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Objectives  Low-back and shoulder complaints were examined in relation to self-reported and objectively
assessed exposure to work-related pushing and pulling.

Methods Workers from several companies (eg, nursing homes and flower auctions) with pushing and pulling
tasks and, as reference, workers without physically demanding tasks were invited to participate. Altogether 829
workersinitialy received a questionnaire, of whom 459 responded both initially and after 1 year of follow-up.
Initially, self-reported exposure to pushing and pulling was assessed by questionnaire. Furthermore, arepresent-
ative sample of 131 workers was observed at work using TRAC (task recording and analysis on computer) to
assess exposure to pushing and pulling objectively. For exposure to pushing and pulling, the workers were
classified into a reference group and medium and high exposure groups. Initially and in the follow-up, the 12-
month prevalence of low-back and shoulder complaints was assessed. Complaints reported in the follow-up were
separately used as dependent variables to calculate prevalence rate ratios (PR) in a Cox's proportional hazard
regression analysis.

Results The adjusted PR values were not significant for low-back complaints. For shoulder complaints, both
the medium and high exposure groups showed significant adjusted PR values for self-reported exposure and
observed duration of pushing and pulling when compared with the reference group (PR range 2.18-4.86). For the
observed frequency of pushing and pulling, only the medium exposure group showed a significant PR, of 3.95.

Conclusions  The findings suggest a rather strong relationship between pushing and pulling and shoulder
complaints. The evidence for arelationship between pushing and pulling and low-back complaintsis limited.

Key terms longitudina study, low-back pain, materials handling, observation, occupational exposure, prospec-

tive study, questionnaire, regression analysis, shoulder pain.

Manual handling of materials is a daily routine activity
for a substantial number of workers. Generally, these
workers run a considerable risk of developing muscu-
loskeletal complaints. Recent reviews of the epidemio-
logic literature indicate a relation between manual ma-
terials handling and low-back complaints (1, 2). For
shoulder complaints the association is less consistent (3,

4). It can be argued whether these associations apply to
both the lifting and carrying and the pushing and pull-
ing of loads, which are estimated to be equally frequent
techniques in manual materials handling (5) but which
are essentially different from a mechanical perspective.
Lifting loads has been extensively studied and was
found to be consistently related to low-back complaints
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(6). The risk of musculoskeletal complaints related to
pushing and pulling is less well documented (7). Of al
back strain and pain, 9-18% was found to be associat-
ed with pushing and pulling (8, 9). Several other cross-
sectional studies have reported an association between
pushing and pulling and low-back complaints (10-14).
An association between pushing and pulling and shoul -
der complaints has been reported by van der Beek et al
(23) and Hughes et al (15) only. Thus the evidence for
a (causal) relationship between pushing and pulling and
low-back or shoulder complaints is not conclusive,
mainly because only cross-sectional designs have been
used.

Prospective study designs are less susceptible to bias
than with cross-sectional designs and can be considered
the next step in identifying pushing and pulling as arisk
factor for musculoskeletal complaints (7, 16). The cau-
sality of the relation can be further explored by estab-
lishing an exposure-response relationship. Thismay also
provide a scientific basis for the development of ergo-
nomic adjustments of pushing and pulling tasks to pre-
vent musculoskeletal complaints. To this end, an ade-
guate assessment of exposure is essential (17, 18). Ex-
posure is usually defined by job title only or by using
self-administered questionnaires. However, self-report-
ed exposure may result in misclassification of exposure
and an attenuation of the association with musculoskel-
etal complaints in case the misclassification is nondif-
ferential (19). Hence exposure to pushing and pulling
should be assessed at a sufficient level of detail, with
the use of objective measurement methods where pos-
sible (18).

The current prospective cohort study was performed
among workers with mainly work-related pushing and
pulling tasks and a reference group that was not in-
volved in physically demanding work. The objective
was to study low-back and shoulder complaintsin rela-
tion to self-reported and objectively assessed exposure
to pushing and pulling.

Subjects and methods

Design and study population

A 1-year prospective cohort study of male and female
workers was initiated in 1997. Relatively large compa-
nies and institutions, for which it was known that push-
ing and pulling were common activities, were ap-
proached to participate in the study. Companies were
selected for participation after approval of the manage-
ment and after a visual inspection at the workplace to
insure that pushing and pulling were prominent activi-
ties. Eventually, a rail catering company that provides
food and drinksin trains, two nursing homes, two flower
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auctions, a distribution center of the Dutch postal serv-
ices, and alarge group of refuse collectors from several
small companies were included in the study. (See also
the appendix.) Workers were invited to participate only
if they held a permanent job. Furthermore, within each
company, two groups of workers were included. First,
workers who regularly performed pushing and 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 of the participants were requested to complete a
questionnaire twice, with a follow-up period of 1 year.
The first questionnaire was presented to 829 employ-
ees. If the response rate was low, the employees were
approached at work, and in some cases they were as-
sisted in completing the questionnaire. Initially, 629
(76%) questionnaires were completed. At thetime of the
follow-up, 38 participants were no longer employed by
the company and were not available. Of the remaining
591 participants, 459 (78%) returned the follow-up
guestionnaire. (Detailed information is also presented in
the appendix.)

Assessment of independent variables

Exposure to pushing and pulling was subjectively as-
sessed initially using the Dutch musculoskeletal ques-
tionnaire (DMQ) (20-22), in which the question was
asked whether pushing or pulling atotal weight over 50
kilograms was a frequent activity. The answerswere as-
sessed on a 4-point scale (seldom or never, sometimes,
often, very often). For each exposed and reference group
within each company the percentage of workers scor-
ing within a category of the 4-point scale was calculat-
ed. The percentage per category was multiplied by 1 for
the seldom or never category to 4 for the very often cat-
egory. Hence, a score of 100 was awarded to the ex-
posed and reference groups within each company if they
had a 100% score within seldom or never, and a score
of 400 was given to groups with a 100% score within
the category very often. Next, the exposed and refer-
ence groups within each company were categorized into
three exposure groups. The initially selected groups of
workers without physically demanding tasks, included
as the reference group, had a score below 200 points.
Furthermore, the groups of workers exposed to pushing
and pulling were categorized into a medium exposure
group (200-299 points) and a high exposure group
(300400 points). For detailed information concerning
the categorization of the exposed and reference groups
within each company the reader is referred to the ap-
pendix.

A representative sample of workers from each com-
pany was also systematically observed initialy at their



workplace using TRAC (task recording and analysis on
computer) software (23). Of the workers exposed to
pushing and pulling, 92 were observed [68 men, 24
women, mean age 38.1 years (SD 10.1)]. Of the refer-
ence group 39 workers were observed [21 men, 18 wom-
en, mean age 38.8 years (SD 9.7)]. Each selected work-
er exposed to pushing and pulling was followed by two
observers for approximately a full workday. The work-
ersin the reference group were observed for half aday.
Preceding the observations, the participating observers
were trained to improve inter- and intraobserver relia-
bility. During a week of intense training, the percent-
age of agreement and the Cohen’s kappa between and
within observers were assessed for all the variables. At
the end of the training period, it was insured that all the
variables had a percentage of agreement of at |east 80%
and a Cohen'’ s kappa of at least 0.50, which is acknowl-
edged as an acceptable standard of observer reliability
(24). The tasks, activities, and materials handled were
observed continuously by one of the observers. Activi-
ties were divided into lifting, carrying, pushing, pull-
ing, standing, sitting, walking, and kneeling. Work pos-
tures (ie, trunk flexion, trunk rotation and lateroflexion,
and arm elevation) were recorded every 15 seconds by
the other observer. For each of the exposed and refer-
ence groups within each company the average exposure
to activities and postures was calculated using the ob-
servation data and company specific information such
as work schedules and job rotation. A group strategy
was used [ie, each worker in the exposed and reference
groups within each company was modeled to have the
same exposure, which was defined as the daily frequen-
cy (times per day) of activities and the duration (sec-
onds per day) of activities and work postures]. For the
frequency, as well as the duration, the results for push-

Hoozemans et al

ing were added to those for pulling and categorized into
areference group, medium exposure group, and high ex-
posure group. Again, the reference group consisted of
the original reference population. To classify the medi-
um and high exposure groups, a cut-off point was cho-
sen based on a natural boundary (ie, the contrast in the
observed frequency or duration between two successive
companies had to be relatively large) and on arelative-
ly equal division in the number of workers. The demo-
graphic characteristics of the exposure groups are pre-
sented in table 1 according to the self-reported expo-
sure to pushing and pulling and on the observed frequen-
cy and duration of pushing and pulling.

Recent reviews on risk factors for low-back and
shoulder complaints were screened for potential con-
founders or effect modifiers in the association between
pushing and pulling and low-back or shoulder com-
plaints (1-4, 6, 25-28). Working behind acomputer dis-
play, driving vehicles, lifting or carrying loads, trunk
flexion (>20 degrees), trunk rotation and lateroflexion,
and elevation of one or both arms (>60 degrees) were
assessed by observation at the workplace and consid-
ered to be potential confounders. The work postures
were quantified as the daily time spent in these postures.
The daily time spent in these postures while pushing,
pulling, or lifting was subtracted from the total timein
the work postures to estimate eventually the effect of
posture independently of pushing, pulling, or lifting. For
the analyses, these variables were dichotomized into low
and high exposure. Again, cut-off points were chosen
based on arelatively large natural boundary between the
frequencies of the concerning variable of successive
companies and on a relatively equal division in
the number of workers. Gender, age, level of education
(as indicator of socioeconomic status), and years of

Table 1. Number of respondents (male and female) in both the baseline examination and the 1-year follow-up of the questionnaire
survey, age, employment in current job, and the number of workhours for the three exposure groups of self-reported exposure to
pushing and pulling and the observed frequency and duration of pushing and pulling.

Pulling and pushing Men Women Age (years) Employment in current job (years)  Workhours per week
(N) (N) Mean SD Mean SD Mean SD
Self-reported exposure
Reference group 64 76 416 8.8 11.9 6.9 34 10
Medium exposure group 91 106 393 93 9.6 6.7 33 11
High exposure group 102 11 413 88 13.9 8.0 38 3
Observed frequency
Reference group 64 76 41.6 8.8 11.9 6.9 34 10
Medium exposure group 46 109 401 9.2 11.2 7.1 31 9
High exposure group 147 8 400 9.1 11.2 7.8 38 9
Observed duration
Reference group 64 76 41.6 8.8 11.9 6.9 34 10
Medium exposure group 70 100 39.7 93 10.1 6.6 34 10
High exposure group 123 17 405 9.0 125 8.2 36 8
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employment were individually assessed using the base-
line 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
the judgment of work (29). The individua’s exposure
to the psychosocial factors was dichotomized into low
and high exposure using the population’s median level
as the cut-off point.

Assessment of dependent variables

Initially and at the follow-up the participants were re-
guested to complete a Dutch translation of the Stand-
ardized Nordic Questionnaire (30). The question of
whether the participant had experienced trouble (ache,
pain, discomfort) during the last 12 months was used to
determine the 12-month prevalence of complaints. The
12-month prevalences of low-back and shoulder com-
plaints reported at the time of the follow-up were sepa-
rately used as dependent variables in the analyses.

Analyses and statistics

Prevalencerate ratios (PR) and corresponding 95% con-
fidence intervals (95% CI) were calculated using Cox’s
proportional hazards regression analysis with a constant
risk period to study the relation between pushing and
pulling and the 12-month prevalence of low-back and
shoulder complaints at the time of the follow-up. The
crude prevalence rate ratios between the groups with
medium and high exposure to pushing and pulling and
the reference group were calculated for the self-report-
ed exposure and the observed frequency and duration
of pushing and pulling.

With the use of multivariate analyses, prevalence
rate ratios were adjusted for confounding and effect
modification. To prevent collinearity, correlation coef-
ficients between the independent variables were calcu-
lated. Working behind a computer display was highly
(negatively) correlated with all the exposure measures
of pushing and pulling with absolute correlation coeffi-
cients above 0.8. Driving vehicles was highly (positive-
ly) correlated with the observed frequency of pushing
and pulling. These variables were subsequently omitted
from the epidemiologic models. Each of the remaining
independent variables was screened separately for con-
founding. The prevalence rate ratios were a priori ad-
justed for gender and age, with age defined as a contin-
uous variable (years). If the prevalence rate ratio for
pushing and pulling, adjusted for gender and age,
changed more than 10%, the included variable wasiden-
tified as a confounder and included in the multivariate
model. Only carrying loads and educational level
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appeared to affect the prevalence rate ratios for low-
back complaints and shoulder complaints, respectively.

The 12-month prevalences of low-back and shoul-
der complaints reported initially were also examined for
confounding and effect modification. For al the meas-
ures of exposure, the complaints reported initialy af-
fected the prevalence rate ratios for complaints report-
ed at the time of the follow-up. Interaction between
complaints reported initially and exposure to pushing
and pulling was separately examined for effect modifi-
cation and was significant in all the analyses with shoul -
der complaints. Therefore, it was decided to include both
theinitial complaints and the interaction with exposure
to pushing and pulling in the multivariate model, for
both low-back and shoulder complaints, to estimate the
contribution of exposure to pushing and pulling to com-
plaints reported at the time of the follow-up controlled
for complaints reported initially.

All the statistical analyses were performed with ver-
sion 9.0.0 of the SPSS (Statistical Package for the So-
cia Sciences), and asignificance level of 5% was used.

Nonresponse analysis

Of the 459 participants who returned the follow-up ques-
tionnaire, 11 retired or became unemployed. Multivari-
ate nonresponse analyses were used to identify factors
associated with losses to follow-up (31). Generally, the
female participants and participants who were employed
for alonger period of time were more likely to respond.
The 12-month prevalences of both low-back and shoul-
der complaints at the beginning of the study were not
associated with losses to follow-up.

Results

Observed exposure to pushing and pulling

Table 2 presents the mean and range for the observed
frequency (times per day) and duration (seconds per
day) of pushing and pulling, categorized into three ex-
posure groups. The highest values for frequency, up to
an average of 1000 pushing and pulling actions per day,
were observed for the refuse collectors and workers of
the postal distribution center. Workers of the postal dis-
tribution center and the rail catering company pushed
and pulled for the largest part of the workday (about
20%). For detailed information at the company level the
reader is referred to the appendix.

Pushing and pulling in relation to low-back complaints

Table 3 presents the crude and adjusted prevalence rate
ratios for the 12-month prevalence of low-back



complaints at the time of the follow-up. With respect to
the observed frequency, a significantly increased crude
prevalence rate ratio was found only for the medium
exposure group (PR 1.39, 95% CI 1.00-1.94). For the
observed duration of pushing and pulling, the medium
exposure group had amarginally significant crude prev-
alencerateratio (PR 1.36, 95% CI 0.98-1.89). None of
the adjusted prevalence rate ratios for the low-back com-
plaints at the time of follow-were significantly in-
creased. Of the confounding factors, the 12-month prev-
alence of low-back complaints at the beginning of the
study had a significantly increased prevalence rate ra-
tio of nearly 4 for low-back complaints at the time of
follow-up for all the definitions of exposure.

Pushing and pulling in relation to shoulder complaints

The crude prevalence rate ratios for shoulder complaints
were significantly increased for self-reported exposure
in the high exposure group and for the observed frequen-
cy and duration in the medium exposure groups (table
4). The adjusted prevalence rate ratios were significantly
increased for both the medium and high exposure groups
with respect to the self-reported exposure to pushing and
pulling, with prevalence rate ratios of 2.90 and 4.86,
respectively. For the observed frequency, only the me-
dium exposure group had asignificantly increased prev-
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alence rate ratio (PR 3.95, 95% CI 1.56-9.96). For the
observed duration, both the medium and high exposure
groups had a significantly increased adjusted prevalence
rate ratio. The prevalence rate ratio for the medium ex-
posure group was 3.33 (95% Cl 1.32-8.36), and for the
high exposure group it was 2.67 (95% CI 1.01-7.07).
Furthermore, the effect of including shoulder complaints
at the beginning of the study in the multivariate model
was substantial. Both confounding and effect modifica-
tion appeared to be present. For the present analyses,
therefore, the presented prevalence rate ratios for expo-
sureto pushing and pulling are valid for the participants
initially without shoulder complaints. For the partici-
pants with shoulder complaints initially, the risk
of pushing and pulling differs and can be calculated by

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 and pulling.

Group Observed frequency Observed duration

Mean (times/ Range  Mean (seconds/ Range

day) day)
Reference 16 0-44 131 0-310
Medium exposure 135 88-234 1344 783-2599
High exposure 741 464-982 4139 3520-5098

Table 3. Relation between low-back complaints and exposure to pushing and pulling. Confounding factors and effect modifiers with
corresponding prevalence rate ratios are presented when included in the regression model. Gender and age were forced into the model
a priori. Age was entered into the model as a continuous variable. (PR = prevalence rate ratio, Adj = adjusted, 95% CI = 95% confidence
interval)

Self-reported exposure Observed frequency Observed duration

Crude PR 95% CI AdjPR 95% Cl Crude PR 95% ClI ~ AdjPR 95% Cl Crude PR 95% ClI  AdjPR 95% CI

Group
Reference 1.00 - 1.00 - 1.00
Medium exposure 122 0.88-1.68 1.53 0.76-3.09 1.39
High exposure 129 0.90-1.84 1.74 0.82-3.70 1.10
Confounding factors

. 1.00 - 1.00
1.00-1.94 172 0.81-3.62 1.36
0.78-1.55 152 0.74-3.08 1.10

. 1.00-
0.98-1.89 1.23 0.57-2.63
0.77-1.57 1.97 0.97-3.98

Gender

Men . . 1.00 . . 1.00 . . 1.00

Women 1.02 0.75-1.38 0.93 0.66-1.29 1.02 0.75-1.37
Age (years) 0.99 0.98-1.01 0.99 0.98-1.01 0.99 0.98-1.01

Carrying loads
Group with low exposure . . 1.00 . . 1.00 . . 1.00
Group with high exposure 1.26 0.86-1.85 1.34 0.92-1.97 1.26 0.88-1.81
Low-back complaints at baseline
No low-back complaints . . 1.00 . . 1.00 . . 1.00
Low-back complaints 3.852.04-7.28 3.86 2.04-7.30 3.852.03-7.28
Effect modification
Exposure x low-back complaints
in the baseline survey
Medium exposure x low-back -
complaints
High exposure x low-back
complaints

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
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Table 4. Relation between shoulder complaints and exposure to pushing and pulling. Confounding factors and effect modifiers with
corresponding prevalence rate ratios are presented when included in the regression model. Gender and age were forced into the model
a priori. Age was entered into the model as a continuous variable. (PR = prevalence rate ratio, Adj = adjusted, 95% CI = 95% confidence
interval)

Self-reported exposure Observed frequency Observed Duration

Crude PR 95% Cl AdjPR 95%Cl Crude PR 95% Cl AdjPR 95% Cl Crude PR 95% CI AdjPR 95% CI

Group
Reference 1.00 - 1.00 - 1.00 - 1.00 - 1.00 - 1.00 -
Medium exposure 140 0.90-2.17 2.90 1.17- 7.16 205 1.33-3.16 3.95 1.56- 9.96 1.89 1.23-2.91 3.33 1.32- 8.36
High exposure 220 1.41-345 486 1.85-12.79 136 0.85-2.15 2.18 0.82- 5.79 1.47 0.92-2.33 2.67 1.01- 7.07
Confounding factors
Gender
Men - - 1.00 1.00 - - 1.00
Women . - 1.26 0.85- 1.89 0.92 0.60- 141 - - 1.05 0.71- 1.55
Age (years) 1.00 0.98- 1.02 1.00 0.98- 1.02 - - 1.00 0.98- 1.02
Education
High - - - 1.00 - - 1.00
Low . - - 1.21 0.83- 1.77 - - 1.16 0.80- 1.68
Shoulder complaints at baseline
No shoulder complaints . - 1.00 1.00 - - 1.00

Shoulder complaints 10.79 4.39-26.55
Effect modification

Exposure x shoulder complaints

at baseline
Medium exposure x shoulder - 0.31 0.11- 0.89
complaints
High exposure x shoulder 0.26 0.09- 0.77
complaints

11.384.61-28.08 - 11.044.48-27.22

0.26 0.09- 0.75 - 0.30 0.11- 0.87

0.37 0.13- 110 - 0.35 0.12- 1.04

multiplying the prevalence rate ratio for pushing and
pulling x the prevalence rate ratio for effect modifica-
tion. For instance, for the observed frequency of push-
ing and pulling the participants of the medium exposure
group without shoulder complaintsinitially had a prev-
alence rate ratio of 3.95. However, the participants of
the medium exposure group who reported shoulder com-
plaintsinitially had a prevalence rate ratio of 1.03 (3.95
% 0.26). For al the exposure groups and all the expo-
sure measures the preval ence rate ratios changed to val-
ues between 0.81 and 1.26 when the participantsinitially
reported shoulder complaints. However, these partici-
pants were found to have a prevalencerate ratio of 11.38
for reporting shoulder complaints again in the 1-year fol-
low-up when compared with the participants who did
not report shoulder complaintsinitially.

Discussion

The objective of the present longitudinal study was to
examine the relations of subjectively and objectively
assessed exposure to pushing and pulling to low-back
and shoulder complaints after 1 year. Significant prev-
alencerateratios for exposure to pushing and pulling in
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relation to low-back complaints were not found. How-
ever, pushing and pulling appeared to be significantly
related to shoulder complaints.

To our knowledge, the relation between pushing and
pulling and musculoskeletal complaints has not been
explored longitudinally. Significant associations report-
ed in cross-sectional studies mainly point to the low-
back region as being at risk (10-13). This finding
could only tentatively be confirmed by our study.
Hughes et al (15) found no association with low—
back complaints, but they demonstrated an association
with shoulder complaints in an univariate analysis. van
der Beek et a (13) reported a significant odds ratio of
2.0 (90% CI 1.1-3.7) for shoulder complaints among
truck drivers who frequently pushed and pulled wheeled
cages in comparison with truck drivers who performed
hardly any loading or unloading activities. The preva-
lence rate ratios found by us were substantially higher.
The characteristics of the population under study may
in part explain the differencesin the results. A relative-
ly large contrast in exposure to pushing and pulling
between the exposure and reference groups was ob-
tained through the selection of the companies and
workers (table 2). This contrast may reveal the specific
risk of pushing and pulling, also because significant oth-
er risk factors for low-back and shoulder complaints,



such aslifting and carrying, were rarely present or were
even absent.

One of the work-related risk factors for shoulder
complaints, working behind a computer display, ap-
peared to be highly correlated with exposure (ie, work-
erswho push and pull do not work behind computer dis-
plays). Because of this high correlation with exposure,
working behind a computer display could not be entered
into the regression model to account for the potential
confounding effect of thisfactor. Asaresult, prevalence
rate ratios for shoulder complaints could even be under-
estimated considering the fact that the prevalence of
shoulder complaints may have been relatively increased
in the reference group because of work behind compu-
ter displays (3). The prevalence of complaintsin the ref-
erence group may also have been relatively high because
of the relocation of workers who have developed com-
plaints from jobs that are physically demanding to jobs
without any physical activities.

The reference group showed somewhat lower prev-
alences at thetime of the follow-up when compared with
the initial values for both low-back and shoulder com-
plaints. This finding may be the result of a tendency to
overreport complaints in an earlier stage in the first
questionnaire or to an unmotivated completion of the
second questionnaire (test effect). It is expected that
such occurrences would not affect the prevalence rate
ratios because this type of bias can be considered non-
differential. Considering the present attention to the de-
sign of work environments, another explanation may be
that ergonomic interventions by companies have proved
to be effective. Unfortunately, none of these hypothe-
ses could be confirmed by the results of our question-
naire survey.

Selection of the study population was further stud-
ied in nonresponse analyses. Unfortunately, the charac-
teristics of the workers who did not respond to the first
questionnaire could not be retrieved and may have bi-
ased the selection of the population. At the time of the
follow-up, workerswho did not respond did not substan-
tially differ from the respondents. The 12-month preva-
lences of both low-back and shoulder complaints were
not associated with losses to follow-up. However, the
study population can be considered relatively old (about
40 years on the average) and workers employed for a
longer period of time are more likely to respond at fol-
low-up. Furthermore, the highest prevalence rate ratios
for shoulder complaints (table 4) were observed in the
medium exposure groups. An explanation for these re-
sults may be found in the healthy worker selection ef-
fect (32, 33). Punnett (34) suggested it to be the most
likely cause of bias in estimates of the risk for muscu-
loskeletal complaints and concluded that the healthy
worker effect acted differentially between high and low
exposure groups. Before the start of our study, the
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(objectively) high exposure group may have becomerel-
atively healthy and less susceptible to the development
of musculoskeletal complaints, caused by either selec-
tion at the start of employment or the dropout of work-
ers susceptible to complaintsin the course of early years
of employment (35). The selection may have been less
pronounced in the medium exposure group, which re-
mained susceptible to complaints. As aresult, relative-
ly higher prevalences and prevalence rate ratios can be
observed in the medium exposure groups compared with
the high exposure groups. Furthermore, the healthy
worker effect is suggested to be influenced by gender
and socioeconomic status (32, 33, 36). In our study, an
overrepresentation of women (nursing home) was ob-
served in the medium exposure group, and the level of
education was identified as a confounder. Both could
also have affected the relative health status of the study
population at the start of the study and may have attrib-
uted to an exposure-response relationship not being
found between the observed frequency and duration of
pushing and pulling and shoulder complaints.
Exposure was assessed both subjectively and objec-
tively. To obtain relatively unbiased estimates of risk,
we used a group-based exposure assessment strategy
(17, 37). Each individual within each of the exposed or
reference groups within each company was assumed to
be equally exposed. These subgroups were categorized
into three exposure groups. The group strategy reduces
precision, but misclassification of exposure and, there-
fore, attenuation of the risk ratio is usually prevented
(19, 37). However, differences in the results found be-
tween the analyses using self-reported exposure and
objectively observed exposure are striking. For self-re-
ported exposure and shoulder complaints a clear dose-
response relationship was observed. But, as already stat-
ed, for the observed frequency and duration of pushing
and pulling the medium exposure groups were found to
have the highest prevalence rate ratios for shoulder com-
plaints. The validity and reliability of the on-site obser-
vations was expected to be sufficient. The observers
were intensively trained beforehand, and the frequency
and duration of the activities were found to be quantifi-
able with areasonable level of accuracy (24, 38). There-
fore, in our study, some groups of workers that were
objectively highly exposed classified themselves as sub-
jectively mediumly exposed and some groups of work-
ers that were objectively mediumly exposed classified
themselves as subjectively highly exposed. For the ob-
jective exposure measures it is expected that, through
the application of grouping variables and the methods
used for exposure assessment, the misclassification re-
mained nondifferential. If the objectively assessed ex-
posure is considered to be the actual exposure, then the
classification methods used for the self-reported expo-
sure may have been differentially biased. Some authors
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have stated that subjects with back pain may overesti-
mate their physical work load relative to those without
back pain (2), although others found no evidence for this
type of information bias (39). Viikari-Juntura et al (40)
reported lower correlations between self-assessed and
observed exposure for workers with severe low-back
pain in comparison with workers without low-back pain.
Workers with severe low-back pain were found to over-
estimate their exposure. However, in our study, expo-
sure was assessed initially and complaints were record-
ed at the time of follow-up; in other words, workers who
reported complaints overestimated their exposure 1 year
earlier. An explanation for thisfinding may be found in
the episodic characteristics of musculoskeletal com-
plaints. It may be that workers who reported complaints
at the time of the follow-up experienced (minor) epi-
sodes of complaints in the years before the study initi-
ated.

In addition to the assessment of exposure, the assess-
ment of complaints should also be considered when the
results areinterpreted. Basically, in two succeeding sur-
veys the participants had to recall the occurrence of ex-
periencing complaints in the past year. The reported
prevalences may have therefore been inaccurate, but it
is expected that such inaccuracy would lead to an un-
derestimation of the prevalence rate ratios (41). Further-
more, given the episodic characteristics of musculoskel-
etal complaints, we decided not to restrict the analyses
to participants without initial complaints, but to adjust
for the 12-month prevalence at the beginning of the
study. All the participants that had responded at both
the beginning and end of the study were included, and,
therefore, the selection of participants who were less
susceptible to developing complaints was prevented. It
may be seriously argued whether the muscul oskeletal
complaints reported by the participantsinitially without
prior complaints can be considered new events (inci-
dence) (16, 42). In this perspective, it may not be ap-
propriate to estimate arisk ratio in terms of relative risk.
Therefore, adjusted prevalence rate ratios were calcu-
lated using Cox’ s regression analyses, al so because cal-
culating odds ratios by logistic regression is questiona-
ble when the prevalence of complaintsisrelatively high
(43-45). It should be noted, however, that the confi-
denceintervals estimated by Cox’s regression were ex-
pected to be too wide (45).

In al the analyses effect modification by the 12-
month prevalence at baseline and exposure to pushing
and pulling was found to be significant, and, therefore,
they were included in the multivariate model. The sig-
nificantly protective prevalence rate ratios for effect
modification (table 4) affect the prevalence rate ratios
of both exposure to pushing and pulling and initially
reported shoulder complaints. If shoulder complaints
were present at the beginning of the study, the present-
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ed prevalence rate ratios for exposure to pushing and
pulling change to values between 0.81 and 1.26. The
prevalence rate ratios for initial shoulder complaints
change to values between 2.83 and 4.21, dependent on
the exposure category. Stratified analyses for groups
with and without initial shoulder complaints resulted in
comparable results.

In conclusion, the findings of the present study sug-
gest a rather strong relationship between pushing and
pulling and shoulder complaints. The evidence for are-
lationship between pushing and pulling and low-back
complaints was limited, partly because conservative re-
gression analyses were used. Given the episodic nature
of musculoskeletal complaints and the relatively short
follow-up period, it is difficult to establish the causality
of the relation. The results of our study suggest that the
risk of pushing and pulling should be further studied
among relatively young and newly contracted workers.
Periods with and without complaints should be regis-
tered in the course of the follow-up, while, at the same
time, the exposure is monitored, as has been suggested
by Eisen (42) and Riihimaki (16). Finally, to apply ef-
fective ergonomic interventions with respect to pushing
and pulling at work, more epidemiologic information is
needed of the consequences of aspects of pushing and
pulling (eg, handle height and cart weight) (7, 46).
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Appendix

Detailed company-level information on the response to the questionnaire survey, number of male and female partic-
ipants, prevalences (%) of low-back and shoulder complaints in the baseline and follow-up surveys, distribution of
companies over exposure categories (1 = reference group, 2 = medium exposure group, 3 = high exposure group),
and the actual mean frequency (times per workday) and duration (seconds per workday) of manual materials han-
dling

Prevalence of low-back Prevalence of shoulder

Population Response Men Women complaints (%) complaints (%)
(N) Baseline Follow-up (N) (N) Baseline  Follow-up  Baseline  Follow-up

Rail catering company

Exposed group 97 69 52 41 11 49 54 45 45

Reference group 33 22 10 6 4 70 50 20 20
Flower auction 1

Exposed group 1 62 38 23 23 - 61 65 70 70

Exposed group 2 15 10 7 5 2 43 57 71 43

Reference group 56 48 34 32 2 38 32 15 12
Flower auction 2

Exposed group 74 60 52 45 7 32 37 18 14

Reference group 41 35 31 13 18 42 26 39 30
Nursing home

Exposed group 136 121 109 7 102 61 60 38 43

Reference group 109 85 65 14 51 54 52 27 22
Postal distribution center

Exposed group 112 68 34 34 0 35 44 24 35
Refuse collection companies

Exposed group 94 73 42 42 0 42 44 22 17
Total 829 629 459 262 197

Appendix continued on page 303
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Exposure categories Pushing Pulling Lifting Carrying
frequency frequency
Self-reported Observed Observed Frequency Duration Frequency Duration (mean) (mean)
exposure frequency  duration (mean) (mean) (mean)  (mean)
Rail catering company
Exposed group 3 2 3 196 4360 38 335 7 5
Reference group 1 1 1 - - - - - -
Flower auction 1
Exposed group 1 3 3 2 56 280 620 1409 2 58
Exposed group 2 3 3 3 122 718 342 2846 13 154
Reference group 1 1 1 1 14 1 9 6 5
Flower auction 2
Exposed group 2 3 3 159 838 455 2684 88 11
Reference group 1 1 1 10 92 11 92 17 3
Nursing home
Exposed group 2 2 2 57 557 31 226 22 15
Reference group 1 1 1 11 142 15 39 3 7
Postal distribution center
Exposed group 3 3 3 342 1928 400 2422 218 9
Refuse collection companices
Exposed group 2 3 2 446 1146 536 1453 9 1
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