continued in tables 3, 4, and 5. Table 3 presents the crude 

prevalence rate ratios (PRs) for the medium and high exposed groups in comparison with the 

reference group. Only for low back disability in the high exposed group there was a 

agnificant crude PR of 2.15 (95% CI: 1.05-4.41) in comparison with the reference group. The 

"igh exposed group showed significant crude PRs for all dimensions of shoulder complaints, 

ranging from 1.60 for shoulder trouble to 4.22 for high intensity of shoulder pain. 
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Table 3. Association between low back and shoulder complaints and exposure to pushing and 
pulling over 50 kg. The crude prevalence rate ratios (and 95% confidence intervals) 
are presented. 

Trouble (ache, Regular and/or High pain intensity High disability 
pain, discomfort) prolonged 

complaints 
Low back 
Reference group 1.00 1.00 1.00 1.00 
Medium exposed group 1.04(0.80-1.37) 1.11(0.87-1.41) 0.98(0.61-1.60) 0.96(0.43-2.11) 
High exposed group 1.02(0.76-1.37) 1.18(0.91-1.52) 1.35(0.83-2.18) 2.15(1.05-4.41) 

Shoulders 
Reference group 1.00 1.00 1.00 1.00 
Medium exposed group 1.08(0.74-1.56) 1.24(0.90-1.71) 1.84(0.85-3.99) 2.25(0.82-6.20) 
High exposed group 1.60(1.12-2.31) 1.83(1.34-2.51) 4.22(2.04-8.75) 3.70(1.37-9.96) 

In table 4 the adjusted PRs are presented for the low back. Generally, only the high exposed 

group showed an increased risk for low back complaints. For regular and/or prolonged 

complaints and high pain intensity the adjusted PRs were statistically significant. Gender 

appeared to have a significant effect on low back trouble, regular and/or prolonged 

complaints, and high pain intensity, i.e. women had a significantly higher risk. High 

psychosocial work demands was a significant risk factor for high disability. 

Table 5 presents the adjusted PRs for shoulder complaints. A clear tendency towards a 

dose-response relationship was observed in all of the four dimensions of shoulder complaints. 

The high exposed group had a significant PR for all dimensions of shoulder problems, 

ranging from 2 for shoulder trouble and regular and/or prolonged complaints up to 6 for the 

Von Korff measures. The medium exposed group had marginally significant PRs of 1.31 

(95% CI: 0.95-1.81) for regular and/or prolonged shoulder complaints and 3.46 (95% CI: 

0.99-12.17) for shoulder disability. Again, when gender was included into the 

epidemiological model it appeared to have a significant PR for all dimensions of shoulder 

complaints, with women having the higher risk. For working above shoulder height the 

medium exposed group showed significant PRs for all dimensions of shoulder complaints in 

the range of 1.63 - 2.93. Furthermore, low skill discretion and low education were found to be 

significant risk factors for high intensity of shoulder pain. 
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Table 4. Association between low back complaints and exposure to pushing and pulling over 
50 kg. Adjusted prevalence rate ratios (and 95% confidence intervals) are presented. 
Confounding factors and corresponding prevalence rate ratios are presented when 
included into the regression model. Gender and age were a priori forced into the 
model. 

Trouble (ache, Regular and/or 
pain, discomfort) prolonged 

complaints 

High pain intensity High disability 

Pushing and pulling 
Reference group 1.00 1.00 
\4edium exposed group 1.05(0.78-1.41) 1.12(0.87-1.43) 
iiigh exposed group 1.42(0.96-2.10) 1.40(1.06-1.84) 

Confounding factors 
knder 

Men 1.00 1.00 
Women 1.45(1.07-1.96) 1.42(1.14-1.77) 

-\ge 1.00(0.99-1.01) 1.00(0.99-1.01) 
driving 

Reference group 1.00 -
Medium exposed 0.81 (0.56-1.17) -
High exposed 0.94 (0.61-1.45) -

Decision authority 
High - -
Low - -

îkill discretion 
High - -
Low - -

'sychosocial 
work demands 

Low - -
High - -

Supervisor support 
High - -
Low - -

1.00 1.00 
0.99(0.59-1.66) 0.83(0.33-2.07) 
2.15(1.08-4.27) 2.25(0.71-7.10) 

1.00 1.00 
1.73(1.03-2.90) 1.31(0.58-2.99) 
1.01 (0.99-1.03) 1.01 (0.97-1.04) 

1.00 1.00 
0.68(0.35-1.34) 0.64(0.21-1.98) 
1.07(0.51-2.27) 0.90(0.26-3.14) 

1.00 
1.40(0.69-2.85) 

1.00 
1.01 (0.52-1.96) 

1.00 
2.54(1.23-5.26) 

1.00 
1.70(0.86-3.33) 
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Table 5. Association between shoulder complaints and exposure to pushing and pulling over 50 
kg. Adjusted prevalence rate ratios (and 95% confidence intervals) are presented. 
Confounding factors and corresponding prevalence rate ratios are presented when 
included into the regression model. Gender and age were a priori forced into the 
model. 

Trouble (ache, Regular and/or High pain intensity High disability 
pain, discomfort) prolonged 

complaints 
Pushing and pulling 
Reference group 1.00 1.00 1.00 1.00 
Medium exposed group 1.13(0.78-1.64) 1.31 (0.95-1.81) 1.97(0.78-5.00) 3.46(0.99-12.17) 
High exposed group 2.09(1.35-3.24) 2.08(1.43-3.02) 6.37(2.36-17.13) 6.23(1.55-25.13) 

Confounding factors 
Gender 

Men 1.00 1.00 1.00 1.00 
Women 2.42(1.73-3.39) 1.70(1.29-2.26) 4.16(2.17-7.99) 3.17(1.27-7.94) 

Age 1.01 (0.99-1.02) 1.01 (1.00-1.03) 0.99(0.96-1.02) 1.00(0.97-1.04) 
Education 

High - - 1.00 _ 
Low - - 1.94(1.09-3.46) -

Working above 
shoulder height 

Reference group 1.00 1.00 1.00 1.00 
Medium exposed 1.82(1.13-2.94) 1.63(1.09-2.44) 2.35(1.13-4.86) 2.93(1.03-8.35) 
High exposed - - - _ 

Skill discretion 
High - - 1.00 _ 
Low - - 1.74(1.00-3.03) -

Psychosocial 
work demands 

Low - - - 1.00 
-, High - - - 1.46(0.68-3.12) 
Co-worker support 

High - - 1.00 1.00 
Low - - 0.92(0.54-1.58) 1.30(0.60-2.83) 

Supervisor support 
High - - - 1.00 
Low - - - 1.05(0.49-2.25) 
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iscussion 
"tie objective of the present study was to examine the association between pushing/pulling 

id the prevalence of low back and shoulder complaints. Only the group that was highly 

exposed to pushing and pulling showed an increased risk of low back complaints. However, 

•,hese increased risks were significant for two out of four different dimensions of complaints 

table 4). For shoulder complaints a clear tendency towards a dose-response relationship was 

observed. The high exposed group appeared to have a significant increased risk for all studied 

'.mensions of shoulder complaints. 

Exposure to pushing and pulling and other work-related physical factors was defined at 

roup level. Each person assigned to one of three exposure groups was assumed to have the 

ame mean exposure level. It has been suggested that self-reported physical work load may be 

used to classify occupational groups at an ordinal scale with crude exposure categories " ' . 

Seixas et al. 205 stated that studies aimed at group level are accompanied with essentially 

aibiased estimates of risk compared to studies aimed at individual level, but group-based risk 

itimates have relatively large random errors. Also, it has been recognised that estimating PRs 

by Cox's regression would result in more reliable estimates of risk compared to estimating 

Ids ratio's by logistic regression when prevalences are relatively high, but that confidence 

atervals are estimated conservatively 2"4. From a statistical point of view the estimated risk 

;vels of the present study can be considered to be relatively unbiased but confidence intervals 

are expected to be relatively wide. Significant associations can, therefore, be considered 

edible associations. 

In the present study the classification of work-related physical factors introduced 

difficulties when eliminating confounding. Exposure groups that represented working behind 

. display, lifting, and bending/twisting with the upper body were highly correlated with the 

exposure groups of pushing/pulling and, therefore, not independent from pushing/pulling. It 

>ppears that, at group level, people who push or pull do not work behind displays and their 

vork also contains some lifting and bending/twisting. If the prevalence of shoulder 

:omplaints within the reference group is relatively increased because of working behind 

displays, the PRs of the groups that are medium and high exposed to pushing and pulling with 

cspect to shoulder complaints may even be underestimated. It is expected that lifting loads 

only has a minor effect. Companies were selected when pushing and pulling were common 

activities. Only for nurses it is expected that a considerable part of daily work consists of 

lifting. However, the nurses were assigned to the medium exposed group with respect to 

pushing and pulling, which, surprisingly, had no increased risk for low back complaints. 

Bending and twisting of the upper body frequently accompanies pushing or pulling. 

Therefore, it can still be argued that associations between pushing/pulling and low back 

complaints may be largely explained by bending and twisting. 
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To the authors' knowledge pushing and pulling have not been the primary subject of any 

epidemiological study. Cross-sectional associations were reported, usually as part of studies 

to identify risk factors of low back complaints. Frymoyer et al. 77 reported a significant 

association between low back pain and pushing/pulling. Damkot et al. 39 calculated a relative 

objective measure of exposure by multiplying the weight of the pushed objects by the number 

of pushing efforts required each day. It appeared that the more severe cases of low back pain 

were associated with significantly higher pushing exposure. In a multivariate analysis to 

compare groups with different levels of pain, the maximum weight pulled each day and the 

average weight pulled each day were found to be significant risk factors. Based on workers' 

compensation claims, Fuortes et al. n studied the prevalence of back injuries among nurses 

using a case-control design. Univariate analysis revealed that only pulling was significantly 

associated with back injury (Odds Ratio 1.08, 95% CI: 1.01-1.15). Another study reported 

that pushing or pulling heavy loads more than once a week was found to be a protective factor 

of sick leave for low back pain, although the association was not significant (Odds Ratio 0.57, 

95% CI: 0.28-1.17) m. Van der Beek et al. m found a significant Odds Ratio of 1.7 (90% CI: 

1.0-3.0) for regular pain or stiffness in the lumbar region when lorry drivers who also push 

and pull wheeled cages are compared to lorry drivers who perform hardly any 

loading/unloading activities. These results are partly confirmed in the present study. Only for 

regular and/or prolonged low back complaints and for high intensity of low back pain 

associations with the high exposed group were significant. Discrepancies in results may be 

explained by the relative large contrast in exposure to pushing/pulling between the high 

exposed group and the reference group. As companies were selected on pushing and pulling 

in the present study, it can be expected that other studies included workers that may be 

exposed to pushing and pulling like the medium exposed group. The results of the present 

study indicate that the association between pushing/pulling and low back complaints is not as 

strong as could be expected from the literature. On the other hand, the more severe cases of 

low back pain were associated with pushing and pulling. 

To the authors' knowledge, the association between pushing/pulling and shoulder 

complaints has only been reported by Van der Beek et al. 233. They found a significant Odds 

Ratio of 2.0 (90%CI 1.1-3.7) with respect to regular pain or stiffness in the shoulder, which is 

about the same risk ratio as found in the present study. Results point to a stronger association 

between pushing/pulling and shoulder complaints compared to low back complaints. 

Pushing/pulling as such can be identified as a specific risk factor as to shoulder complaints. 

Relative higher PRs are found for the more severe cases of shoulder pain and a tendency of an 

increase in PR with an increase in exposure could be observed. Both point to a possible causal 

relationship, which should be confirmed by longitudinal analysis. 
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Driving vehicles as well as working above shoulder height appeared to be confounding 

variables for low back and shoulder complaints, respectively. Working above shoulder height 

was found to be a significant risk factor of shoulder complaints. Results are confirmed by 

most of the consulted reviews, as it is generally acknowledged that there is strong evidence 

with respect to whole body vibration in relation to low back pain 18 and sufficient evidence 

with respect to posture in relation to shoulder pain. Also, women were found to have a 

significantly increased PR when compared to men for both low back and shoulder complaints. 

Effect modification of gender, as was pointed out by Niedhammer et al. '75, appeared not to 

be present. The difference can, therefore, be considered systematic and has been reported 

independent of occupation 59. In a study of pushing and pulling, differences between men and 

women in exerted forces remained significant when accounting for anthropometry and 

maximum capacity. It was hypothesised that differences in working methods would explain 

the findings 237. However, De Zwart et al. 59 could not find a single explanation and concluded 

that gender differences in risk for musculoskeletal complaints should probably be considered 

multifactorial. 

An interesting finding is that the psychosocial factors had a confounding effect only for 

pain intensity and disability as defined by the Von Korff questionnaire. These questions 

represent the twelve month prevalence of the more severe cases. The question is whether this 

is a statistical effect, resulting in the relative wide confidence intervals, or whether 
192 

psychosocial factors affect the prevalence of reporting more severe pain or disability. Pope 

suggested that psychosocial factors intervene in how pain can cause disability, in which case 

psychosocial factors are intermediate factors and, therefore, cannot be considered 

confounding factors. Another explanation is suggested by Dionne et al. 6i. They reported an 

association between education and back-related disability, which they explained through 

somatization, occupational factors, and lifestyle variables. It is not inconceivable that people 

with low levels of social support and high psychosocial work demands are more likely to 

develop pain-related disability. The consulted reviews report contradictory results with 

respect to the relation between physical complaints and psychosocial factors. A likely 

explanation of the contradictions between reviews is that risk factors of low back pain vary 

with the definition 64'184, which is confirmed by the results of the present study. For the study 

of musculoskeletal complaints in working populations, the Standardised Nordic Questionnaire 

is widely used and validated "7185. The assessment of low back and shoulder complaints 

using the Loquest questionnaire 107 resulted in consistently higher prevalences compared to 

the Nordic Questionnaire. However, the estimated PRs appeared to be the same. This 

indicates that it concerns a non-differential increase in prevalence and that there are no major 

differences in the concept of complaints between the Nordic and Loquest questionnaire. The 

Von Korff questionnaire is designed for patient-based studies and not often applied in 
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working populations. As a result, the number of cases with high pain and disability was very 
small. The application of the Von Korff questionnaire might be debatable in etiologic studies 
among working populations. However, this questionnaire is useful in the identification of 
severe cases and their response to physical work load, which can be important in the 
prevention of chronic complaints and the evaluation of the effectiveness of occupational 
rehabilitation. 

In conclusion, shoulder complaints appeared to be significantly associated with pushing 

and pulling. A tendency towards a dose-response relationship was observed. Low back 

complaints were less consistently associated with 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 may affect these associations. Results should be 

confirmed by analyses of more objective exposure data and in a longitudinal design. 
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Abstract 

Objectives Low back and shoulder complaints were examined in relation to the self-
reported and objectively assessed exposure to work-related pushing/pulling in a prospective 
study. 

Methods Workers with pushing/pulling tasks and, as reference, workers without 

physically demand.ng tasks were invited to parficipate. A total of 829 workers initially 
received a questionnaire, of whom 459 responded both at baseline and at one year follow-up 
At baseline, self-reported exposure to pushing/pulling was assessed by questionnaire 
Furthermore, a representative sample of 131 workers was observed at work to objectively 
assess exposure to pushing/pulling. At baseline and follow-up, the 12-month prevalence of 
low back and shoulder complaints was assessed. For exposure to pushing/pulling, workers 
were classified into three groups: the reference group and a medium and high exposed group. 
Cox's proportional hazard regression analysis was used to calculate prevalence rate ratios 
(PRs). 

Results Adjusted PRs were not significant for low back complaints. For shoulder 

complaints, both the medium and high exposed groups showed significant adjusted PRs for 
the self-reported exposure and observed duration of pushing/pulling compared with the 
reference group. For the observed frequency of pushing/pulling, only the medium exposed 
group showed a significant PR. 

Conclusions The findings of the present study suggest a rather strong relationship between 
pushing/pulling and shoulder complaints. The evidence for a relationship between 
pushing/pulling and low back complaints is limited, partly because conservative regression 
analyses were used. 
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ntroduction 
Manual handling of materials is a daily routine activity of a substantial number of workers. 

Generally, these workers run a considerable risk of developing musculoskeletal complaints, 

decent reviews of epidemiological literature indicate a relation between manual materials 

andling and low back complaints 22108. For shoulder complaints the association is less 

onsistent 241'246. It may be argued whether these associations apply to both the 

dfting/carrying and pushing/pulling of loads, which are estimated to be equally frequent 

.•cliniques of manual materials handling '~ but which are essentially different from a 

nechanical perspective. Lifting loads has been extensively studied and was found to be 

insistently related to low back complaints 13. The risk of musculoskeletal complaints related 

o pushing/pulling is less well documented 112. Of all back strains and pains, 9-18% was found 

'o be associated to pushing/pulling 87'128. Several other cross-sectional studies have reported 
^0 77 78 1 R4 7^^ 

m association between pushing/pulling and low back complaints ' ' ' ' .An association 

'etween pushing/pulling and shoulder complaints has been reported by Van der Beek et al. 

and Hughes et al. " 3 only. Thus, the evidence for a (causal) relationship between 

^ushing/pulling and low back or shoulder complaints is not conclusive, mainly because only 

;ross-sectional designs have been used. 

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

designs and can be considered the next step in identifying pushing/pulling as risk factor for 

nusculoskeletal complaints 112-200. The causality of the relation can be further explored by 

establishing an exposure-response relationship. This may also provide a scientific basis for 

he development of ergonomie adjustments of pushing/pulling tasks to prevent 

nusculoskeletal complaints. To this end, an adequate assessment of exposure is essential 

iio,232 £Xp0 S u r e j s usually defined by job title only or by using self-completed questionnaires. 

However, self-reported exposure may result in misclassification of exposure and attenuation 

of the association with musculoskeletal complaints in case the misclassification is non-

differential 272. Hence, exposure to pushing/pulling should be assessed at a sufficient level of 

detail, using objective measurement methods where possible Jil. 

The current prospective cohort study was performed among workers with mainly work-

related pushing/pulling tasks and a reference group that was not involved in physically 

demanding work. The objective was to study low back and shoulder complaints in relation to 

die self-reported and objectively assessed exposure to pushing/pulling. 
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Materials and methods 

Design and study population 

A one-year prospective cohort study among male and female workers was initiated in 1997. 

Relatively large companies and institutions, for which it was known that pushing/pulling were 

common activities, were approached to participate in the study. Companies were selected for 

participation after approval of the management and after a visual inspection at the workplace 

to insure that pushing/pulling were prominent activities. Eventually, a rail catering company 

that provides food and drinks in trams, two nursing homes, two flower auctions, a distribution 

centre of the Dutch postal services, and a large group of refuse collectors from several small 

companies were included in the study. Workers were invited to participate only if they held a 

permanent appointment. Furthermore, within each company two groups of workers were 

included. First, workers who regularly performed pushing/pulling tasks were included. 

Second, to serve as reference, workers who performed tasks that were not physically 

demanding, such as administrative or management tasks, were included. 

All participants were requested to complete a questionnaire twice, with a follow-up 
period of one year. The first questionnaire was presented to 829 employees. If the response 
rate was low, employees were approached at work and in some cases employees were assisted 
in completing the questionnaire. At baseline, 629 (76%) questionnaires were completed. At 
the time of follow-up 38 participants were not employed anymore by the company and were 
not available. Of the remaining 591 participants, 459 (78%) returned the follow-up 
questionnaire. 

Assessment of independent variables 

Exposure to pushing/pulling was subjectively assessed at baseline using the Dutch 

Musculoskeletal Questionnaire (DMQ) I06107
 m which the question was asked whether 

pushing or pulling a total weight over 50 kg was a frequent activity. The answers were 

assessed on a four point scale (seldom or never, sometimes, quite often, very often). For each 

group within each company the percentage of workers scoring within a category of the four 

point scale was calculated. The percentage per category was multiplied by one for the seldom 

or never category to four for the very often category. Hence, a score of 100 was awarded to an 

occupational group with a 100% score within seldom or never and a score of 400 to a group 

with 100% score within very often. Next, the occupational groups were categorised into three 

exposure groups. The initially selected groups of workers without physically demanding 

tasks, included as reference group, had a score below 200 points. Furthermore, the groups of 

workers exposed to pushing/pulling were categorised into a medium exposed group (200-299 

points) and a high exposed group (300-400 points). 
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Also at baseline, a representative sample of workers of each company was systematically 

observed at their workplace using TRAC (Task Recording and Analysis on Computer) 76. Of 

tie workers exposed to pushing/pulling 92 workers were observed [68 male, 24 female, mean 

age 38.1 years (SD 10.1)]. Of the reference group 39 workers were observed [21 male, 18 

female, mean age 38.8 years (SD 9.7)]. Each selected worker exposed to pushing/pulling was 

•llowed by two observers for approximately a full working day. Workers of the reference 

group were observed for half a day. Preceding the observations, the participating observers 

ere trained to improve inter- and intra-observer reliability. During a week of intensive 

training, the percentage of agreement and the Cohen's kappa between and within observers 

re assessed for all variables. At the end of the training period it was ensured that all 

\ ariables had a percentage of agreement of at least 80% and a Cohen's kappa of at least 0.50, 

lich is acknowledged to be an acceptable standard of observer reliability 239. Tasks, 

activities, and materials handled were observed real time (continuously) by one of the 

observers. Activities were divided into lifting, carrying, pushing, pulling, standing, sitting, 

walking, and kneeling. Working postures, i.e. trunk flexion, trunk rotation and/or 

iateroflexion, and elevation of arms, were recorded every 15 seconds by the other observer. 

For each of the groups within each company the average exposure to activities and postures 

as calculated using the observation data and company specific information such as work 

chedules and job rotation. A group strategy was used, i.e. each worker of subgroups within 

each company was modelled to have the same exposure, which was defined as the daily 

equency (times per day) of activities and duration (seconds per day) of activities and 

vorking postures. For the frequency as well as duration the results for pushing were added to 

pulling and categorised into a reference group, medium exposed group, and high exposed 

group. Again, the reference group consisted of the original reference population. To classify 

che medium and high exposed groups a cut-off point was chosen based on a natural boundary, 

i.e. the contrast in observed frequency or duration between two successive companies had to 

c relatively large, and on a relatively equal division in number of workers. The demographic 

haracteristics of the exposure groups based on the self-reported exposure to pushing/pulling 

and on the observed frequency and duration of pushing/pulling are presented in table 1. 

Recent reviews on risk factors for low back and shoulder complaints were screened for 

potential confounders or effect modifiers in the association between pushing/pulling and low 

back or shoulder complaints 13.17,22,62,108,133,207,241,246 Working behind a display, driving in 

vehicles, lifting or carrying loads, trunk flexion (>20°), trunk rotation and/or lateroflexion, 

and elevation of one or both arms (>60°) were assessed by observation at the workplace and 

considered to be potential confounders. The working postures were quantified as the daily 

time spent in these postures excluding the time spent to pushing, pulling, and lifting. For 

analyses, these variables were dichotomised into low and high exposed. Again, cut-off points 
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were chosen based on contrast in exposure. Gender, age, level of education (as indicator of 

socio-economic status), and years of employment were individually assessed using the 

baseline questionnaire. In addition, the psychosocial factors decision authority, skill 

discretion, psychosocial work demands, co-worker support, and supervisor support were 

assessed using the Questionnaire on Perception and Judgement of Work 2S1. The individual's 

exposure to the psychosocial factors was dichotomised to low and high exposed using the 

population's median level as cut-off point. 

Table 1. Number of respondents (male and female) at both baseline and one-year follow-up of 
the questionnaire survey, mean age in years (standard deviation), mean years of 
employment in current job (standard deviation), and the mean number of working 
hours (standard deviation) presented for the three exposure groups of self reported 
exposure to pushing/pulling and observed frequency and duration of pushing/pulling. 

Men 
(N) 

Women 
(N) 

Years of age (SD) Years of 
employment in 

current job (SD) 

Working hours per 
week (SD) 

Self reported exposure 
Reference group 
Medium exposed group 
High exposed group 

64 
91 

102 

76 
106 
11 

41.6(8.8) 
39.3 (9.3) 
41.3(8.8) 

11.9(6.9) 
9.6 (6.7) 

13.9(8.0) 

34(10) 
33(11) 
38 (3) 

Observed frequency 
Reference group 
Medium exposed group 
High exposed group 

64 
46 

147 

76 
109 

8 

41.6(8.8) 
40.1 (9.2) 
40.0(9.1) 

11.9(6.9) 
11.2(7.1) 
11.2(7.8) 

34(10) 
31(9) 
38(9) 

Observed duration 
Reference group 
Medium exposed group 
High exposed group 

64 
70 

123 

76 
100 
17 

41.6(8.8) 
39.7 (9.3) 
40.5 (9.0) 

11.9(6.9) 
10.1 (6.6) 
12.5(8.2) 

34(10) 
34(10) 
36(8) 

Assessment of dependent variables 

At baseline and at follow-up participants were requested to complete a Dutch translation of 

the Standardised Nordic Questionnaire 142. The 12-month prevalence of low back and 

shoulder complaints reported at follow-up were used as dependent variables in the analyses. 

Analyses and statistics 

Prevalence rate ratios (PRs) and corresponding 95% confidence intervals (CIs) were 

calculated using Cox's proportional hazards regression analysis with a constant risk period to 

study the relation between pushing/pulling and the 12-month prevalence of low back and 

shoulder complaints at follow-up. Crude PRs between the groups that were medium and high 
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vposed to pushing/pulling and the reference group were calculated for the self-reported 

cKposure and the observed frequency and duration of pushing/pulling. 

Using multivariate analyses PRs were adjusted for confounding and effect modification. 

"o prevent collinearity, correlation coefficients between the independent variables were 

calculated. Working behind a display was highly (negatively) correlated with all exposure 

ieasures of pushing/pulling with absolute correlation coefficients above 0.8. Driving in 

..hides was highly (positively) correlated with the observed frequency of pushing/pulling. 

These variables were subsequently omitted from the epidemiological models. Each of the 

maining independent variables was screened separately for confounding. PRs were a priori 

.[justed for gender and age. If the PR for pushing/pulling, adjusted for gender and age, 

e ïanged more than 10%, the included variable was identified as a confounder and included in 

the multivariate model. Only carrying loads and educational level appeared to affect the PRs 

low back complaints and shoulder complaints, respectively. 

The 12-month prevalences of low back and shoulder complaints reported at baseline 

re also examined for confounding and effect modification. For all measures of exposure, 

omplaints reported at baseline affected the PRs for complaints reported at follow-up. 

iiteraction between complaints reported at baseline and exposure to pushing/pulling was 

parately examined for effect modification and was significant in all analyses with shoulder 

c omplaints. Therefore, it was decided to include complaints reported at baseline as well as the 

teraction with exposure to pushing/pulling in the multivariate model, for both low back and 

loulder complaints, to estimate the contribution of exposure to pushing/pulling to complaints 

ported at follow-up controlled for complaints reported at baseline. 

All statistical analyses were performed with version 9.0.0 of the SPSS statistical 

ackage and a significance level of 5% was used. 
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Results 

Non-response analysis 

Of the 459 participants who returned the follow-up questionnaire eleven participants retired or 

became unemployed. Multivariate non-response analyses were used to identify factors 

associated to losses to follow-up 49. Generally, female participants and participants who were 

employed for a longer period of time were more likely to respond. The 12-month prevalences 

at baseline of both low back and shoulder complaints were not associated to losses to follow-

up. 

Table 2. Results of the observations of workers at their workplace in terms of the mean and 
range of frequency (times per day) and duration (seconds per day) of pushing/pulling, 
presented for the reference, medium exposed, and high exposed groups. 

Mean observed frequency (range) Mean observed duration (range) 
(times per day) (seconds per day)  

Reference group 16(0-44) 129(0-310) 
Medium exposed group 135 (88-234) 1344(783-2599) 
High exposed group 743(513-982) 4151 (3520-5098) 

Observed exposure to pushing/pulling 

Table 2 presents the mean and range for the observed frequency (times per day) and duration 

(seconds per day) of pushing/pulling, categorised into three exposure groups. Highest values 

of frequency, up to an average of 1000 pushing/pulling actions per day, were observed for the 

refuse collectors and workers of the postal distribution centre. Workers of the postal 

distribution centre and the rail catering company were pushing and pulling for the largest part 

of the working day (about 20%). 

Pushing/pulling in relation to low back complaints 

Figure 1 visualises the 12-month prevalence of low back complaints at baseline (TO) and at 

follow-up (Tl). The reference group consisted of the same companies for all exposure 

definitions, for which a lower prevalence of low back complaints at follow-up compared with 

baseline was observed. Remarkably, for the observed frequency as well as duration, the 

highest prevalences were found for the medium exposed groups. 

Table 3 presents crude and adjusted PRs for the 12-month prevalence of low back 

complaints at follow-up. Only for the medium exposed group of the observed frequency a 

significantly increased crude PR was found (PR 1.39, 95% CI: 1.00-1.94). For the observed 
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duration of pushing/pulling, the medium exposed group had a marginally significant crude PR 

(PR 1.36, 9 5 % CI: 0.98-1.89). All adjusted PRs for low back complaints at follow-up were 

not significantly increased. Of the confounding factors, the twelve month prevalence of low 

back complaints at baseline had a significantly increased PR for low back complaints at 

follow-up of nearly four for all definitions of exposure. 

100 

75 

50 

25 

Prevalence rate low back complaints (%) 

Self reported 
exposure 

Observed 
frequency 

TO Tl 
TO Tl 

- • - reference 

—•— medium exposed 
- A-high exposed 

TO Tl 
TO Tl TO Tl 

TO Tl 

: > * • — - - - A 
A - " - - - * 

Observed 
duration 

igure 1. Prevalence rate of low back complaints by definition of exposure and exposure 
categories. Prevalences are presented at baseline (TO) and at one year follow-up (Tl) . 
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Figure 2. Prevalence rate of shoulder complaints by definition of exposure and exposure 
categories. Prevalences are presented at baseline (TO) and at one year follow-up (Tl) . 
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Pushing/pulling in relation to shoulder complaints 

The 12-month prevalences of shoulder complaints at baseline and at follow-up are presentee 

in figure 2. Again, the reference group showed a lower prevalence at follow-up compared 

with baseline. For the self-reported exposure, the highest prevalences were found for the higi 

exposed group. However, as was also observed for low back complaints, the medium exposed 

groups showed the highest prevalences, again for the observed frequency as well as duration 

This trend is continued in table 4. 

Table 3. Relation between low back complaints and exposure to pushing/pulling. Adjusted 
prevalence rate ratios (and 95% confidence intervals) are presented. Confounding 
factors and effect modifiers with corresponding prevalence rate ratios are presented 
when included into the regression model. Gender and age were a priori forced into the 
model. 

Crude prevalence rate ratios 
Reference group 
Medium exposed group 
High exposed group 

Adjusted prevalence rate ratios 
Reference group 
Medium exposed group 
High exposed group 

Confounding factors 
Gender 

Men 
Women 

Age 
Carrying loads 

Low exposed group 
High exposed group 

Low back complaints at baseline 
No low back complaints 
Low back complaints 

Effect modification 

Exposure x low back complaints at baseline 
Medium exposed x low back complaints 
High exposed x low back complaints 

Self-reported 
exposure 

Observed 
frequency 

Observed 
duration 

1-00 1.00 1.00 
1.22(0.88-1.68) 1.39(1.00-1.94) 1.36(0.98-1.89) 
1.29(0.90-1.84) 1.10(0.78-1.55) 1.10(0.77-1.57) 

L00 1.00 1.00 
1.53(0.76-3.09) 1.72(0.81-3.62) 1.23(0.57-2.63) 
1.74(0.82-3.70) 1.52(0.74-3.08) 1.97(0.97-3.98) 

1-00 1.00 1.00 
1.02(0.75-1.38) 0.93(0.66-1.29) 1.02(0.75-137) 
0.99(0.98-1.01) 0.99(0.98-1.01) 0.99(0.98-1.01) 

1-00 1.00 1.00 
1.26(0.86-1.85) 1.34(0.92-1.97) 1.26(0.88-1.81) 

LOO 1.00 1.00 
3.85 (2.04-7.28) 3.86 (2.04-7.30) 3.85 (2.03-7.28) 

0.81(0.37-1.78) 0.79(0.34-1.80) 1.06(0.46-2 47) 
0.70(0.30-1.63) 0.72(0.32-1.61) 0.55(0.25-1.25) 

Crude PRs for shoulder complaints were significantly increased for the self-reported exposure 

in the high exposed group and for the observed frequency as well as for duration in the 
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medium exposed groups (table 4). The adjusted PRs were significantly increased for both 

medium and high exposed groups with respect to the self-reported exposure to 

; shing/pulling, with PRs of 2.90 and 4.86 respectively. For the observed frequency, only the 

dium exposed group had a significantly increased PR (PR 3.95, 95% CI: 1.56-9.96). For 

the observed duration, both medium and high exposed groups had a significantly increased 

justed PR. The PR for the medium exposed group was 3.33 (95% CI: 1.32-8.36) and for the 

:h exposed group 2.67 (95% CI: 1.01-7.07). Furthermore, the effect of including shoulder 

nplaints at baseline in the multivariate model was substantial. Both confounding and effect 

i odification appeared to be present. 

ible 4. Relation between shoulder complaints and exposure to pushing/pulling. Adjusted 
prevalence rate ratios (and 95% confidence intervals) are presented. Confounding 
factors and effect modifiers with corresponding prevalence rate ratios are presented 
when included into the regression model. Gender and age were a priori forced into the 
model. 

Self-reported 
exposure 

Observed 
frequency 

Observed 
duration 

ude prevalence rate ratios 
Reference group 

edium exposed group 
igb exposed group 

1.00 1.00 1.00 
1.40(0.90-2.17) 2.05(1.33-3.16) 1.89(1.23-2.91) 
2.20(1.41-3.45) 1.36(0.85-2.15) 1.47(0.92-2.33) 

'justedprevalence rate ratios 
: eference group 

edium exposed group 
ligh exposed group 

1.00 1.00 1.00 
2.90(1.17-7.16) 3.95(1.56-9.96) 3.33(1.32-8.36) 
4.86(1.85-12.79) 2.18(0.82-5.79) 2.67(1.01-7.07) 

mfo unding factors 
ender 

Men 
Women 

ge 
ducation 

High 
Low 

houlder complaints at baseline 
No shoulder complaints 
Shoulder complaints 

1.00 
1.26(0.85-1.89) 
1.00(0.98-1.02) 

1.00 
10.79(4.39-26.55) 

1.00 
0.92(0.60-1.41) 
1.00(0.98-1.02) 

1.00 
1.21 (0.83-1.77) 

1.00 
1.05(0.71-1.55) 
1.00(0.98-1.02) 

1.00 
1.16(0.80-1.68) 

1.00 1.00 
11.38 (4.61 -28.08) 11.04 (4.48-27.22) 

Effect modification 
xposure 
shoulder complaints at baseline 
Medium exposed 
x shoulder complaints 
High exposed 
x shoulder complaints  

0.31(0.11-0.89) 0.26(0.09-0.75) 0.30(0.11-0.87) 

0.26(0.09-0.77) 0.37(0.13-1.10) 0.35(0.12-1.04) 
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Discussion 

The objective of the present longitudinal study was to examine the relations of subjectively 
and objectively assessed exposure to pushing/pulling with low back and shoulder complaints 
at one year follow-up. Significant PRs for exposure to pushing/pulling in relation to low bad 
complaints were not found. However, pushing/pulling appeared to be significantly related tc 
shoulder complaints. 

To the author's knowledge, the relation between pushing/pulling and musculoskeletal 

complaints has not been explored longitudinally. Significant associations reported in cross-

sectional studies mainly pointed to the low back region to be at risk 39-11-7^\ Thj s could only 

tentatively be confirmed by the present study. Hughes et al. 113 found no association with low 

back complaints, but demonstrated an association with shoulder complaints in an univariate 

analysis. Van der Beek et al. 233 reported a significant odds ratio for shoulder complaints ol 

2.0 (90% CI: 1.1-3.7) for truck drivers who frequently pushed and pulled wheeled cages 

compared with truck drivers who performed hardly any loading/unloading activities. PRs 

found m the present study were substantially higher. The characteristics of the population 

under study may in part explain differences in results. A relatively large contrast in exposure 

to pushing/pulling between exposure and reference groups was obtained by selection of 

companies and workers (table 2). This might have revealed the specific risk of 

pushing/pulling, also because significant other risk factors for low back and shoulder 

complaints, such as lifting and carrying, were rarely present or even absent. Furthermore, 

working behind a display appeared to be highly correlated to exposure, i.e. workers who 

push/pull do not work behind displays. A potential confounding effect could, therefore, not be 

eliminated in the analyses. As a result, PRs for shoulder complaints could even be 

underestimated considering the fact that the prevalence of shoulder complaints might be 

relatively increased in the reference group because of working behind displays 246. 

Furthermore, workers who have developed complaints might have been relocated from jobs 

that are physically demanding to jobs without any physical activities. Hence, the reference 

population might have been relatively unhealthy. Furthermore, the reference group showed 

somewhat lower prevalences at follow-up compared with baseline for both low back and 

shoulder complaints. This may be the result of a tendency to overreport complaints in an 

earlier stage in the first questionnaire and/or an unmotivated completion of the second 

questionnaire (test effect). It is expected that this would not affect the PRs because this type of 

bias can be considered non-differential. Considering the present attention for the design of 

work environments, another explanation might be that ergonomie interventions by companies 

have proved to be effective. Unfortunately, none of these hypotheses can be confirmed by the 

results of the questionnaire survey. 
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election of the study population was further studied by non-response analyses. 

Unfortunately, characteristics of workers who did not respond to the first questionnaire could 

not be retrieved and might have biased the selection of the population. At follow-up, workers 

who did not respond were not substantially different from the respondents. The 12-month 

prevalences of both low back and shoulder complaints were not associated with losses to 

I , I low-up. However, the study population can be considered relatively old (about 40 years on 

average) and workers who are employed for a longer period of time were more likely to 

respond at follow-up. Furthermore, for both the observed frequency and duration of 

; jshing/pulling, figures 1 and 2 show the highest prevalences of low back and shoulder 

implaints for the medium exposed groups. In addition, the highest PRs for shoulder 

smplaints (table 4) were observed in the medium exposed groups. An explanation for these 

suits might be found in a healthy worker selection effect (HWE) 29'151. Punnett '94 suggested 

to be the most likely cause of bias in estimating the risk for musculoskeletal complaints and 

•included that the HWE acted differentially between high and low exposed groups. Before 

start of the present study, the (objectively) high exposed group might have become 

datively healthy and less susceptible to the development of musculoskeletal complaints, 

aused by either selection at start of employment or drop-out of workers susceptible to 

omplaints in the course of the early years of employment58. The selection might have been 

less pronounced in the medium exposed group, which has remained susceptible to complaints. 

, a result, relatively higher prevalences and PRs can be observed in the medium exposed 

roups compared with the high exposed groups. Furthermore, the HWE is suggested to be 

fluenced by gender and socioeconomic status 29145151. in the present study, an 

overrepresentation of women (nursing home) in the medium exposed group is observed and 

ievel of education was identified as confounder. Both could also have affected the relative 

health status of the study population at the start of the study and might have attributed to not 

tnding an exposure-response relationship between the observed frequency and duration of 

aishing/pulling and shoulder complaints. 

Exposure was assessed both subjectively and objectively. To obtain relatively unbiased 

estimates of risk a group-based exposure assessment strategy was used . Each individual 

vithin each of the exposed or reference groups within each company was assumed to be 

equally exposed. These subgroups were categorised into three exposure groups. The group 

strategy reduces precision, but misclassification of exposure and, therefore, attenuation of the 

risk ratio is usually prevented 205-272. However, differences in results found between analyses 

using self-reported exposure and objectively observed exposure are striking. For the self-

reported exposure and shoulder complaints a clear dose-response relationship was observed. 

But, as already stated, for the observed frequency and duration of pushing/pulling the medium 

exposed groups were found to have the highest PRs for shoulder complaints. The validity and 
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reliability of on-site observation is expected to be sufficient. Observers were intensively 

trained beforehand and the frequency and duration of activities was found to be quantifiable 

with a reasonable level of accuracy 126-239. Therefore, in the present study, some groups ol 

workers that are objectively high exposed classify themselves as subjectively medium 

exposed and some groups of workers that are objectively medium exposed classify 

themselves as subjectively high exposed. For the objective exposure measures it is expected 

that by application of grouping variables and the methods used for exposure assessment the 

misclassification remains non-differential. If the objectively assessed exposure is considered 

to be the actual exposure, than the classification methods used for the self-reported exposure 

are differentially biased. Some authors have stated that subjects with back pain maj 

overestimate their physical work load relative to those without back pain 22106, although 

evidence for this type of information bias is not available 227. The results of the present study 

could point to a comparable situation. However, the biased categorisation was more 

pronounced for shoulder complaints compared with low back complaints. This strengthens the 

notion that pushing/pulling is related to shoulder complaints and to a much lesser extent - or 

not - to low back complaints. 

Besides the assessment of exposure, also the assessment of complaints should be 

considered when interpreting results. Basically, in two succeeding surveys participants had to 

recall the occurrence of experiencing complaints in the past year. Reported prevalences might 

therefore be inaccurate, but it is expected that this will lead to an underestimation of PRs 4. 

Furthermore, given the episodic characteristics of musculoskeletal complaints it was decided 

not to restrict analyses to participants without complaints at baseline but to adjust for the 12-

month prevalence at baseline. All participants that had responded at both baseline and follow-

up were included, thereby preventing a selection of participants who were less susceptible of 

developing complaints. It may be seriously argued whether musculoskeletal complaints 

reported by participants without prior complaints at baseline can be considered new events 

(incidence)69 m. In this perspective, it may not be appropriate to estimate a risk ratio in terms 

of relative risk. Therefore, adjusted PRs were calculated using Cox's regression analyses, also 

because calculating odds ratios by logistic regression is questionable when the prevalence of 

complaints is relatively high 179'206'224. It should be noted, however, that confidence intervals 

estimated by Cox's regression are expected to be too wide 206. 

In all analyses effect modification by the 12-month prevalence at baseline and exposure 

to pushing/pulling was found to be significant and, therefore, included in the multivariate 

model. The significantly protective PRs for effect modification (table 4) affect the PRs of both 

exposure to pushing/pulling and shoulder complaints reported at baseline. If shoulder 

complaints are present at baseline the presented PRs for exposure to pushing/pulling change 

to values between 0.81 and 1.28. The PRs for shoulder complaints at baseline change to 
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values between 2.83 and 4.22, dependent on exposure categories. The presented PRs for 

, posure to pushing/pulling are, therefore, controlled for confounding and effect modification 

and should represent the actual independent contribution of pushing/pulling. 

In conclusion, findings of the present study suggest a rather strong relationship between 

I ashing/pulling and shoulder complaints. The evidence for a relationship between 

! ishing/pulling and low back complaints is limited, partly because conservative regression 

analyses were used. Given the episodic nature of musculoskeletal complaints and the 

latively short follow-up period it is difficult to establish the causality of the relation. Results 

i the present study suggest that the risk of pushing/pulling should be further studied among 

latively young and newly contracted workers. Periods with and without complaints should 

• registered in course of the follow-up, while at the same time the exposure is monitored, as 

i suggested by Eisen 69 and Riihimäki 20°. Finally, to apply effective ergonomie interventions 

th respect to pushing/pulling at work more epidemiological information is needed of the 

c -nsequences of aspects of pushing/pulling, e.g. handle height and cart weight ' . 
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Chapter 5 

Introduction 

In paragraphs 5.1 and 5.2 the exposure to pushing and pulling was epidemiologically studied 

in relation to low back and shoulder complaints. Pushing and pulling were combined into one 

exposure measure and it was concluded that pushing/pulling was significantly related to 

shoulder complaints and not to low back complaints. To prevent the development of 

musculoskeletal complaints related to pushing and pulling at work, pushing and pulling tasks 

should be designed such that workers are enabled to work at a minimum health risk, in the 

short and long term. However, detailed ergonomie recommendations concerning the design of 

pushing and pulling tasks could not be deduced from the results presented in paragraphs 5.1 

and 5.2. The direction of the exerted forces (pushing or pulling), one or two handed pushing 

or pulling, cart weight, and handle height were, amongst others, identified as potential risk 

factors of pushing and pulling in relation to low back and shoulder complaints (see chapter 2). 

These potential risk factors were already biomechanically analysed in chapter 4. However, an 

epidemiological study focussing on these risk factors of pushing and pulling may reveal new 

additional information. Results of biomechanics, psychophysical, and physiological studies 

on pushing and pulling (see chapters 2 and 4) could thus be epidemiologlcally challenged, 

confirmed or supplemented, analogous to the scientific foundation of the NIOSH lifting 

equation '7 265. In addition to paragraphs 5.1 and 5.2, this epilogue describes the exposure to 

pushing/pulling in more detail in terms of pushing or pulling, number of hands used, handle 

height, and level of exerted forces. Furthermore, it was explored whether the separate 

elements of pushing and pulling could be distinguished as to the risk for low back and 

shoulder complaints. For instance, is pulling associated with a higher risk for low back or 

shoulder complaints compared to pushing and is it more favourable to exert forces at shoulder 

height or at hip height? 

Study population 

The study population consisted of m total nine occupational groups of workers who regularly 

performed pushing or pulling activities (table 1). For each of these occupational groups the 

exposure to pushing and pulling was assessed and within each occupational group workers 

were invited to complete a questionnaire twice, with a follow-up of one year (see paragraphs 

5.1 and 5.2). Table 1 presents the number of participants that completed the questionnaire at 

both baseline and follow-up. For one of the flower auctions two departments participated. 

Furthermore, participants of the postal distribution centre changed to two new workplaces in 

course of the follow-up period. Consequently, the change m exposure to pushing and pulling 

had to be assessed for both new workplaces. 
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.. able 1. Occupational groups (n=9) that participated and the number of participants of each 
occupational group that responded to the questionnaire survey at both baseline and 
follow-up. 

Number of 
occupational groups 

ul catering company 1 51 
1 ôwer auction 1 2 30 

i sing home 1 109 
; .stal distribution centre 3 34 

ower auction 2 1 51 
R efuse collection companies 1 41 

votal 9 316 

ssessment of exposure 

addition to the methods already described in paragraph 5.2, the systematic observation of 

. orkers at the workplace with TRAC (Task Recording and Analysis on Computer) 76 was 

?ed to assess the absolute frequency and duration of pushing and pulling and the number of 

ands used during pushing or pulling. Furthermore, the relative frequency of pushing and 

f filing at hip and shoulder height was observed. The participating workers were followed by 

iO observers at their workplace. Pushing, pulling, and the number of hands used were 

»erved real-time (continuously) by one of the observers and handling objects at hip or 

oulder height was recorded every 15 seconds by the other observer. 

To obtain indicative estimates of the exerted push and pull force at the workplace, the 

ost frequent pushing and pulling activities derived from systematic observation were 

i.mulated at the workplace for each company. At least two participants at each workplace had 

o perform these activities repeatedly with the handled object, mostly wheeled cages, loaded 

vith the average weight observed at the workplace. Exerted push and pull forces were 

ontinuously assessed using a 3D measuring frame (described in detail in chapter 3.3) or two 

3D force transducers (SRMC3A series, Advanced Mechanical Technology, Inc. USA). 

\verage initial and sustained resultant forces were calculated. Because of difficulties in 

oplication of the measurement devices in patient handling activities, the measurements at the 

ursing home were supplemented with results found in literature ' ' . 

'Jsk factors of pushing and pulling 

i.arge differences in exposure to pushing and pulling were observed between the occupational 

groups (table 2). Pushing and pulling were quantified in terms of frequency (times per day) en 

Juration (seconds per day). On average, pulling was more common in the study population 

.ompared to pushing (frequency). However, the average duration was longer for pushing than 
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for pulling, which means that, on average, wheeled objects were pushed over larger distances 

than pulled. In comparison with pushing with both hands, pushing with one hand is not ; 

frequent activity. Pulling, however, is more often performed with one hand. Pushing at hip o 

shoulder height are almost equally frequent activities and also for pulling relatively small 

differences were observed between handling loads at shoulder height and at hip height. 

Table 2. Mean, standard deviation (SD) and range of pushing, pulling, and risk factors relatée' 
to pushing and pulling for the occupational groups (n=9) of the study population tha< 
were exposed to pushing and pulling. 

Mean 
Pushin 
SD 

g 
Range Mean 

Pulling 
SD Range 

Duration (seconds per day) 
Total 
One hand 
Both hands 

1514 
197 

1316 

1252 
110 

1207 

280-4360 
38-328 

201-4129 

1793 
1035 
795 

1010 
793 
792 

226-2846 
71-2406 
53-2103 

Frequency (times per day) 
Total 
One hand 
Both hands 
At hip height 
At shoulder height 

228 
47 

181 
114 
113 

143 
42 

115 
134 
112 

56-446 
6-143 

39-318 
8-446 
0-278 

356 
241 
116 
133 
222 

204 
204 
105 
159 
178 

31-620 
10-546 
21-305 
26-536 
0-438 
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Figure 1. Frequency (times per day) (left figure) and duration (seconds per day) (right figure) of 
pushing against pulling. Each dot represents one of the occupational groups exposed. 
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To explore whether pushing or pulling is accompanied with a higher risk for musculoskeletal 

jmplaints it is necessary to identify occupational groups that only push or only pull for most 

of the time. To this end, equal cut-off points between high and low exposure groups were 

itermined for pushing as well as pulling. This resulted in selection of groups that were 

I ighly exposed to pushing as well as pulling, to pushing only, to pulling only, or not exposed 

at all. Cut-off points were determined based on an optimal selection of groups, i.e. as much 

roups as possible had to be part of contrasting exposure categories (only pushing or only 

I iulling). However, care was taken not to select groups that were (almost) equally exposed to 

ushing and pulling. Figure 1 shows that in most occupational groups pushing and pulling 

/ere almost equally frequent activities. For the cut-off point visualised in figure 1 (175 times 

•er day and 1000 seconds per day for the frequency and duration, respectively) only one 

occupational group could be identified as highly exposed to pushing, while three occupational 

roups were highly exposed to pulling only. It was hypothesised that the development of 

musculoskeletal complaints should significantly differ for groups that were highly exposed to 

lushing compared to groups that were highly exposed to pulling. However, in explorative 

nultivariate Cox's regression analyses the statistical power appeared to be too low, because 

of low numbers of workers in contrasting exposure categories. Therefore, it could not be 

ietermined whether pushing or pulling was accompanied with the higher risk for 

nusculoskeletal complaints. A lack of statistical power was also observed when, in a similar 

way, comparing the use of one hand with the use of both hands and when comparing handling 

at hip height with handling at shoulder height. 

Exerted forces 

In accordance with Snook , the initial forces, required to accelerate the object, and the 

sustained forces, to keep the object at a more or less constant velocity, were determined for 

each occupational group. Occupational groups were again classified into low and high 

exposure groups with respect to exerted forces according to the guidelines for manual 

materials handling . These guidelines present maximum acceptable initial and sustained 

forces, depending on the daily frequency of activities, handle height, distance of 

displacement, and gender. 
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Initial forces for pulling with both hands 
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Figure 2. Indicative initial and sustained exerted forces for the occupational groups under study 
(dots) in relation to corresponding maximum acceptable forces based on Mitai et al. I69 

(dotted lines with triangles represent maximum acceptable forces for men and dashed 
lines with diamonds represent maximum acceptable forces for women). 

Based on the data presented in table 1, maximum acceptable forces for the 90th percentile of 

the working population were determined for a handle height of 1.44 m and a distance of 7.6 

m. Figure 2 presents the indicative mean exerted forces for the different occupational groups 

in relation to the maximum acceptable forces for both men and women as presented by Mital 

et al. l 9. In particular for pulling the initial forces in the study population, generally, were 

higher than the maximum acceptable forces. However, sustained forces were generally lower 

than the maximum acceptable forces. For the initial and sustained exerted forces the 

classification again did not result in sufficient workers in the low and high exposure 

categories to allow statistical analysis. 

Discussion 

Pushing and pulling activities, when combined into one exposure measure, were found to be 

related to shoulder complaints (paragraphs 5.1 and 5.2). For more detailed preventive 

ergonomie recommendations the risk for complaints of the separate tasks elements of pushing 

and pulling has to be known. To tins end, a population of workers that regularly pushed or 
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pulled at work was intensively observed at the workplace to assess detailed characteristics 

(duration, frequency, intensity) of pushing and pulling tasks. The large range in frequency and 

duration of the various pushing and pulling tasks indicates that the study population is 

heterogeneous in exposure. However, it was found that often one variation of push/pull tasks 

did not present itself without the complementary other. For instance, pushing appeared to be 

equally common to pulling in most occupational groups. This finding may have been the 

result of workplace designs. If an object has to be pulled away from one place, it often has to 

be pushed to another. Otherwise, some pushing or pulling activities, such as pushing with one 

hand, rarely occurred among the study population. The relative absence of one handed 

pushing is likely to be caused by the difficulties in steering wheeled objects when pushing 

with one hand. The lack of contrast in relevant exposure groups as to pushing and pulling 

activities among the study population, hampered the epidemiological study of the risk factors 

of pushing and pulling in relation to musculoskeletal complaints. Classification into exposure 

categories resulted in low numbers of workers, or no workers at all, in one of the two 

contrasting exposure categories, leading to a lack of statistical power. 

It appeared not to be possible to study the risk of the separate tasks elements of pushing 

and pulling from an epidemiological point of view. This finding may be caused by the 

characteristics of the study population. The present epidemiological study was specifically 

aimed at pushing and pulling at work and companies were selected for participation if 

pushing/pulling were common activities and if other potential risk factors, such as lifting and 

carrying, were not performed or only to a limited extent. Such companies were difficult to 

find. The findings of this paragraph indicate that if aspects of pushing and pulling are to be 

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

The question remains whether such companies with contrast in aspects of pushing and pulling 

exist, considering the findings of the present study. Moreover, such epidemiological studies 

still need control for the confounding effect of other potential risk factors for musculoskeletal 

complaints, such as lifting, whole body vibration, sitting, and psychosocial factors, which also 

affect statistical power in analyses. As observational study designs may not be suitable to 

study the specific aspects of pushing and pulling tasks, these aspects might be explored using 

experimental study designs. Psychophysical and biomechanical studies of pushing and pulling 

tasks under standardised conditions may help discern hazardous task aspects. It is stressed, 

however, that these approaches are not epidemiologically validated for musculoskeletal 

complaints. In addition, the effectiveness of practical recommendations for specific task 

aspects derived from psychophysical and biomechanical studies in relation to musculoskeletal 

complaints may be explored using experimental study designs based on intervention at the 

workplace, preferably randomised controlled trials. 
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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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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. 

178 







References 



References 

1 Abel EW, Frank TG. The design of attended propelled wheelchairs. Prosthetics and Orthotic 
International 1991; 15(l):38-45. 

2 Al-Eisawi KW, Kerk CJ, Congleton JJ, Amendola AA, Jenkins OC, Gaines W. Factors affecting 

minimum push and pull forces of manual carts. Appl Ergon 1999; 30:235-245. 

3 Al-Eisawi KW, Kerk CJ, Congleton JJ, Amendola AA, Jenkins OC, Gaines W. The effect oi 
handle height and cart load on the initial hand forces in cart pushing and pulling Ergonomics 
1999; 42(8):1099-1113. 

4 Altman DG Practical statistics for medical research. First edition London: Chapman and Hall 
1991. 

5 Anderson JAD. Shoulder pain and tension neck and their relation to work. Scand J Work 
Environ Health 1984; 10:435-442. 

6 Andres RO, Chaffin DB. Validation of a biodynamic model of pushing and pulling. J 
Biomechanics 1991; 24(11): 1033-1045. 

7 Andrews DM, Norman RW, Wells RP, Neumann P. The accuracy of self-report and trained 
observer methods for obtaining estimates of peak load information during industrial work, hit j 
Ind Ergon 1997; 19:445-455. 

8 Armstrong TJ, Buckle PW, Fine LJ, Hagberg M, Jonsson B, Kilbom A et al. A conceptual 
model for work-related neck and upper limb musculoskeletal disorders. Scand J Work Environ 
Health 1993; 19:73-84. 

9 Ayoub MM. Problems and solutions m manual materials handling: the state of the art. 
Ergonomics 1992; 35(7/8):713-728. 

10 Ayoub MM, McDamel JW. Effects of operator stance on pushing and pulling tasks. AUE 
Transactions 1974; 6(3): 185-195. 

11 Astrand P-O, Rodahl K. Textbook of work physiology: Physiological bases of exercise. Third 
edition. Singapore: McGraw-Hill, 1986. 

12 Baril-Gingras G, Lortie M. The handling of objects other than boxes: univariate analysis of 

handling techniques in a large transport company. Ergonomics 1995; 38(5):905-925. 

13 Bernard BP. Musculoskeletal disorders and workplace factors: a critical review of 

epidemiological evidence for work-related musculoskeletal disorders of the neck, upper 

extremity, and low back. Report nr 97-141. Cincinnati: National Institute for Occupational 

Safety and Health, US Department of Health and Human Services (DHHS), 1997. 

14 Bernard TE, Joseph BS. Estimation of metabolic rate using qualitative job descriptors. Am Ind 

HygAssocJ 1994; 55(11): 1021-1029. 

15 Bjelle A, Hagberg M, Michaelson G Occupational and individual factors m acute shoulder-neck 
disorders among industrial workers. Brit J Ind Med 1981; 38:356-363. 

16 Bombardier C, Kerr M, Shannon HS, Frank JW. A guide to interpreting epidemiologic studies 

on the etiology of back pain. Spine 1994; 19(18S):2047S-2056S. 

17 Bongers PM, De Winter CR, Kompier MAJ, Hildebrandt VH. Psychosocial factors at work and 

musculoskeletal disease. Scand J Work Environ Health 1993; 19:297-312. 

182 



? 

. . References 

18 Bovenzi M, Hulshof CTJ. An updated review of epidemiologic studies on the relationship 

between exposure to whole-body vibration and low back pain (1986-1997). Int Arch Occup 

Environ Health 1999; 72(6):351-365. 

19 Briggs AH, Wonderling DE, Mooney CZ. Pulling cost-effectiveness analysis up by its 
bootstraps: a non-parametric approach to confidence interval estimation. Health Economics 
1997;6:327-340. 

20 Brinckmann P, Johannleweling N, Hilweg D, Biggemann M. Fatigue fracture of human lumbar 
vertebrae. Clin Biomech 1987; 2(2):94-96. 

21 Burdorf A. Reducing random measurement error in assessing postural load on the back in 

epidemiologic surveys. Scand J Work Environ Health 1995; 21 : 15-23. 

22 Burdorf A, Sorock GS. Positive and negative evidence of risk factors for back disorders. Scand J 
Work Environ Health 1997; 23:243-256. 

23 Burdorf A, Sorock GS, Herrick RF, Courtney TK. Advancing epidemiologic studies of 

occupational injury - approaches and future directions. Am J Ind Med 1997; 32(2): 180-183. 

24 Burdorf A, Van Riel M. Design of strategies to assess lumbar posture during work. Int J Ind 
Ergon 1996; 18:239-249. 

5 Chaffin DB. Manual materials handling and the biomechanical basis for prevention of low back 

pain in industry - an overview. Am Ind Hyg Assoc J 1987; 48(12):989-996. 

26 Chaffin DB. A biomechanical strength model for use in industry. Applied Industrial Hygiene 
1988;3(3):79-86. 

27 Chaffin DB, Andersson GBJ. Occupational biomechanics. Second edition. New York: John 
Wiley and Sons, Inc., 1991. 

28 Chaffin DB, Andres RO, Garg A. Volitional postures during maximal push/pull exertions in the 
sagittal plane. Human Factors 1983; 25(5):541-550. 

29 Choi BCK. Definition, sources, magnitude, effect modifiers, and strategies of reduction of the 
healthy worker effect. J Occup Med 1992; 34(10):979-988. 

30 Ciriello VM, McCorry RW, Martin SE, Bezverkhny IB. Maximum acceptable forces of dynamic 

pushing: comparison of two techniques. Ergonomics 1999; 42(l):32-39. 

31 Ciriello VM, McGorry RW, Martin SE. Maximum acceptable horizontal and vertical forces of 

dynamic pushing on high and low coefficient of friction floors. Int J Ind Ergon 2001; 27:1-8. 

32 Ciriello VM, Snook SH. A study of size, distance, height, and frequency effects on manual 

handling tasks. Human Factors 1983; 25(5):473-483. 

33 Ciriello VM, Snook SH. Survey of manual handling tasks. Int J Ind Ergon 1999; 23:149-156. 

34 Ciriello VM, Snook SH, Blick AC, Wilkinson PL. The effects of task duration on 
psychophysically-determined maximum acceptable weights and forces. Ergonomics 1990; 
33(2): 187-200. 

35 Ciriello VM, Snook SH, Hughes GJ. Further studies of psychophysical^ determined maximum 

acceptable weights and forces. Human Factors 1993; 35(1): 175-186. 

36 Clemmer DI, Mohr DL, Mercer DJ. Low-back injuries in a heavy industry I: Worker and 

workplace factors. Spine 1991; 16(7):824-830. 

183 



References 

37 Cresswell AG, Thorstensson A. Changes in intra-abdominal pressure, trunk muscle activation 

and force during isokinetic lifting and lowering. Eur J Appl Physiol 1994; 68(4):315-321. 

38 Daams BJ. Static force exertion in postures with different degrees of freedom Ergonomics 
1993; 36(4):397-406. 

39 Damkot DK, Pope MH, Lord J, Frymoyer JW. The relationship between work history, work 
environment and low-back pain in men. Spine 1984; 9(4):395-399. 

40 Damlund M, Goth S, Hasle P, Munk K. Low-back pain and early retirement among Danish 

semi-skilled construction workers. Scand J Work Environ Health 1982; 8(1): 100-104. 

41 Damlund M, Goth S, Hasle P, Munk K. Low back stram in Danish'semi-skilled construction 

work. Appl Ergon 1986; 17(1 ):31-39. 

42 Datta SR, Chatterjee BB, Roy BN. The energy cost of rickshaw pulling. Ergonomics 1978' 
21(ll):879-886. 

43 Datta SR, Chatterjee BB, Roy BN. The energy cost of pulling handcarts ('thela'). Ergonomics 
1983; 26(5):461-464. 

44 Davis PR. The use of intra-abdominal pressure in evaluating stresses on the lumbar spine Spine 
1981; 6(l):90-92. 

45 Davis PR, Stubbs DA. Safe levels of manual forces for young males I. Appl Ergon 1977' 
8(3):141-150. 

46 Davis PR, Stubbs DA. Safe levels of manual forces for young males II. Appl Ergon 1977-
8(4):219-228. 

47 Davis PR, Stubbs DA. Safe levels of manual forces for young males III. Appl Ergon 1978-
9(l):33-37. 

48 Davis PR, Troup JDG. Pressure in the trunk cavities when pushing, pulling and lifting. 
Ergonomics 1964; 7:465-474. 

49 De Graaf R, Bijl RV, Smit F, Ravelli A, Vollebergh WAM. Psychiatric and sociodemographic 

predictors of attrition m a longitudinal study: The Netherlands Mental Health Survey and 

Incidence Study (NEMESIS). Am J Epidemiol 2000; 152(11): 1039-1047. 

50 De Groot JH. The shoulder: a kinematic and dynamic analysis of motion and loading. Thesis, 

Delft University of Technology, The Netherlands, 1998. 

51 De Looze MP, Boeken-Kruger MC, Steenhuizen S, Baten CTM, Kingma I, Van Dieën JH. 
Trunk muscle activation and low back loading in lifting in the absence of load knowledge. 
Ergonomics 2000; 43(3):333-344. 

52 De Looze MP, Kingma I, Bussmann JBJ, Toussaint HM. Validation of a dynamic linked 

segment model to calculate joint moments in lifting. Clin Biomech 1992; 7:161-169. 

53 De Looze MP, Stassen ARA, Markslag AMT, Borst MJ, Wooning MM, Toussaint HM. 

Mechanical loading on the low back in three methods of refuse collecting Ergonomics 1995-

38(10):1993-2006. 

54 De Looze MP, Toussaint HM, Ensink J, Mangnus C, Van der Beek AJ. The validity of visual 
observation to assess posture in a laboratory-simulated, manual material handling task. 
Ergonomics 1994; 37(8): 1335-1343. 

184 



• . References 

55 De Looze MP, Van Greuningen K, Rebel J, Kingma I, Kuijer PPFM. Force direction and 
physical load in dynamic pushing and pulling. Ergonomics 2000; 43(3):377-390. 

56 De Looze MP, Visser B, Hout.ng I, Van Rooy MAG, Van Dieën JH, Toussaint HM. Weight and 
frequency effect on spinal loading in a bricklaying task. J Biomechanics 1996- 2901)1425-
1433. 

57 De Looze MP, Zinzen E, Caboor D, Van Roy P, Clarijs JP. Muscle strength, task performance 
and low back load in nurses. Ergonomics 1998; 41(8): 1095-1104. 

58 De Zwart BCH, Broersen JPJ, Van der Beek AJ, Frings-Dresen MHW, Van Dijk FJH. Selection 
related to musculoskeletal complaints among employees. Occup Environ Med 1997- 54-800 
806. 

59 De Zwart BCH, Fnngs-Dresen MHW, Kilbom Â. Gender deferences in upper extremity 
musculoskeletal complaints in the working population. Int Arch Occup Environ Health 2001 • 
74:21-30. 

60 De Zwart BCH, Frings-Dresen MHW, Van Dijk FJH. Physical work load and the ageing 

worker: a review of the literature. Int Arch Occup Environ Health 1995; 68:1-12. 

61 Delleman NJ, Van der Grinten MP, Hüdebrandt VH. Handmatig duwen/trekken en 

gezondheidseffecten [in Dutch]. TNO Preventie en Gezondheid, 1995. 

62 Dempsey PG, Burdorf A, Webster BS. The influence of personal variables on work-related low-

back disorders and implications for future research. J Occup Environ Med 1997; 39(8):748-759. 

63 Dempster WT. Analysis of the two-handed pulls using free body diagrams. J Appl Physiol 1958' 
13:469-480. 

64 Deyo RA, Battié MC, Beurskens AJHM, Bombardier C, Croft P, Koes BW et al. Outcome 
measures for low back pain research. Spine 2000; 23(18):2003-2013. 

65 Dionne C, Koepsell TD, Von Korff M, Deyo RA, Barlow WE, Checkoway H. Formal education 

and back-related disability. In search of an explanation. Spine 1995; 20 (24):2721-2730. 

66 Donders NCGM. Variantiebronnen in blootstelling aan handmatig duwen en trekken [in Dutch], 

Coronel Institute, Academic Medical Centre / University of Amsterdam, Report nr 96-16 1996 

67 Donders NCGM, Hoozemans MJM, Van der Beek AJ, Frings-Dresen MHW, Van der Gulden 

JWJ. Duwen en trekken van rollend materieel [in Dutch], Tijdschrift voor Ergonomie 1997-

22:102-108. 

68 Efron B, Tibshiram R. Bootstrap methods for standard errors, confidence intervals, and other 
measures of statistical accuracy. Statistical Science 1986; l(l):54-77. 

69 Eisen EA. Methodology for analyzing episodic events. Scand J Work Environ Health 1999- 25 
suppl 4:36-42. 

70 Estryn-Behar M, Kaminski M, Peigne E, Maillard MF, Pelletier A, Berthier C et al. Strenuous 
working conditions and musculoskeletal disorders among female hospital workers. Int Arch 
Occup Environ Health 1990; 62(l):47-57. 

71 Fothergill DM, Grieve DW, Pheasant ST. Human strength capabilities during one-handed 

maximum voluntary exertions in the fore and aft plane. Ergonomics 1991; 34-563-573 

72 Fothergill DM, Grieve DW, Pheasant ST. The influence of some handle designs and handle 

height on the strength of the horizontal pulling action. Ergonomics 1992; 35(2):203-212. 

185 



References 

73 Frank JW, Kerr M, Brooker A, DeMaio SE, Maetzel A, Shannon HS et al. Disability resulting 

from occupational low back pain. Part I: What do we know about primary prevention? A review 

of the scientific evidence on prevention before disability begins. Spine 1996; 21(24):2908-2917. 

74 Frmgs-Dresen MHW, Kemper HCG, Stassen ARA, Crolla IFAM, Markslag AMT. The daily 

work load of refuse collectors working with three different collecting methods: a field study. 

Ergonomics 1995; 38(10):2045-2055. 

75 Frings-Dresen MHW, Kemper HCG, Stassen ARA, Markslag AMT, De Looze MP, Toussain; 
HM. Guidelines for energetic load in three methods of refuse collecting. Ergonomics 1995 
38(10):2056-2064. 

76 Frmgs-Dresen MHW, Kuijer PPFM. The TRAC-system: an observation method for analysing 
work demands at the workplace. Safety Science 1995; 21:163-165. 

77 Frymoyer JW, Pope MH, Costanza MC, Rosen JC, Goggin JE, Wilder DG. Epidemiologic 
studies of low-back pain. Spine 1980; 5(5):419-423. 

78 Fuortes LJ, Sh, Y, Zhang M, Zwerling C, Schoolman M. Epidemiology of back injury in 
university hospital nurses from review of workers' compensation records and a case-control 
survey. J Occup Med 1994; 36:1022-1026. 

79 Gagnon M, Akre F, Chehade A, Kemp F, Lortie M. Mechanical work and energy transfers while 
turning patients in bed. Ergonomics 1987; 30(11):1515-1530. 

80 Gagnon M, Beaugrand S, Authier M. The dynamics of pushing loads onto shelves of different 
heights. Int J Ind Ergon 1992; 9:1-13. 

81 Gagnon M, Chehade A, Kemp F, Lortie M. Lumbo-sacral loads and selected muscle activity 

while turning patients in bed. Ergonomics 1987; 30(7): 1013-1032. 

82 Gagnon M, Roy D, Lortie M, Roy R. Examination of biomechamcal principles in a patient 

handling task. Int J Ind Ergon 1988; 3(l):29-40. 

83 Garcia M, Cravic JY, Vandewalle H, Monod H. Physiological strains while pushing or hauling. 
Eur J Appl Physiol 1996; 72:478-482. 

84 Garg A, Beller D. One handed dynamic pulling strength with special reference to speed, handle 
height and angle of pulling. Int J Ind Ergon 1990; 6:231-240. 

85 Garg A, Chaffin DB, Herrin GD. Prediction of metabolic rates for manual materials handling 
jobs. Am Ind Hyg Assoc J 1978; 39(10):661-674. 

86 Garg A, Funke S, Janisch D. One-handed dynamic pulling strength with special application to 
lawn mowers. Ergonomics 1988; 31(8 ):1139-1153. 

87 Garg A, Moore JS. Epidemiology of low-back pain in industry. Occup Med 1992; 7(4):593-608. 

88 Garg A, Owen B. Prevention of back injuries in healthcare workers. Int J Ind Ergon 1994-
14(4):315-331. 

89 Garg A, Owen B, Beller D, Banaag J. A biomechanica! and ergonomie evaluation of patient 

transferring tasks: bed to wheelchair and wheelchair to bed. Ergonomics 1991 ; 34(3):289-312 

90 Garg A, Owen B, Beller D, Banaag J. A biomechamcal and ergonomie evaluation of patient 
transferring tasks: wheelchair to shower chair and shower chair to wheelchair Ergonomics 
1991; 34(4):407-419. 

186 



References 

91 Genaidy AM, Houshyar A, Asfour SS. Physiological and psychophysical responses to static, 

dynamic and combined arm tasks. Appl Ergon 1990; 21(l):63-67. 

92 Genaidy AM, Waly SM, Khalil TM, Hidalgo J. Spinal compression tolerance limits for the 

design of manual material handling operations in the workplace. Ergonomics 1993; 36(4):415-

434. 

93 Gledhill N, Jamnik VH. Characterization of the physical demands of firefighting. Can J Sports 
Sei 1992; 17(3):207-213. 

94 Grieve DW. Environmental constraints on the static exertion of force: PSD analysis in task-

design. Ergonomics 1979; 22( 10): 1165-1175. 

95 Grieve DW. The postural stability diagram (PSD): personal constraints on the static exertion of 

force. Ergonomics 1979; 22(10):1155-1164. 

96 Grieve DW. Slipping due to manual exertion. Ergonomics 1983; 26(l):61-72. 

97 Grieve DW, Pheasant ST. Naturally preferred directions for the exertion of maximal manual 

forces. Ergonomics 1981; 24(9):685-693. 

98 Guo H-R, Tanaka S, Cameron LL, Seligman PJ, Behrens VJ, Ger J et al. Back pain among 

workers in the United States: national estimates and workers at high risk. Am J Ind Med 1995; 

28:591-602. 

99 Hagberg M, Wegman DH. Prevalence rates and odd ratios of shoulder-neck diseases in different 

occupational groups. Brit J Ind Med 1987; 44:602-610. 

100 Hammerskjöld E, Ekholm J, Harms-Ringdahl K. Reproducibility of work movements with 

carpenters' hand tools. Ergonomics 1989; 32(8):1005-1018. 

01 Hansson TH, Keller TS, Spengler DM. Mechanical behaviour of the human lumbar spine II. 

Fatigue strength during dynamic compressive loading. J Orthop Res 1987; 5(4):479-487. 

102 Happée R, Van der Helm FCT. The control of shoulder muscles during goal directed 

movements, an inverse dynamic analysis. J Biomechanics 1995; 28(10):1179-1191. 

103 Harber P, Billet E, Lew M, Horan M. Importance of non-patient transfer activities in nursing-

related back pain: I. Questionnaire survey. J Occup Med 1987; 29(12):967-970. 

104 Hedberg GE. Physical strain in Swedish lorry drivers engaged in the distribution of goods. J 

Human Ergol 1985; 14:33-40. 

105 Hildebrandt VH. Back pain in the working population: prevalence rates in Dutch trades and 

professions. Ergonomics 1995; 38(6):1283-1298. 

106 Hildebrandt VH. Prevention of work related musculoskeletal disorders: setting priorities using 

the standardized Dutch Musculoskeletal Questionnaire. Thesis, Vrije Universiteit Amsterdam, 

The Netherlands, 2001. 

!07 Hildebrandt VH, Douwes M. Lichamelijke belasting en arbeid: vragenlijst bewegingsapparaat 

[in Dutch]. Ministerie van Sociale Zaken en Werkgelegenheid, Directoraat-Generaal van de 

Arbeid. Voorburg, The Netherlands, 1991. 

108 Hoogendoorn WE, Van Poppel MNM, Bongers PM, Koes BW, Bouter LM. Physical load 
during work and leisure time as risk factors for back pain. Scand J Work Environ Health 1999; 
25(5):387-403. 

187 



References 

109 Hoozemans MJM. Betrouwbaarheid en praktische bruikbaarheid van een rolcontainer-

meetsysteem [in Dutch], Coronel Institute for Occupational and Environmental Health. 

Academic Medical Centre / University of Amsterdam, The Netherlands. Report nr 95-06, 1995 ' 

110 Hoozemans MJM, Burdorf A, Van der Beek AJ, Frmgs-Dresen MHW, Mathiassen SE.'Group-

based measurement strategies in exposure assessment explored by bootstrapping. Scand J Work 

Environ Health 2001; 27(2): 125-132. 

111 Hoozemans MJM, Frings-Dresen MHW, Van der Beek AJ, Donders NCGM. Fysieke belasting 

bij het gebruik van SULO mini-containers met verminderde inhoud [in Dutch], Coronel Institute 

for Occupational and Environmental Health, Academic Medical Centre / University of 

Amsterdam, The Netherlands. Report nr 96-03, 1996. 

112 Hoozemans MJM, Van der Beek AJ, Frings-Dresen MHW, Van Dijk FJH, Van der Woude 
LHV. Pushing and pulling in relation to musculoskeletal disorders: a review of risk factors. 
Ergonomics 1998; 41(6):757-781. 

113 Hughes RE, Silverstein BA, Evanoff BA. R.sk factors for work-related musculoskeletal 
disorders in an aluminum smelter. Am J Ind Med 1997; 32:66-75. 

114 Jäger M, Luttmann A. Modelling of spinal load estimation and assessment for bi and ummanual 
materials handling. In: Ozok A, Salvendy G, editors. Advance in applied ergonom.cs. Istanbul -
West Lafayette: USA Publishing, 1996. 

115 Jäger M, Luttmann A, Laurig W. The load on the spine during transport of dustbins. Appl Ergon 
1984; 15(2):91-98. 

116 Jeong BY. Occupational deaths and injuries in the construction industry. Appl Ergon 1998' 
29(5):355-360. 

117 Kaewboonchoo O, Yamamoto H, Miyai N, Mirbod SM, Morioka I, Miyashita K. The 
standardized nordic questionnaire applied to workers exposed to hand-arm vibration. J Occup 
Health 1998; 40(3):218-222. 

118 Karvonen MJ, Kentala E, Mustala O. The effects of training on heart rate. A longitudinal study. 
Ann Med Exper Biol Fenn 1957; 35:307-315. 

119 Karwowski W, Yates JW. Reliability of the psychophysical approach to manual lifting of liquids 
by females. Ergonomics 1986; 29:237-248. 

120 Kelsey JL, Golden AL, Mundt DJ. Low-back pain/prolapsed lumbar intervertebral disc. 
Rheumatic Disease Clinics of North America 1990; 16(3):699-716. 

121 Kerk CJ, Chaffm DB, Page GB, Hughes RE. A comprehensive biomechanica! model using 

strength, stability, and COF constraints to predict hand force exertion capability under sagittally 

symmetric static conditions. HE Transactions 1994; 26(3):57-67. 

122 Keyserling WM. Workplace risk factors and occupational musculoskeletal disorders, part 1: a 
review of biomechamcal and psychophysical research on risk factors associated with low-back 
pain. Am Ind Hyg Assoc J 2000; 61:39-50. 

123 Keyserling WM. Workplace risk factors and occupational musculoskeletal disorders, part 2: a 

review of biomechamcal and psychophysical research on risk factors associated with upper 

extremity disorders. Am Ind Hyg Assoc J 2000; 61:231-243. 



References 

124 Keyserling WM, Herrin GD, Chaffin DB. Isometric strength testing as a means of controlling 

medical incidents on strenuous jobs. J Occup Med 1980; 22(5):332-336. 

125 Keyserling WM, Herrin GD, Chaffin DB, Armstrong TJ, Foss ML. Establishing an industrial 

strength testing program. Am Ind Hyg Assoc J 1980; 41:730-736. 

126 Kilbom Â. Assessment of physical exposure in relation to work-related musculoskeletal 

disorders - what information can be obtained from systematic observation. Scand J Work 

Environ Health 1994; 20(special issue):30-45. 

127 Kingma I, De Looze MP, Toussaint HM, Klijnsma JG, Bruijnen TBM. Validation of a full body 

3-D dynamic linked segment model. Human Movement Science 1996; 15:833-860. 

128 Klein BP, Jensen RJ, Sanderson LM. Assessment of workers' compensation claims for back 

strains/sprains. J Occup Med 1984; 26(6):443-448. 

129 Klüver BDR. Duw- en trekkrachten bij het verplaatsen van rolcontainers [in Dutch], Scriptie 

Postdoctorale Beroepsopleiding Veiligheid, Gezondheid en Welzijn in de Arbeid, Amsterdam, 

The Netherlands, 1995. 

!30 Koningsveld EAP, Van der Molen HF. History and future of ergonomics in buiding and 

construction. Ergonomics 1997; 40(10): 1025-1034. 

131 Kroemer KHE. Horizontal push and pull forces exertable when standing in working positions on 

various surfaces. Appl Ergon 1974; 5(2):94-102. 

132 Kromhout H, Loomis DP, Mihlan GJ, Peipins LA, Kleckner RC, Iriye R et al. Assessment and 

grouping of occuaptional magnetic field exposure in five electric utility companies. Scand J 

Work Environ Health 1995; 21:43-50. 

133 Kuiper JI, Burdorf A, Verbeek JHAM, Frings-Dresen MHW, Van der Beek AJ, Viikari-Juntura 

E. Epidemiological evidence on manual materials handling as a risk factor for back disorders: a 

systematic review. Int J Ind Ergon 1999; 24:389-404. 

134 Kumar S. Cumulative load as a risk factor for back pain. Spine 1990; 15:1311-1316. 

135 Kumar S. Perception of posture of short duration in the spatial and temporal domains. Appl 

Ergon 1993;24(5):345-350. 

136 Kumar S. The back compressive forces during maximal push-pull activities in the sagittal plane. 
JHumanErgol 1994; 23(2):133-150. 

137 Kumar S. Electromyography of spinal and abdominal muscles during garden raking with two 

rakes and rake handles. Ergonomics 1995; 38(9):1793-1804. 

138 Kumar S. Upper body push-pull strength of normal young adults in sagittal plane at three 

heights. Int J Ind Ergon 1995; 15(6):427-436. 

139 Kumar S, Cheng C. Spinal stresses in simulated raking with various rake handles. Ergonomics 
1990; 33(1): 1-11. 

140 Kumar S, Mital A. Margin of safety for the human back: a probable consensus based on 

published studies. Ergonomics 1992; 35(7/8):769-781. 

141 Kumar S, Narayan Y, Bacchus C. Symmetric and asymmetric two-handed pull-push strength of 

young adults. Human Factors 1995; 37(4):854-865. 

189 



References 

142 Kuonnka IAA, Jonsson B, Kilbom Â, Vmterberg H, Biering-Sorensen F, Andersson GBJ et al 
Standardised Nordic questionnaires for the analysis of musculoskeletal symptoms Appl Ergon 
1987; 18(3):233-237. 

143 Lamy C, Bazergui A, Kraus H, Farfan HF. The strength of the neural arch and the etiology of 
spondylosis. Orthop Clin North Am 1975; 6:215-231. 

144 Lavender SA, Chen S-H, Li Y, Andersson GBJ. Trunk muscle use during pulling tasks: effects 
of a lifting belt and footing conditions. Human Factors 1998; 40(1): 159-172. 

145 Lea CS, Hertz-Piccotto I, Andersen A, Chang-Claude J, Olsen JH, Pesaton AC et al Gender 
differences in the healthy worker effect among synthetic vitreous fiber workers Am J Epidemiol 
1999; 150(10): 1099-1106. 

146 Leboeuf-Yde C, Lauritsen JM, Launtsen T. Why has the search for causes of low back pain 
largely been non conclusive? Spine 1997; 22:877-881. 

147 Lee KS. Biomechanics modelling of cart pushing and pulling. Thesis, Center of Ergonomics 
University of Michigan, USA, 1982. 

148 Lee KS, Chaffm DB, Herrin GD, Waikar A. Effect of handle height on lower-back loading in 
cart pushing and pulling. Appl Ergon 1991; 22(2): 117-123. 

149 Lee KS, Chaffm DB, Parks C. A study of slip potential during cart pushing and pulling. HE 
Transactions 1992; 24(5): 139-146. 

150 Lee KS, Chaffm DB, Waikar A, Chung MK. Lower back muscle forces in pushing and pulling 
Ergonomics 1989; 32(12): 1551-1563. 

151 Li C-Y, Sung F-C. A review of the healthy worker effect in occupational epidemiology. 
Occupational Medicine 1999; 49(4):225-229. 

152 Liang K-Y, Zeger SL. Regression analysis for correlated data. Annual Review of Public Health 
1993; 14:43-68. 

153 Maas S, Kok MU, Westra HG, Kemper HCG . The validity of the use of heart rate ,n estimating 
oxygen consumption in static and in combined static/dynamic exercise. Ergonomics 1989' 
32(2): 141-148. 

154 MacDcugall JD, McKelvie RS, Moroz DE, Sale DG, McCartney N, Buick F. Factors affecting 
blood pressure during heavy weight lifting and static contractions. J Appl Physiol 1992' 
73(4):1590-1597. 

155 Macfarlane GJ, Hunt IM, Süman AJ. Role of mechanical and psychosocial factors in the onset 

of forearm pain: prospective population based study. British Medical Journal 2000; 321:1-5 

156 Manning DP. Deaths and incidents caused by slipping, tripping and falling. Ergonomics 1983' 
26(1 ):3-9. 

157 Manning DP. Slipping and the penalties inflicted generally by the law of gravitation J Soc 
Occup Med 1988; 38(4): 123-127. 

158 Manning DP, Mitchell RG, Blanchfield LP. Body movements and events contributing to 
accidental and nonaccidental back injuries. Spine 1984; 9(7):734-739 

159 Manning DP, Shannon HS. Slipping accidents causing low-back pain in a gearbox factory 
Spine 1981; 6(l):70-72. 

190 



References 

160 Manas WS. Occupational low back disorder: causation and control. Ergonomics 2000; 
43(7):880-902. 

161 Martin JB, Chaffin DB. Biomechanical computerized simulation of human strength in sagittal 
plane activities. AIIE Transactions 1972; 4(l):19-28. 

!62 McGill SM. Electromyographic activity of the abdominal and low back musculature during the 

generaton of isometric and dynamic axial trunk torque: implications for lumbar mechanics. J 

OrthopRes 1991;9:91-103. 

:63 McGill SM. The biomechanics of low back injury: implications on current practice in industry 

and the clinic. J Biomechanics 1997; 30(5):465-475. 

i 64 McGill SM, Norman RW. Partitioning of the L4-L5 dynamic moment into disc ligamentous and 

muscular components during lifting. Spine 1986; 11:666-677. 

165 McGill SM, Norman RW. Reassessment of the role of the intra-abdominal pressure in spinal 

compression. Ergonomics 1987; 30:1565-1588. 

166 Meskers CGM, Van der Helm FCT, Rozendaal LA, Rozing PM. In vivo estimation of the 

glenohumeral joint rotation center from scapular bony landmarks by linear regression. J 

Biomechanics 1998; 31(l):93-96. 

167 Metzler F. Epidemiology and statistics in Luxembourg. Am Ind Hyg Assoc J 1985; 28(l):21-24. 

168 Mital A, Kopardekar P, Motorwala A. Isokinetic pull strengths in the vertical plane: effects of 
speed and arm angle. Clin Biomech 1995; 10(2):110-112. 

169 Mital A, Nicholson AS, Ayoub MM. A guide to manual materials handling. London: Taylor and 
Francis, 1997. 

170 Nachemson AL, Morris JM. In vivo measurements of mtradiscal pressure. J Bone Joint Surg 
1964; 46A: 1077-1092. 

171 Nadeau S. Biomechanical assessment of four techniques of pushing a load with maximal effort. 

In: Kuorinka I, editor. Prevention of work related musculoskeletal disorders. Montréal: Institut 

de recherche en santé et en sécurité du travail du Québec, Canada, 1996. 

172 Neumann P, Wells RP, Norman RW, Frank J, Shannon HS, Kerr M et al. A posture and load 
sampling approach to determining low-back pain risk in occupational settings. Int J Ind Ergon 
2001;27:65-77. 

173 Nicholson AS. A comparitive study of methods for establishing load handling capabilities. 
Ergonomics 1989; 32(9): 1125-1144. 

174 Nicholson AS, Davis PR, Sheppard NJ. Magnitude and distribution of trunk stresses in 

telecommunications engineers. Brit J Ind Med 1981 ; 38:364-371. 

175 Niedhammer I, Saurel-Cubizolles M, Piciotti M, Bonenfant S. How is sex considered in recent 

epidemiological publications on occupational risks? Occup Environ Med 2000; 57:521-527. 

176 Nijenhuis AWT, Roseboom PM. Onderzoek naar de arbeidsbelasting, die optreedt bij het 

verplaatsen van rolcontainers, toegespitst op vrouwen [in Dutch]. BGD-rapport 305/61a, Den 

Haag, The Netherlands, 1987. 

177 NIOSH. Work practice guide for manual load lifting. NIOSH Technical report nr 81-122. US 

National Institute for Occupational Safety and Health, Cincinati, USA, 1981. 

191 



References 

178 Norman RW, Wells RP, Neumann P, Shannon HS, Ken- M. A comparison of peak vs 

cumulative physical work exposure risk factors for the reporting of low back pain in the 

automotive industry. Clin Biomech 1998; 13:561-573. 

179 Nurminen M. To use or not to use the odds ratio in epidemiologic analyses? European Journal of 
Epidemiology 1995; 11:365-371. 

180 Nussbaum MA, Chaffin DB, Baker G. Biomechanica! analysis of materials handling 

manipulators in short distance transfers of moderate mass objects: joint strength, spine forces 

and muscular antagonism. Ergonomics 1999; 42( 12): 1597-1618. 

181 Nussbaum MA, Chaffin DB, Stump BS, Baker G, Foulke JA. Motion tunes, hand forces, and 
trunk kinematics when using material handling manipulators m short-distance transfers of 
moderate mass objects. Appl Ergon 2000; 31:227-237. 

182 Nuwayhid IA, Stewart W, Johnson JV. Work activities and the onset of first-time low-back pain 
among New York City firefighters. Am J Epidemiol 1993; 137(5):539-548. 

183 Nygârd C-H, Ilmarinen I. Effects of changes in delivery of dairy products on physical strain of 
truck drivers. In: Haslegrave CM, editor. Work design in practice. London: Taylor and Francis 
1990: 142-147. 

184 Ozguler A, Leclerc A, Landre M, Pietri-Taleb F, Niedhammer I. Individual and occupational 
determinants of low back pain according to various definitions of low back pain. J Epidemiol 
Community Health 2000; 54:215-220. 

185 Palmer K, Smith G, Kellmgray S, Cooper C. Repeatability and validity of an upper limb and 
neck discomfort questionnaire: The utility of the standardized Nordic questionnaire. 
Occupational Medicine 1999; 49(3): 171-175. 

186 Paquet V, Punnett L, Buchholz B. Validity of fixed-interval observations for postural 
assessment in construction work. Appl Ergon 2001; 32:215-224. 

187 Paul JA, Van Dijk FJH, Frings-Dresen MHW. Work load and musculoskeletal complaints 
during pregnancy. Scand J Work Environ Health 1994; 20:153-159. 

188 Petzäll J. Traversing step obstacles with manual wheelchairs. Appl Ergon 1996; 27(5)-327-341 

189 Pheasant ST, Grieve DW. The principle features of maximal exertion in the sagittal plane. 
Ergonomics 1981; 24:327-338. 

190 Pope DP, Silman AJ, Cherry NM, Pritchard CM, Macfarlane GJ. Validity of a self-completed 
questionnaire measuring the physical demands of work. Scand J Work Environ Health 1998' 
24:376-385. 

191 Pope MH. Risk indicators in low back pain. Annals of Medicine 1989; 21(5):387-392. 

192 Pope MH. Does manual materials handling cause low-back pain? Int J Ind Ergon 1998' 22-489 
492. 

193 Praagman M, Stokdijk M, Veeger HEJ, Visser B. Predicting mechanical load of the 

glenohumeral joint, using net joint moments. Clin Biomech 2000; 15:315-321. 

194 Punnett L. Adjusting for the healthy worker selection effect in cross-sectional studies Int J Epid 
1996;25(5):1068-1076. 

195 Redfern MS, Hughes RE, Chaffin DB. High-pass filtering to remove electrocardiographic 
interference from torso EMG recordings. Clin Biomech 1993; 8:44-48. 

192 



References 

196 Resnick ML, Chaffin DB. An ergonomie evaluation of handle height and load in maximal and 

submaximal cart pushing. Appl Ergon 1995; 26(3): 173-178. 

197 Resnick ML, Chaffin DB. Kinematics, kinetics, and psychophysical perceptions in symmetric 

and twisting pushing and pulling tasks. Human Factors 1996; 38(1):114-129. 

198 Resnick ML, Chaffin DB. An ergonomie evaluation of three classes of material handling device 

(MHD). Int J Ind Ergon 1997; 19:217-229. 

!99 Ruhimäki H. Low-back pain, its origin and risk indicators. Scand J Work Environ Health 1991; 
17:81-90. 

200 Riihimäki H. Musculoskeletal diseases - a continuing challenge for epidemiologic research. 
Scand J Work Environ Health 1999; 25 suppl 4:31-35. 

201 Samuels S J, Lemasters GK, Carson A. Statistical methods for describing occupational exposure 
measurements. Am Ind Hyg Assoc J 1985; 46:427-433. 

202 Sanchez J, Monod H. Physiological effects of dynamic work on a bicycle ergometer combined 

with different types of static contractions. Eur J Appl Physiol 1979; 41(4):259-266. 

203 Sanchez J, Monod H, Chabaud F. Effects of dynamic, static and combined work on heart rate 

and oxygen consumption. Ergonomics 1979; 22(8):935-943. 

204 Schibye B, S0gaard K, Laursen B, SJ0gaard G. Mechanical load of the spine during pushing and 

pulling. In: Seppälä P, Luopajärvi T, Nygârd C-H, Mattila M (eds), Proceedings of the 13th 

Triennial Congress of the International Ergonomics Association, 1997; 4: 536-538. 

205 Seixas NS, Sheppard L. Maximizing accuracy and precision using individual and grouped 

exposure assessments. Scand J Work Environ Health 1996; 22:94-101. 

206 Skov T, Deddens J, Petersen MR, Endahl L. Prevalence proportion ratios: estimation and 

hypothesis testing. Int J Epid 1998; 27:91-95. 

207 Sluiter JK, Rest KM, Frings-Dresen MHW. Criteria document for evaluation of the work-
relatedness of upper extremity musculoskeletal disorders. Scand J Work Environ Health 2001; 
27 suppl 2:1-102. 

208 Snook SH. The design of manual handling tasks. Ergonomics 1978; 21(l):963-985. 

209 Snook SH. Psychophysical acceptability as a constraint in manual working capacity. 
Ergonomics 1985; 28( 1 ):331-335. 

210 Snook SH. Psychophysical considerations in permissible loads. Ergonomics 1985; 28(1):327-
330. 

211 Snook SH, Campanelli RA, Hart JW. A study of three preventive approaches to low back injury. 
J Occup Med 1978; 20(7):478-481. 

212 Snook SH, Ciriello VM. Maximum weights and work loads acceptable to female workers. J 
Occup Med 1974; 16:527-534. 

213 Snook SH, Ciriello VM. The effects of heat stress on manual handling tasks. Am Ind Hyg Assoc 
J 1974;35:681-695. 

214 Snook SH, Ciriello VM. The design of manual handling tasks: revised tables of maximum 

acceptable weights and forces. Ergonomics 1991; 34(9): 1197-1213. 

193 



References 

215 Snook SH, Irvine CH, Bass SF. Maximum weights and work loads acceptable to male industrial 
workers. A study of lifting lowering, pushing, pulling, carrying, and walking tasks. Am Ind Hyg 
AssocJ1970;31(5):579-586. 

216 Sogaard K. Biomechanics and motor control during repetitive work. A biomechanical and 
electromyographical study of floor cleaning. Thesis, Department of physiology, National 
Institute of Occupational Health and Human Physiology, August Krogh Institute, University of 
Copenhagen, Denmark, 1994. 

217 Sogaard K, Fallentin N, Nielsen J. Work load during floor cleaning. The effect of cleaning 
methods and work technique. Eur J Appl Physiol 1996; 73:73-81. 

218 Spielholz P, Wiker SF, Silverstein BA. An ergonomie characterization of work in concrete form 
construction. Am Ind Hyg Assoc J 1998; 59:629-635. 

219 Straker LM, Stevenson MG, Twomey LT, Smith LM. A comparison of risk assessment of single 
and combination manual handling tasks: 3. Biomechanical measures. Ergonomics 1997-
40(7):708-728. 

220 Stnndberg L, Petersson NF. Measurement of force perception in pushing trolleys. Ergonomics 
1972; 15(4):435-438. 

221 Stubbs DA, Buckle PW, Hudson MP, Rivers PM. Back pain in the nursing profession II. The 
effectiveness of training. Ergonomics 1983; 26(8):767-779. 

222 Stubbs DA, Buckle PW, Hudson MP, Rivers PM, Worrmgham CJ. Back pain m the nursing 

profession I. Epidemiology and pilot methodology. Am Ind Hyg Assoc J 1983; 26(8):755-765. 

223 Thelen DG, Ashton-MUler JA, Schultz A. Lumbar muscle activities in rapid three-dimensional 
pulling tasks. Spine 1996; 21(5):605-613. 

224 Thompson ML, Myers JE, Knebel D. Prevalence odds ratio or prevalence ratio in the analysis of 

cross sectional data: what is to be done? Occup Environ Med 1998; 55:272-277 

225 Tielemans E, Küpper LL, Kromhout H, Heederik D, Houba R. Individual-based and group-
based occupational exposure assessment: some equations to evaluate different strategies. Ann 
occup Hyg 1998; 42(2):115-119. 

226 Tola S, Riihimaki H, Videman T, Viikari-Juntura E, Hänninen K. Neck and shoulder symptoms 
among men in machine operating, dynamic physical work and sedentary work. Scand J Work 
Environ Health 1988; 14:299-305. 

227 Toommgas A, Alfredsson L, Kilbom Â. Possible bias from rating behavior when subjects rate 

both exposure and outcome. Scand J Work Environ Health 1997; 23:370-377. 

228 Toussaint HM, Van Baar CE, Van Langen PP, De Looze MP, Van Dieèn JH. Coordination of 

leg muscles in backlift and leglift. J Biomechanics 1992; 25(11): 1279-1289. 

229 Twisk JWR. Different statistical models to analyze epidemiological observational longitudinal 
data: an example from the Amsterdam Growth and Health Study. Int J Sports Med 1997-
18:216-224. 

230 Van der Beek AJ, Fnngs-Dresen MHW. Application of pushing and pulling guidelines in the 
transport sector. In: McFadden S, Innes L, Hill M (editors), International Ergonomics 
Association, Ergonomics at the workplace, Human Factors Association of Canada Toronto 
1994; 5:324-326. 

194 



References 

231 Van der Beek AJ, Frings-Dresen MHW. Physical workload of lorry drivers: a comparison of 

four methods of transport. Ergonomics 1995; 38(7): 1508-1520. 

232 Van der Beek AJ, Frings-Dresen MHW. Assessment of mechanical exposure in ergonomie 

epidemiology. Occup Environ Med 1998; 55:291-299. 

233 Van der Beek AJ, Frings-Dresen MHW, Van Dijk FJH, Kemper HCG, Meijman ThF. Loading 

and unloading by lorry drivers and musculoskeletal complaints. Int J Ind Ergon 1993; 12:13-23. 

234 Van der Beek AJ, Hoozemans MJM, Frings-Dresen MHW. Exposure assessment of pushing and 

pulling at the workplace. Proceedings of the symposium: Risk assessment for musculoskeletal 

disorders, Nordic Satellite Symposium under the auspices of ICOH '96, National Institute of 

Occupational Health, Copenhagen, Denmark, 1996; 53-54. 

235 Van der Beek AJ, Hoozemans MJM, Frings-Dresen MHW, Burdorf A. Assessment of exposure 

to pushing and pulling in epidemiological field studies: an overview of methods, exposure 

measures, and measurement strategies. Int J Ind Ergon 1999; 24:417-429. 

236 Van der Beek AJ, Hoozemans MJM, Frings-Dresen MHW, Van der Molen HF. Pushing and 

pulling in building and construction. In: Seppälä P, Luopajärvi T, Nygârd C-H, Matilla M (eds.), 

Proceedings of the 13th Congress of the International Ergonomics Association: International 

symposium on ergonomics in building and construction, 1997; 6:194-196. 

237 Van der Beek AJ, Klüver BDR, Frings-Dresen MHW, Hoozemans MJM. Gender differences in 

exerted forces and energetic workload during pushing and pulling of wheeled cages by postal 

workers. Ergonomics 2000; 43(2):269-281. 

238 Van der Beek AJ, Oort-Marburger D, Frings-Dresen MHW. The relations between work 

demands and health complaints in lorry drivers - A model tested by means of LISREL. Int Arch 

Occup Environ Health 1994; 66:179-184. 

239 Van der Beek AJ, Van Gaaien LC, Frings-Dresen MHW. Working postures and activities of 

lorry drivers: a reliability study study of on-site observation and recording on a pocket 

computer. Appl Ergon 1992; 23:331-336. 

240 Van der Burg JCE, Van Dieën JH, Toussaint HM. Lifting an unexpectedly heavy lift: the effects 

on low-back loading and balance lost. Clin Biomech 2000; 15:469-477. 

241 Van der Heijden GJMG. Shoulder disorders: a state-of-the-art review. Baillière's Clinical 

Rheumatology 1999; 13(2):287-309. 

242 Van der Helm FCT. The shoulder mechanism a dynamic approach. Thesis, Delft University of 
Technology, The Netherlands, 1991. 

243 Van der Helm FCT. A finite element musculoskeletal model of the shoulder mechanism. J 
Biomechanics 1994; 27(5):551-569. 

244 Van der Helm FCT. Analysis of the kinematic and dynamic behavior of the shoulder 

mechanism. J Biomechanics 1994; 27(5):527-550. 

245 Van der Helm FCT, Veeger HEJ. Quasi-static analysis of muscle forces in the shoulder 

mechanism during wheelchair propulsion. J Biomechanics 1996; 29(l):39-52. 

246 Van der Windt DAWM, Thomas E, Pope DP, De Winter AF, Macfarlane GJ, Bouter LM et al. 

Occupational risk factors for shoulder pain: a systematic review. Occup Environ Med 2000; 

57:433-442. 

195 



References 

247 Van der Woude LHV, Van Koningsbruggen CM, Kroes AL, Kingma I. Effect of push handle 

height on net moments and forces on the musculoskeletal system during standardized wheelchair 

pushing tasks. Prosthetics and Orthotics International 1995; 19(3): 188-201. 

248 Van Dieën JH. Are recruitment patterns of the trunk musculature compatiple with a synergy 

based on the maximazation of endurence? J Biomechanics 1997; 30(11/12): 1095-1100. 

249 Van Dieën JH, De Looze MP. Sensitivity of single-equivalent trunk extensor muscle models to 

anatomical and functional assumptions. J Biomechanics 1999; 32:195-198. 

250 Van Dieën JH, Hoozemans MJM, Toussaint HM. Stoop or squat: a review of biomechamcal 

studies on lifting technique. Clin Biomech 1999; 14:685-696. 

251 Van Dieën JH, Hoozemans MJM, Van der Beek AJ, Muhender M. Precision of estimates of 

mean and peak spinal loads in lifting. J Biomechanics, conditionally accepted. 

252 Van Dieën JH, Hoozemans MJM, Van der Burg JCE. The level of antagonistic cocontract.on of 

trunk muscles during manual materials handling tasks: implications for estimates of spinal 

compression forces. Submitted. 

253 Van Dieën JH, Kingma I. Total trunk muscle force and spmal compression are lower in 
asymmetric moments as compared to pure extension moments. J Biomechanics 1999- 32-681-
687. 

254 Van Dieën JH, Toussaint HM. Evaluation of the probability of spmal damage caused by 

sustained cyclic compression loading. Human Factors 1997; 39(3):469-480. 

255 Van Dijk FJH, Van Dormolen M, Kompier MAJ, Meijman ThF. Herwaardering model 

belasting-belastbaarheid [in Dutch]. T. Soc. Gezondheidsz. 1990; 68:3-10. 

256 Van Ingen Schenau GJ. From rotation to translation: constraints of multijoint movements and 
the unique action of bi-articular muscles (target article). Human Movement Science 1989-
8:301-337. 

257 Van Veldhoven M. Psychosocial job demands and workstress. Thesis, University of Groningen, 
The Netherlands, 1996. 

258 Van Wendel de Joode B, Burdorf A, Verspruy C. Physical load m ship maintenance: hazard 

evaluation by means of a workplace survey. Appl Ergon 1997; 28:213-219. 

259 Veeger HEJ, Van der Helm FCT, Van der Woude LHV, Pronk GM, Rozendal RH. Inertia and 

muscle contraction parameters for musculoskeletal modelling of the shoulder mechanism. J 

Biomechanics 1991; 24(7):615-629. 

260 Viikari-Juntura E, Rauas S, Martikainen R, Kuosma E, Riihimäki H, Takala E-P et al. Validity 

of self-reported physical work load m epidemiologic studies on musculoskeletal disorders. 

Scand J Work Environ Health 1996; 22(4):251 -259. 

261 Visser B, Van Scheijndel PAM, De Looze MP, Faessen HGM, Veeger HEJ, Kuijer PPFM. 

Mechanical load on the wrist, elbow and shoulder m a bricklaying activity: a comparison of 

three models. In: Blankevoort L, Kooloos JGM (editors). Proceedings of the Second World 

Conference of Biomechanics, 1994; p.318. 

262 Von Korff M, Ormel J, Keefe FJ, Dworkin S. Grading the severity of chronic pain Pain 1992-
50:133-149. 

196 



References 

263 Waris P. Occupational cervicobrachial syndromes: A review. Scand J Work Environ Health 
1980; 5(suppl.3):3-14. 

264 Warwick D, Novak GJ, Schultz A. Maximum voluntary strengths of male adults in some lifting, 

pushing and pulling activities. Ergonomics 1980; 23(l):49-54. 

265 Waters TR, Putz-Anderson V, Garg A. Revised NIOSH equation for the design and evaluation 

of manual lifting tasks. Ergonomics 1993; 36:749-776. 

266 Wells RP, Norman RW, Neumann P, Andrews DM, Frank JS, Shannon HS et ai Assessment of 

physical work load in epidemiologic studies: common measurement metrics for exposure 

assessment. Ergonomics 1997; 40(1):51-61. 

267 Westgaard RH, Winkel J. Guidelines for occupational musculoskeletal load as a basis 

intervention: a critical review. Appl Ergon 1996; 27(2):79-88. 

268 Wickström G. Symptoms and signs of degenerative back disease in concrete reinforcement 

workers. Scand J Work Environ Health 1978; 4(suppl. l):54-58. 

269 Wiktorin C, Selin K, Ekenvall L, Kilbom Â, Alfredsson L. Evaluation of perceived and self-

reported manual forces exerted in occupational materials handling. Appl Ergon 1996; 27(4):231-

239. 

270 Windhorst J, Hoozemans MJM, Van der Beek AJ, Frings-Dresen MHW. Het meten van duw- en 

trekkrachten bij een aantal representatieve handelingen in de bouw [in Dutch]. Coronel Institute 

for Occupational and Environmental Health, Academic Medical Centre / University of 

Amsterdam, The Netherlands. Report nr 98-20. 1998. 

271 Winkel J. On the manual handling of wide-body carts used by cabin attendants in civil aircraft. 
Appl Ergon 1983; 14(3): 162-185. 

272 Winkel J, Mathiassen SE. Assessment of physical work load in epidemiologic studies: concepts, 

issues and operational considerations. Ergonomics 1994; 37(6):979-988. 

273 Winkel J, Westgaard RH. Occupational and individual risk factors for shoulder-neck 

complaints: part II - the scientific basis (literature review) for the guide. Int J Ind Ergon 1992; 

10:85-104. 

274 Woldstad JC, Chaffin DB. Dynamic push and pull forces while using a manual material 

handling assist device. HE Transactions 1994; 26(3):77-88. 

275 Xu Y, Bach E, Orhede E. Occupation and risk for the occurence of low-back pain (LBP) in 

Danish employees. Occupational Medicine 1996; 46(2): 131-136. 

276 Yu T, Roht LH, Wise RA, JackKilian D, Weir FW. Low-back pain in industry, an old problem 

revisited. J Occup Med 1984; 26(7):517-524. 

277 Zhuang Z, Stobbe TJ, Hsiao H, Collins JW , Hobbs GR. Biomechanical evaluation of assistive 

devices for transferring residents. Appl Ergon 1999; 30:285-294. 

197 





Summary 



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 

202 



. Summary 

complaints related to pushing and pulling may be studied in specific interventions at the 
workplace. 
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Duwen en trekken in relatie tot klachten aan het bewegingsapparaat 
Het handmatig verplaatsen van lasten en het vntoefenen van bewegingen die veel kracht 

vereisen zijn dagelijkse werkzaamheden van een aanzienlijk deel van de beroepsbevolking Er 

is relatief weinig aandacht besteed aan duwen en trekken op het werk bij het zoeken naar 

effectieve methoden om het ontstaan van klachten aan het bewegingsapparaat als gevolg van 

het handmatig verplaatsen van lasten te voorkomen. Duwen en trekken op het werk komt 

echter vaker voor dan algemeen gedacht wordt en vervangt m toenemende mate het tillen van 

lasten. Dit proefschrift heeft de volgende doelen: (1) het evalueren van methoden en 

strategieën voor het bepalen van de blootstelling aan duwen en trekken op het werk (2) het 

onderzoeken van de relatie tussen externe en interne blootstelling aan duwen en trekken en 

(3) het onderzoeken van de relatie tussen externe blootstelling aan duwen en trekken op het 

werk en klachten aan het bewegingsapparaat, in het bijzonder lage rug- en schouderklachten 

(hoofdstuk 1). 

Hoofdstuk 2 geeft een overzicht van de bestaande wetenschappelijke literatuur waarbij de 

risicofactoren voor klachten aan het bewegingsapparaat als gevolg van duwen en trekken op 

het werk worden beschreven en geëvalueerd. In een conceptueel model wordt het kader van 

het literatuur-overzicht en van dit proefschrift weergegeven. Op basis van dit model worden 

de risicofactoren van duwen en trekken geëvalueerd vanuit vier gezichtspunten-

epidemiologie, psychofysica, fysiologie en biomechanica. Cross-sectionele epidemiologische 

onderzoeken geven aan dat duwen en trekken geassocieerd is met lage rugklachten Uit een 

systematisch overzicht blijkt dat ns.cofactoren van duwen en trekken, zoals het gewicht van 

de rolcontainer en de aangryphoogte, van invloed zijn op de maximaal (toegestane) 

uitgeoefende krachten en op de fysiologische en mechanische belasting. Aanbevolen wordt 

om prospectief onderzoek te verrichten naar de relatie tussen duwen en trekken enerzijds en 

de daaropvolgende klachten aan het bewegingsapparaat, in het bijzonder schouderklaehten 

anderzijds. 

In hoofdstuk 3 worden methoden en strategieën geëvalueerd voor het bepalen van de externe 

blootstelling aan duwen en trekken in arbeidssituaties. In §3.1 wordt een overzicht gegeven 

van methoden, blootstellingsmaten en meetstrategieën voor het bepalen van de blootstelling 

aan duwen en trekken in epidemiologisch onderzoek. Voor epidemiologisch onderzoek en 

biomechanische analyses worden methoden waarbij de uitgeoefende krachten direct worden 

gemeten geadviseerd. Een aantal mogelijke externe blootstellingsmaten waarin de drie 

dimensies van externe blootstelling - intensiteit, frequentie en duur - zijn verwerkt wordt 

gegeven. Voor betrouwbare schattingen van het individuele gemiddelde van de grootte van de 
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uitgeoefende duw- en trekkrachten in arbeidssituaties zou de meetstrategie gericht moeten zijn 
op ongeveer vijf herhaalde metingen per werknemer. 

In §3.2 wordt de validiteit van methoden om uitgeoefende krachten op de werkplek te 

meten verder onderzocht aan de hand van een duw- en trekhandeling uit de bouwnijverheid. 

Een één-dimensionale digitale handkrachtmeter blijkt, na vergelijking met een nauwkeurig 

drie-dimensionaal meetsysteem, gebruikt te kunnen worden om uitgeoefende krachten valide 

te meten op deze werkplek. Noch het met de handkrachtmeter reproduceren van de handeling 

buiten de eigenlijke werkplek, noch het subjectief inschatten door bouwvakkers zelf blijkt, 

echter, te leiden tot valide schattingen van de uitgeoefende krachten. Deze methoden worden 

dan ook niet geadviseerd om uitgeoefende krachten te kwantificeren. 

Meetstrategieën voor het bepalen van de blootstelling aan duwen en trekken worden 

onderzocht in §3.3. Bij twee beroepsgroepen is het effect van verschillende combinaties van 

het aantal werknemers en het aantal metingen per werknemer onderzocht ten aanzien van de 

precisie van de schatting van het groepsgemiddelde van de blootstelling aan duwen. De 

frequentie en duur van duwen is bepaald door observatie van werknemers op de werkplek en 

de precisie van de schatting van de gemiddelde blootstelling is onderzocht met behulp van 

bootstrap procedures. De precisie van de schatting van het groepsgemiddelde neemt bij meer 

dan 10 werknemers met minder dan 5% af voor elke extra werknemer die wordt toegevoegd 

Geconcludeerd wordt dat zowel het aantal gemeten werknemers als het aantal metingen per 

werknemer van invloed is op de precisie van de schatting van de gemiddelde blootstelling op 

groepsniveau. Voor de variatie in blootstelling die in deze studie is gevonden geldt dat een 

efficiënte meetstrategie gericht zou moeten zijn op het meten van meer werknemers m plaats 

van te streven naar meer herhaalde metingen per werknemer. 

Hoofdstuk 4 is gericht op de mechanische belasting van de lage rug en de schouders tijdens 

duwen en trekken van een rolcontainer m een laboratorium setting in combinatie met drie 

taakuitvoeringen: het gebruik van één of twee handen, drie verschillende belad.ngen van de 

rolcontainer en twee aangrijphoogten. Daarnaast wordt in dit hoofdstuk de relatie tussen de 

externe en interne belasting onderzocht. In het laboratorium zijn duw- en trektaken 

gesimuleerd en zijn biomechanische modellen gebruikt om de mechanische belasting van de 

lage rug en de schouder te schatten. Het totale gewicht van de rolcontainer en de 

aangrijphoogte blijken aanzienlijk van invloed te zijn op de mechanische belasting. Er wordt 

daarom geadviseerd om het totale gew.cht van de rolcontainer zo laag mogelijk te houden en 

om op schouderhoogte te duwen en te trekken. De grootte van de extern geleverde krachten 

was op zichzelf met indicatief voor de mechanische belasting van de lage rug en schouders 

tijdens duwen en trekken. Een grotere extern geleverde kracht zou kunnen duiden op een 
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hogere mechanische belasting als de werktechmek, namelijk het duwen of trekken, de 
aangrijphoogte en het gebruik van één of twee handen, niet veranderd is. 

In hoofdstuk 5 wordt duwen en trekken op het werk onderzocht in relatie tot klachten aan het 

bewegingsapparaat. In §5.1 wordt een vragenlijst onderzoek bij medewerkers van 

verschillende bedrijven beschreven en cross-sectioneel geanalyseerd. Medewerkers die 

voornamelijk duwen en trekken op het werk (n=439, respons 73%) en een referentie groep 

bestaande uit medewerkers van dezelfde bedrijven zonder fysiek belastende taken (hanteren 

van lasten) (n=190, respons 79%) hebben deelgenomen aan het onderzoek. De blootstelling 

aan duwen en trekken, aan andere fysieke risicofactoren voor rug- en schouderklachten en aan 

arbeidsgebonden psychosociale risicofactoren zijn bepaald met de vragenlijst De 

medewerkers die duwen en trekken op het werk zijn onderverdeeld in een matig en hoog 

blootgestelde groep. Een aantal verschillende schalen voor het meten van klachten aan de lage 

rug en schouders is gebruikt om de prevalentie van klachten in het afgelopen jaar vast te 

stellen. De groep die hoog blootgesteld is aan duwen en trekken heeft een significant 

verhoogd risico op lage rugklachten in vergelijking met de referentiegroep wanneer 

gecorrigeerd wordt voor relevante verstorende variabelen (prevalentie ratio's (PR's) tussen de 

1.40 en 2.15). De hoog blootgestelde groep is echter consequent voor alle klachtenschalen 

geassocieerd met schouderklachten (gecorrigeerde significante PR's tussen de 2 08 en 6 37) 

Voor schouderklachten is bovendien een duidelijke tendens naar een dosis-respons relatie 

gevonden voor de blootstelling aan duwen en trekken. Voor de meer ernstige lage rug- en 

schouderklachten zijn sterkere associaties gevonden. Verondersteld wordt dat 

arbeidsgebonden psychosociale risicofactoren deze associatie beïnvloeden. 

Het vragenlijst onderzoek is onderdeel van een prospectief cohort onderzoek met een 

follow-up periode van één jaar dat wordt beschreven in §5.2. Van de werknemers die 

voornamelijk duwen en trekken op het werk hebben 316 werknemers (respons 76%) ook de 

follow-up vragenlijst ingevuld. Van de referentie groep hebben 143 werknemers (respons 

82%) de follow-up vragenlijst ingevuld. Naast de subjectieve blootstelling aan duwen en 

trekken die met de vragenlijst, zoals gebruikt in de cross-sectionele analyses (§5 1) is 

vastgesteld, is de blootstelling ook objectief vastgesteld door middel van systematische 

observatie op de werkplek bij een representatieve steekproef van 131 werknemers 

Werknemers zijn wederom onderverdeeld m drie (fysieke) blootstellingsgroepem de 

referentie groep, een matig blootgestelde groep en een hoog blootgestelde groep. De één-jaars 

prevalentie van lage rug- en schouderklachten is vastgesteld bij zowel de eerste als de follow-

up vragenlijst. Gecorrigeerde PR's voor lage rugklachten, geschat met behulp van Cox 

regressie analyse, blijken met significant te zijn. Voor schouderklachten zijn significant 

hogere PR's gevonden voor de matig en hoog blootgestelde groepen in vergelijking met de 
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referentie groep bij zowel de subjectieve blootstelling als bij de objectief vastgestelde duur 

van duwen en trekken. Bij de objectief vastgestelde frequentie van duwen en trekken is alleen 

voor de matig blootgestelde groep een significant verhoogde PR gevonden. Geconcludeerd 

wordt dat, in dit longitudinale onderzoek, duwen en trekken significant (causaal) gerelateerd 

is aan schouderklachten en niet aan lage rugklachten. 

In de epiloog van hoofdstuk 5 (§5.3) zijn de gegevens van het prospectieve cohort 

onderzoek gebruikt om de risicofactoren voor duwen en trekken, die ook in de hoofdstukken 2 

en 4 onderzocht zijn, verder te bestuderen. Er is bekeken of de afzonderlijk elementen van 

deze risicofactoren konden worden vergeleken voor wat betreft hun risico voor lage rug- of 

schouderklachten. Tijdens de systematische observatie van werknemers (§5.2) zijn ook duwen 

dan wel trekken, het gebruik van één dan wel twee handen en de aangrijphoogte geregistreerd. 

De meest voorkomende duw- en trekactiviteiten zijn op de werkplek gesimuleerd om een 

indicatie te krijgen van de uitgeoefende krachten die op de werkplek voorkomen. Echter, als 

gevolg van onvoldoende aantal werknemers in contrasterende relevante blootstellingsgroepen, 

blijkt het niet mogelijk om de risicofactoren vanuit een epidemiologisch standpunt te 

onderzoeken in relatie tot klachten aan het bewegingsapparaat. Er wordt geconcludeerd dat 

wanneer onderzoek wordt verricht naar de risicofactoren van duwen en trekken dat de 

onderzoekspopulatie daar dan ook op geselecteerd moet worden, dat wil zeggen met 

voldoende contrast in de blootstelling. Ook kan met gerichte interventies op het werk 

onderzoek worden gedaan naar de effectiviteit van aanbevelingen om klachten aan het 

bewegingsapparaat als gevolg van duwen en trekken te voorkomen. 
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Dankwoord 
Dit proefschrift was er nooit gekomen zonder duwen en trekken. Een groot aantal mensen 

heeft in de afgelopen vijfjaar deze wagen helpen duwen dan wel trekken en dankzij hen heeft 

de wagen zijn bestemming bereikt. Ik wil dan ook graag deze harde werkers bedanken. 

Op de bok zaten Monique Frings-Dresen, Allard van der Beek, Frank van Dijk en Luc 

van der Woude. Zij leerden mij het op tijd inzetten van de bochten en het nemen van de 

hindernissen en waren altijd bereid het vuile werk op te knappen wanneer de wagen uit de 

modder moest worden getrokken. 

Beste Monique, zonder jouw positieve en overzichtelijke kijk op het opzetten en 

organiseren van dergelijk omvangrijke onderzoeksprojecten had ik het niet getrokken. Je gaf 

me een duw wanneer dat nodig was, maar je was ook alert op overbelastingsverschijnselen in 

drukke (meet)perioden. Ik heb het zeer gewaardeerd dat je me altijd bleef pushen in mijn 

ontwikkeling tot volwaardig onderzoeker. Bedankt voor de vrijheid die je me gaf, voor je 

adviezen, bezorgdheid, kritiek, gezelligheid, inzet, optimisme, vertrouwen, tips, chips en 

pinda's! 

Beste Frank, er zijn maar weinig mensen met zoveel passie en enthousiasme voor het 

vakgebied Arbeid en Gezondheid. Veel heb ik opgestoken van onze discussies, jouw kennis 

van epidemiologie en jouw tips en verhalen in de - speciaal voor jou - extra brede kantlijn 

van de manuscripten. 

Beste Luc, je betrokkenheid bij het onderzoek bleef niet beperkt tot het biomechanische 

experiment en die 25 ritjes naar het AMC. Jouw opmerkingen en gedachten waren altijd 

essentieel en to-the-point. Ik ben je dankbaar voor alle energie die je gestoken hebt in het op 

gang houden van het 'schoudergedeelte'. Bedankt voor je steun aan zowel het onderzoek als 

de onderzoeker(s). 

Beste Allard, het duwen en trekken is ook jouw kindje (alleen niet zo lief als Sacha). 

Ondanks de wisselende fysieke afstanden heb je mij van A tot Z met volle inzet begeleid en 

heb je er voor gezorgd dat de begeleiding niet onder de afstanden en bijkomende perikelen 

heeft geleden. Met veel plezier kijk ik terug op het 'bomen' over de modellen ('never marry a 

model'), krachten, tabellen, epidemiologische biomechanica of biomechanische 

epidemiologie (?) en bootstrappen. Bedankt voor de vele puntjes op welke i dan ook, met de 

grote lijnen van Monique een perfecte combinatie voor een goed resultaat. Onze enige 

weddenschap kostte ons beiden een fles wijn met als gevolg dat de fysieke afstand weer 

verkleind is. Hopelijk is de afstand klein genoeg om de prettige samenwerking voort te zetten. 

Monique en Allard, nog bedankt voor al jullie verloren weddenschappen en voor de 

kratjes bier en gezellige vrijdagmiddagborrels die daaruit voortkwamen. 

De initiële en volhoudkrachten op de wagen zijn voornamelijk geleverd door stagiaires, 

onderzoeksassistenten en collega's. De initiële krachten zijn geleverd (en onderzocht) door 
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Nathalie Donders, die de eerste pilot experimenten heeft uitgevoerd. Tineke Piersma en 

Nienke van der Meulen hebben een belangrijke bijdrage geleverd aan de observaties bij 

RailTender en op de veilingen en aan de productieve kubelmetingen in Limmen. Bovendien 

wisten ze nog een aanzet te geven tot het bootstrappen. De strak geplande schema's van Jitske 

Groothausen zorgden ervoor dat we samen dag en nacht de verpleging in de verpleeghuizen 

achterna liepen. Jitske werd opgevolgd door Jeroen Jansen, zodat ook de vervolg vragenlijsten 

van de verpleeghuizen konden worden binnengehaald. Door het combineren van projecten 

hebben Judith Sluiter en Paul Kuijer er voor gezorgd dat de onderzoekspopulatie kon worden 

uitgebreid met respectievelijk veilingmedewerkers, waarvoor Judith nog aanvullende 

observaties heeft verricht, en huisvuilbeladers. Jorrit Jansen, Janneke Brouwer en Marlies 

Witjes hebben de vele metingen bij PTT Post verricht. Daarnaast heb ik bij het verwerken van 

vragenlijsten en data, en het produceren van rapporten hulp gekregen van Nathalie, Tineke, 

Jitske, Jorrit, Marlies, Josien Coppoolse, Floor Frings, Annieck Rieken en Marianne Six 

Dijkstra. Ik wil jullie allemaal bedanken, niet alleen voor het binnenhalen van de data maar 

vooral ook voor de gezellige tijd! 

Alle bewoners van het 'duurste straatje van Nederland' wil ik bedanken voor hun niet te 

onderschatte bijdrage: Paul Kuijer, Idsart Kingma, Jorrit Jansen, Jaap van Dieën, Dirk Jan 

Veeger, Luc van der Woude en in het bijzonder Wiebe de Vries. Wiebe, je hebt enorm veel 

(reken)tijd en energie gestoken in het schoudermodel. Bedankt hiervoor! 

Henk van der Molen, Lex Burdorf en Svend Erik Mathiassen wil ik bedanken voor hun 

bijdrage. Henk, dankzij Arbouw was mijn vijfde dag ook gevuld. Dank hiervoor en veel 

succes met je eigen boekje. Beste Lex, het (zwabberende) lijntje Rotterdam-Amsterdam heeft 

ervoor gezorgd dat jouw bijdrage - gelukkig - niet beperkt is tot de twee co-auteurschappen. 

Ik heb veel van je geleerd en eigenlijk was je als de 'vijfde Beatle' bij het project betrokken. 

Zoals je zelf al hebt gezegd, ik heb erg prettig met je samengewerkt en hopelijk valt er in de 

toekomst nog meer samen te werken. Hej Svend Erik, thanks for sharing your analytical 

views on exposure assessment, bootstrapping and beer. 

Een bijzonder dankjewel gaat naar alle medewerkers van het Coronel Instituut. Dankzij 

jullie steun en gezelligheid heb ik mij op het AMC elke werkdag thuis gevoeld! Ik noem geen 

namen, maar Paul... bedankt! Een betere kamergenoot kan ik me niet voorstellen. Je hebt me 

niet alleen overal uit getrokken maar ook in geduwd en zelfs naar boven geduwd! Weten we 

nu waar P. Paul F.M. voor staat: Paranimf Paul for Marco. 

Ook wil ik nog de medewerkers van de mechanische werkplaats van het AMC 

bedanken. Dankzij jullie inventiviteit en constructies konden we overal duw- en trekkrachten 

meten. 

Praktijk gericht onderzoek kan niet zonder de praktijk. Ik wil dan ook alle bedrijven en 

medewerkers die op welke manier dan ook een bijdrage aan het onderzoek hebben geleverd 
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van harte bedanken! Een bedankje vooral aan die mensen die een hele werkdag piepend 

achterna zijn gezeten en daardoor nog nooit zo hard hebben gewerkt terwijl het nog nooit zo 

rustig was. Ik hoop dat de uiteindelijke resultaten een bijdrage kunnen leveren aan de 

verbetering van jullie arbeidsomstandigheden. 

Als de wagen niet geduwd of getrokken wordt is de onderzoeker thuis. Familie, 

vrienden en kennissen hebben niet alleen voor de broodnodige afleiding gezorgd, geregeld 

vroegen ze of ik al afgestudeerd was en of mijn werkstuk dan wel scriptie al afwas. Bedankt 

voor jullie belangstelling en steun! 

Lieve Jeroen en Merel, jullie zijn nog jullie eigen wagen aan het trekken. Hopelijk 

komen jullie niet veel hindernissen meer tegen en staan jullie binnenkort zelf in de Aula. 

Leuk, Jeroen, datje naast me staat. Houd je in ieder geval de paranimfen op lengte. 

Lieve Pa en Ma, mijn trouwste supporters, sponsors en fanclub. Bedankt, niet alleen 

voor jullie belangstelling, steun en liefde, maar eigenlijk voor alles! 

Dat het Coronel Instituut zorgt voor meer dan alleen werk is weer gebleken. En jij, lieve 

Selma, jij zorgt voor iets waar geen promotie aan kan tippen: ontzettend veel liefde! 

Santpoort-Noord, 3 augustus 2001 
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