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Chapter 5 

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 ' . 

cknowledgements 
'se authors would like to thank TNO Work and Employment for advice and application of 

s Dutch Musculoskeletal Questionnaire. Josien Coppoolse, Floor Frings, Jitske 

oothausen, Jorrit Jansen, Paul Kuijer, Nienke van der Meulen, Tineke Piersma, Annieck 

I icken, Marianne Six Dijkstra, Judith Sluiter and Marlies Witjes are greatly acknowledged 

>r data collection and processing. Part of the data was collected and processed in co-

leration with the Department of Public Health, Erasmus University Rotterdam. 

155 





.3 

epilogue 



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 

159 

file:///verage


Chapter 5 

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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