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ABSTRACT
Lifting at work is considered an important risk factor for
low back pain (LBP). However, contradictory ﬁndings
have been reported, partly because frequency, duration
and intensity (ie, the weight of the load) of lifting have
not been systematically considered. This has hampered
developments of threshold values for lifting. The aims of
this study were: to assess the effect of lifting during
work (quantiﬁed in duration, frequency or intensity) on
the incidence of LBP and to quantify the impact of these
relationships on the occurrence of LBP in occupational
populations exposed to lifting. We searched in PubMed
and EMBASE.com for longitudinal studies assessing the
effect of occupational lifting on LBP incidence. For each
study, the exposure–response slope of the association
was estimated by loglinear regression analysis. When
possible, a meta-analysis on these slopes was
conducted. In a health impact assessment, the effects of
the pooled exposure–response relationships on LBP
incidence was assessed. Eight longitudinal studies were
included. Pooled estimates resulted in ORs of 1.11 (1.05
to 1.18) per 10 kg lifted and 1.09 (1.03 to 1.15) per 10
lifts/day. Duration of lifting could not be pooled. Using
these ORs, we estimated that lifting loads over 25 kg
and lifting at a frequency of over 25 lifts/day will
increase the annual incidence of LBP by 4.32% and
3.50%, respectively, compared to the incidence of not
being exposed to lifting. Intensity and frequency of lifting
signiﬁcantly predict the occurrence of LBP. Exposure–
response relationships show that lifting heavy loads may
have a substantial impact on musculoskeletal health of
the working population. This information may direct the
development of occupational lifting guidelines and
workplace design for LBP prevention.

INTRODUCTION

To cite: Coenen P,
Gouttebarge V, van der
Burght ASAM, et al. Occup
Environ Med 2014;71:
871–877.

With a global lifetime prevalence of approximately
40%,1 low back pain (LBP) causes a considerable
burden on (working) society.2 Besides, negative
effects for workers, consequences of LBP include
productivity-loss at work,3 sickness absence4 and
disability.5 Several individual, psychosocial and
physical work-related factors have been identiﬁed
as potential risk factors for LBP.6–11 For one of the
most studied physical risk factors, lifting at work,
contradictory results have been reported. Whereas
numerous systematic reviews have shown an effect
of lifting on the occurrence of LBP,8 10 others have
contradicted these conclusions, ﬁnding conﬂicting12
or even no evidence for lifting as causative factor
for the occurrence of LBP.13 The latter statement

was presented as current interpretation in recent
overviews,14 15 which has led to an intense debate
in several letters questioning the scientiﬁc quality of
the earlier mentioned reviews.16–23 Therefore, controversy remains regarding the importance of
lifting for the occurrence of LBP.
Nevertheless, the possible effect of lifting on LBP
can potentially be explained by the high mechanical
loads (eg, low back moments or spinal compression
forces) on the low back during lifting.24 25 Lifting
is a dynamic and highly variable type of physical
exposure that can be quantiﬁed in duration, frequency and intensity (ie, the weight of the load
lifted), that all contribute differently to mechanical
low back load. For example, it has been shown that
the intensity of lifting highly affects the magnitude
of the loads on the low back.25 In addition, even
with no or small loads lifted, mechanical low back
loading can be substantial as a result of acceleration
of the upper body and upper extremities.26 As a
result, when a lifting task is executed at a fast pace
(ie, with high frequency), loads on the lower back
can almost double compared to a situation in
which the task is executed with a low frequency.27
Therefore, various exposures to lifting tasks can
affect mechanical load on the low back in different
ways.25 28 Quantiﬁcations of lifting (expressed in
duration, frequency and intensity) should therefore
be considered to appreciate the exposure–response
association of lifting and LBP.29 Such quantiﬁcations can be a key issue in developing occupational
lifting guidelines and workplace design for LBP
prevention.
Several directives for lifting at the workplace
have been developed, such as European30 and international directives.31 According to these directives,
25 kg is an acceptable weight limit when lifting
optimally. This limit, however, decreases when the
lifting situation is non-optimal (ie, large horizontal
or vertical load distances, asymmetry, high frequency or inappropriate coupling of the load).
Except for some minor differences, these directives
are based on the NIOSH lifting equation,32 33
which presents a recommended limit as a combination of frequency and weight that can be lifted by
approximately 90% of adult persons without
harmful effects. These effects are primarily based
on psychophysical evaluation of the inﬂuence of
lifting on self-perceived work load or fatigue within
a few hours. Therefore, the ability of these directives to protect against LBP risks has been questioned.34 35 Besides, current directives do not
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assess long-term consequences, which has hampered the development of threshold limit values distinguishing between healthy
and unhealthy lifting exposure at work.36 In addition, a lack of
insight into exposure–response relationships between lifting and
LBP has also complicated current attempts to demonstrate that a
reduction in biomechanical exposure at work will contribute to
a decrease in LBP occurrence.37 38
In the past few years, several sound systematic reviews have
presented exposure–response relationships for occupational
lifting and LBP,9–11 even considering the inﬂuence of methodological characteristics (such as study design, participation and
reliability of the exposure and the response) on the magnitude
of the reported association.8 However, these reviews have not
expressed a pooled risk estimate in quantiﬁed units of exposure
to lifting (in terms of intensity, frequency or duration) nor evaluated its impact on musculoskeletal health in the workforce.
Therefore, the ﬁrst aim of the current study was to assess the
effect of exposure to lifting during work (in terms of loads
lifted, frequency of lifts per hour, and duration of lifting activities) on the incidence of LBP. The second aim of the study was
to quantify, through a health impact assessment, the potential
impact of these exposure–response relationships on LBP in
occupational populations with speciﬁc lifting exposures as a
basis for the development of threshold limit values.

METHODS
Search strategy
To identify all relevant publications, we performed systematic
searches of the literature written in English in the bibliographic
databases of PubMed and EMBASE.com from inception to
April, 2014. Search terms included controlled terms from
MeSH in PubMed, EMtree in EMBASE.com as well as free text
terms. Search terms expressing ‘lifting’ were used in combination with search terms comprising ‘work-related’ and terms for
‘LBP’ (search strategies in both data-bases are provided in online
supplementary appendices 1 and 2, respectively). Lists of references of all included full-text articles were also screened for
additional papers.
Two reviewers (PC and VG) independently screened all
potentially relevant titles and abstracts for eligibility. If necessary,
the full-text article was checked for eligibility criteria.
Differences in judgment were resolved through a consensus procedure. Studies were included if they met the following criteria:
The article describes an original prospective study (ie, no intervention studies, reviews, editorials or letters), in which the
effect of occupational lifting (quantiﬁed in terms of duration,
frequency or intensity) on the incidence of non-speciﬁc LBP was
expressed in an appropriate risk estimate (ie, OR, relative risk
(RR) or prevalence ratio (PR)). Full-text versions of the selected
articles were obtained for data extraction and quality
assessment.

Data extraction and quality assessment
Two reviewers (PC and VG) independently assessed all selected
papers for data extraction and methodological quality. In case of
a disagreement, consensus was reached during a meeting. If
agreement could not be reached, a third reviewer (AB) decided
on the matter. For data extraction, the following variables of
each included paper were obtained: ﬁrst author and year of publication, study population (ie, number of subjects in the analysis,
age, gender, occupation and country), study design (ie, duration
of the follow-up period and confounding factors), health effects
(ie, response deﬁnition, baseline prevalence and incidence
during follow-up period), exposure parameters (ie, duration,
872

frequency or intensity of lifting) and risk estimate (eg, OR or
RR). When multiple modalities of lifting (ie, lifting with a
forward bent back or above shoulder level) were presented in
the selected papers, only lifting activities with the highest occurrence were chosen for further analysis.
For methodological quality assessment, ﬁve criteria based on
available, well accepted sources39 40 were used (see online supplementary appendix 3). Items were scored positive, negative or
unclear in case insufﬁcient information was available. A highquality study was deﬁned by positive scores on over 50% of the
items.

Meta-analysis and a health impact assessment
In order to combine results of included studies in a
meta-analysis, small differences in deﬁnition of exposure and
health outcomes were accepted.41 For each study, an exposure–
response relationship was calculated by a loglinear regression
analysis:
y ¼ eaþbXþlogðNÞ

ð1Þ

In equation 1, y is the number of workers reporting a ﬁrst
episode of LBP (incidence), X is the exposure metric of interest
and N is number of subjects in the particular study population.
Model parameters were retrieved from the original studies, as
presented in online supplementary appendix 4. Since studies
have used categories of exposure, the midpoint of an exposure
category was used as average exposure, for example 15 kg for a
10–20 kg exposure category. For the highest exposure category
with an unbounded upper value a measure was chosen to reﬂect
a meaningful estimate. This measure was chosen based on
expert judgments, for example, lifting loads above 25 kg was set
at 30 kg. In the loglinear regression analysis a single intercept
was used that reﬂects the annual incidence of LBP without
exposure. This also forces the exposure–response relation
through the origin by the assumption that those workers
without exposure to lifting could not have an increased incidence of LBP attributed to lifting, as is customary in regulatory
risk assessment processes. This procedure allowed us to estimate
the slope and CI of the exposure–response relationship within
each study, which represents the increase in OR or RR per unit
of exposure to lifting. When y and/or N were not presented in
the selected paper, slopes were estimated using exposure categories and ORs.
In the meta-analysis, the slopes of individual studies were
pooled by reciprocal weighting by the variance of the slope in a
random effects model due to heterogeneity across studies.
Pooled risk estimates, expressed in ORs and 95% CIs, were calculated for the effect of frequency (expressed in 10 lifts per
day) and intensity (expressed in 10 kg of lifting) of lifting on
LBP. The reported incidence of LBP among non-exposed participants was also pooled using the reported annual incidence of
LBP among workers without lifting activities. This was carried
out, in accordance to the pooling of ORs, by pooling using
reciprocal weights of the size of the unexposed study population. In 7 of 8 studies, LBP was deﬁned as any episode in the
past 12 months, whereas in one study LBP in the past month
was used as proxy for annual incidence of LBP.42
In a health impact assessment, using equation 1, the pooled
annual incidence of LBP among non-exposed participants was
combined with the pooled ORs of lifting loads more than 25 kg
per day and more than 25 lifts per day. The extra incidence of
LBP among workers lifting more than 25 kg, or performing
more than 25 lifts per day was compared to the incidence of
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workers not being exposed to lifting across the observed range
in pooled annual incidence and ORs. Also, publication bias was
examined through visual inspection of funnel plot asymmetry
depicting the SE of the OR plotted against the OR of all
included studies for intensity (expressed in 10 kg) and frequency
of lifting (expressed in 10 lifts per day).

RESULTS
The ﬂow chart of the search and selection process is presented
in ﬁgure 1. The literature search generated a total of 2631 references, of which 1094 in PubMed and 1537 in EMBASE.com.
After removing duplicates, 2263 unique references remained
that were screened on their titles for inclusion. During this procedure, 1930 records were excluded, resulting in 333 records
for full-text abstract screening. Based on this screening, another
290 studies were excluded. Subsequently, 43 full-text articles
were assessed for their eligibility. A total of 35 of these studies
were excluded for several reasons: 17 studies did not quantify
exposure to lifting, six studies did not use non-speciﬁc LBP

incidence as relevant outcome, six studies did not have a prospective design, three studies did not present interpretable risk
estimates, two studies did not meet the language criteria and
one study was a literature review. Eventually, 8 original prospective studies that described the effect of lifting (quantiﬁed in
duration, frequency and/or intensity) on non-speciﬁc LBP incidence,42–49 were included for further analysis. No additional
studies were included based on reference lists in included articles. Information of all studies included is summarised in online
supplementary appendix 4, while the quality of these studies is
described in online supplementary appendix 5.
Figure 2 presents six studies on intensity of lifting with ORs
varying between 1.03 and 1.24 for 10 kg loads, resulting in a
pooled OR of 1.11 (95% CI 1.05 to 1.18) per 10 kg of
lifting.42 44 46–49 Three studies presented exposure–response
information for 10 lifts per day with ORs between 1.05 and
1.23, resulting in a pooled OR of 1.09 (95% CI 1.03 to 1.15)
per 10 lifts per day.44 48 49 One study on frequency of lifting
and LBP among nurses did not provide a comparable exposure

Figure 1 Flow chart depicting the
procedure of selection of relevant
papers.
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Figure 2 Associations of lifting intensity (upper part of the ﬁgure) and lifting frequency (lower part of the ﬁgure) and the incidence of low back
pain. In the table (left panel), exposure categories, reference categories and estimated risks (ORs) per study as well as the pooled risk are shown. In
the right panels, a forest plot depicts the effect found in all studies as well as the pooled effect for all studies.
metric.43 Two studies reported positive associations between
duration of lifting and occurrence of LBP, but exposure deﬁnitions were too different to conduct a meta-analysis.45 46
Five out of 8 studies described the annual incidence of LBP
among workers without any exposure to lifting with a lowest
value of 8.9%44 and a highest value of 20.8%.47 The pooled
annual incidence was 18.4% (95% CI 17.6% to 19.2%), which
was strongly dominated by the study with the highest reported
incidence that contributed 41% to the combined study
population.
The health impact assessment in table 1 shows that among
workers who regularly lift loads above 25 kg, the incidence of
LBP would increase by 4.32% compared to workers not being
exposed to lifting, which is a relative increase of almost 25%.
The sensitivity analysis for lifting intensity with differences in
incidence of LBP among unexposed groups and differences in
magnitude of exposure–response relationships estimated a 1.00–
7.57% increase in annual incidence of LBP as a result of lifting
more than 25 kg. For workers who regularly lift loads more
than 25 times per day the incidence of LBP would increase by
3.50% compared to workers not being exposed to lifting, which

is a relative increase of about 20%. The sensitivity analysis
showed for lifting more than 25 times per day, an increase in
annual incidence of LBP ranging from 0.63% to 6.52%.
Regarding publication bias, visual inspection of the funnel
plot (ﬁgure 3) suggested some degree of asymmetry with some
larger studies reporting lower ORs than smaller studies.

DISCUSSION
The current study aimed (1) to assess the effect of exposure to
work-related lifting (in terms of duration, frequency or intensity) on the incidence of LBP, and (2) to quantify the potential
impact of these relationships on the incidence of LBP in occupational populations with a variety of lifting activities. Our ﬁndings showed signiﬁcant exposure–response relationships for
intensity and frequency of lifting with LBP incidence. We were
not able to conduct a meta-analysis on the effect of lifting duration on LBP incidence, but individual studies showed that
longer duration of lifting was associated with a higher LBP
incidence.

Table 1 Health impact assessment for the effect of intensity of lifting (upper panels of the table) and frequency of lifting (lower panels of the
figure)
Observed incidence (%)
OR
Lower CI

Lifting intensity
Incidence lowest value
Incidence pooled estimate
Incidence highest value
Lifting frequency
Incidence lowest value
Incidence pooled estimate
Incidence highest value

Pooled estimate

Extra incidence (%) due to lifting
OR
Higher CI

Lower CI

Pooled estimate

Higher CI

1.05

1.11

1.18

1.05

1.11

1.18

8.73
18.42
20.77

9.72
20.27
22.80

11.08
22.73
25.47

12.60
25.40
28.34

Incidence lowest value
Incidence pooled estimate
Incidence highest value

8.73
18.42
20.77

1.00
1.86
2.03

2.35
4.32
4.70

3.87
6.98
7.57

8.73
18.42
20.77

9.36
19.60
22.07

10.62
21.91
24.59

12.04
24.42
27.29

Incidence lowest value
Incidence pooled estimate
Incidence highest value

8.73
18.42
20.77

0.63
1.19
1.30

1.90
3.50
3.82

3.31
6.00
6.52

Based on pooled OR and incidences, observed incidence associated with lifting more than 25 kg and more than 25 lifts per day are shown (left panels). Furthermore, the expected extra
incidence in LBP of workers with such lifting activities as compared to those not being exposed to lifting is shown (right panels).
LBP, low back pain.
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Figure 3 Funnel plot for intensity
(left ﬁgure) and frequency of lifting
(right ﬁgure). Dots represent the
individual study estimates while the
vertical line depicts the summary
effect. Diagonal dashed lines represent
the pseudo 95% CI.

Interpretation of results
Our results are in line with earlier reviews showing adverse
effects of lifting on LBP.8 10 11 However, these reviews have
summarised the overall effects by comparing exposed workers
with unexposed workers, treating exposure as a dichotomous
characteristic. Such approach limits comparability across studies
due to different deﬁnitions of the exposure variable of interest.
In our approach, we ﬁrst established the exposure–response
association within each study, making full use of available information on trends demonstrating that with an increasing exposure category the likelihood of LBP increased. By introducing a
common exposure metric, expressed by kg of load or frequency
of lifts, these exposure–response associations could be pooled
across all studies. Hence, the pooled exposure–response relationship presents a linear expression of the change in effect, that
is, the incidence of LBP, caused by different levels of exposure,
that is, weight of loads and frequency of lifting. This risk assessment might form the basis for occupational health policies.
A ﬁrst consideration in these policies will be the interpretation
with respect to possible existence of a no observed adverse
effect level (NOAEL). Our risk assessment predicted that regularly lifting loads of more than 25 kg will result in an extra
annual incidence of LBP of approximately 4.3%, which is a relative increase of 25%. Lifting weights above 25 kg is often used
as a limit beyond which lifting is regarding as unsafe, for
example in European30 and international directives.31 However,
our risk assessment also predicted that lifting below this level
will still increase the annual incidence of LBP, which mirrors
observed risks in several longitudinal studies.
A second consideration is whether exposure guidelines can
sufﬁciently capture the complex exposure patterns at the workplace with its strong variation in lifting characteristics within
and between workers. Current guidelines focus strongly on
maximum weights in combination with frequency of lifts,
whereas workplaces surveys have shown that lifting activities
encompass different weights being lifted with different frequencies over varying distances. Epidemiological studies will have
limited discriminatory power to identify all combinations of
lifting characteristics that may increase the occurrence of LBP.
Thus, the translation of epidemiological evidence on exposure–
response relationships into health policies will lack some speciﬁcity and precision.
A third important consideration is agreement on what should
be considered as a biologically signiﬁcant adverse effect. The
longitudinal studies in our meta-analysis most often have
deﬁned LBP as the occurrence of any spell of pain in the past
12 months. Do we consider a couple of hours of pain as a relevant biological effect? Several studies have reported that a substantial proportion of participants with an episode of acute LBP
will eventually develop chronic LBP, with a maximum of about

half of the workers progressing to chronic LBP.50 Moreover, this
chronic non-speciﬁc LBP signiﬁcantly predicts sickness absence4
and work disability.5 In the transition from acute pain to
chronic pain, exposure to lifting at work plays a role.51 Hence,
occupational lifting is not only a risk factor for incident LBP but
also a prognostic factor for aggravation of LBP and subsequent
inﬂuence on sickness absence4 and work disability.5 This indicates the substantial impact of incident LBP on the burden of
disease in the working population. A linked issue is how to
deﬁne the acceptable risk criteria, for example is one LBP case
among 100 workers per year an acceptable risk or among
10 000 workers per year?
A fourth consideration is whether compliance with a lifting
guideline will reduce the occurrence of LBP. So far, most workrelated interventions on lifting (eg, by providing lifting training
or using assisting lifting devices) have not been successful on a
large scale.37 38 In general, interventions studies have not
demonstrated very well that the ergonomic intervention under
investigation has reduced exposure to lifting at the workplace,
and through this reduced exposure has caused a signiﬁcant
reduction in the occurrence of LBP.29 The exposure–response
relationships present theoretical beneﬁts of an intervention, but
the resilient nature of work processes and organisations might
hamper complete elimination of harmful lifting activities.38
Thus, intervention studies should quantify the achieved reduction in exposure to lifting in order to provide insight how
effective a particular intervention can be.
Given all the above, risk assessments can be improved by
using better quantitative information on the effects of exposure
to intensity and frequency of lifting on the incidence of LBP in
speciﬁc occupational populations. Given the large number of
studies on lifting and LBP, it is disappointing that only 8 studies
presented sufﬁcient information on exposure to lifting for analysis of a pooled exposure–response relationship. Therefore,
more studies assessing the effect of lifting, quantiﬁed in intensity, frequency or duration, on LBP are needed.29 Studies should
assess the separate and combined effects of frequency and intensity of lifting on LBP, since the available evidence does not allow
to disentangle both aspects of lifting which form the basis of the
well-known risk evaluation captured in the NIOSH lifting
equation.32 33

Methodological considerations
In the current study, only those longitudinal cohorts providing
information on quantitative exposure information (duration, frequency and intensity) and their effects on LBP incidence were
included. These studies, in which measurement of the exposure
precedes that of the health effect, provide the opportunity to
assess the actual causality regarding LBP.52 Overall, studies
included in this meta-analysis were of high quality, with only
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one included study scoring unclear on their description of the
population and two included studies scoring unclear on their
outcome description. A meta-analysis was performed to increase
power and to obtain more reliable risk estimates. Despite these
methodological advantages, some sources of bias cannot be
excluded. For example, exposure as well as outcome of most
studies were assessed using self-reports. Although the use of
these self-reports is well accepted, the validity of such exposure
estimates has often been questioned, as these are highly subjective and often based on crude categorisation, thereby limiting the
accuracy.53 54 Therefore, in future studies, more objective measurements should be obtained to improve estimates of lifting
and subsequent mechanical work load. Such measurements can,
for example, contain structured observations or more recently
developed techniques, such as inertial sensor or automated
marker-less posture tracking methods.55 56
A number of assumptions were made when conducting the
described meta-analysis. First, as in the NIOSH equation,32 33
the effect of exposure to lifting on LBP was assumed to be
linear with an increasing risk of LBP with increasing exposure.
However, there are indications that statistical models that anticipate a non-linear association of mechanical exposures and LBP
are better able to identify risk associations.45 Studies have suggested U-shaped associations,57 quadratic58 and fourth order
weighting59 of loads, polynomially calculated loads,60 and
spline function for exposure–response associations45 in order to
gain better information on exposure–response associations.
Unfortunately, the available evidence in this systematic review
was based on too few studies to investigate alternatives for the
currently chosen linear association between exposure and
response. This might have biased our results. Future research
should therefore ﬁll this gap by exploring alternative methods
of describing exposure–response associations.
In meta-analyses, outcomes that are too diverse should not be
combined. We assumed some random heterogeneity in the
meta-analysis, but small differences in deﬁnition of exposure
and LBP were accepted.41 In general, the longitudinal studies
that we selected were comparable as they mostly described selfreported exposures and incidence of LBP symptoms. There were
some differences between the selected studies in deﬁnition of
exposure, primarily due to differences in categorisation. Since
our procedure required an estimation of the exposure–response
relationship within each study before pooling results across
studies, these differences will have had little inﬂuence on comparability of studies. Although studies used different LBP questionnaires, most studies had a similar recall period of 12 months
and comparable description of ache and pain. A pooling of
study results, as performed in our meta-analysis, seems therefore
justiﬁed. A related issue is the potential presence of publication
bias which would result in overestimation of the exposure–
response association. Visual inspection of the funnel plots
(ﬁgure 3) shows some larger studies reporting lower ORs than
smaller studies. Publication bias, if present, may have led to
some overestimation of association of lifting and LBP. However,
the number of studies was too small to establish or refute publication bias.
It was assumed that several risk estimates (eg, OR and RR)
can be interpreted equally, which may be questioned especially
when the outcome of interest is common, such as LBP.61 These
assumptions may therefore have caused some inaccuracy in the
pooled estimation of the risk, potentially inﬂuencing the reliability of our inferences. Another source of bias in the pooled OR
stems from the fact that all publications selected are of Western
countries, while there may be different exposure–response
876

associations in developing countries.62 Finally, as mentioned
above, the number of included studies in this analysis was
modest and this will have inﬂuenced the pooled estimates and
associated CIs. The observed variation in the meta-analysis
guided the sensitivity analysis of the health impact assessment,
as presented in table 1. This synthesis of available information
presents a more balanced view of the available evidence in epidemiological studies than a qualitative evidence synthesis on the
level of evidence for existence of an association between lifting
and LBP.

CONCLUSION
The meta-analysis and subsequent pooled risk estimates demonstrated that intensity and frequency of lifting were signiﬁcantly
associated with annual incidence of LBP. Exposure to lifting
more than 25 kg or lifting more than 25 times per day can
potentially lead to increased annual incidences of LBP by 4.3%
and 3.5%, respectively. This information is of importance in
decision-making on occupational lifting directives or workplace
design for LBP prevention.
Contributors PC and VG conducted the search for literature and data extraction of
all included papers. VG, ASAMvdB, JHvD, MHWF-D, AJvdB and AB analysed the
data and reviewed the manuscript for important intellectual content. AB is
guarantor.
Competing interests Some authors were members of the committee on Working
Conditions of the Netherlands Health Council. The ﬁndings and conclusions in this
article reﬂect the opinions of the authors and should not be construed to represent
a statement of the Netherlands Health Council. The ofﬁcial report can be obtained
from the website of the Health Council of the Netherlands: http://www.
healthcouncil.nl/publications/healthy-working-conditions/manual-lifting-work
Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
1
2

3

4
5

6

7

8

9
10

11
12

13
14
15

Hoy D, Bain C, Williams G, et al. A systematic review of the global prevalence of
low back pain. Arthritis Rheum 2012;64:2028–37.
Goetzel RZ, Hawkins K, Ozminkowski RJ, et al. The health and productivity cost
burden of the “top 10” physical and mental health conditions affecting six large
US employers in 1999. J Occup Environ Med 2003;45:5–14.
Bergstrom G, Hagberg J, Busch H, et al. Prediction of sickness absenteeism,
disability pension and sickness presenteeism among employees with back pain.
J Occup Rehabil 2014;24:278–86.
Roelen CA, Koopmans PC, Groothoff JW. Subjective health complaints in relation to
sickness absence. Work 2010;37:15–21.
Matsudaira K, Konishi H, Miyoshi K, et al. Potential risk factors for new onset of
back pain disability in Japanese workers: ﬁndings from the Japan epidemiological
research of occupation-related back pain study. Spine 2012;37:1324–33.
Eatough EM, Way JD, Chang CH. Understanding the link between psychosocial
work stressors and work-related musculoskeletal complaints. Appl Ergon
2012;43:554–63.
Hamberg-van Reenen HH, Ariens GA, Blatter BM, et al. A systematic review of the
relation between physical capacity and future low back and neck/shoulder pain.
Pain 2007;130:93–107.
Grifﬁth LE, Shannon HS, Wells RP, et al. Individual participant data meta-analysis of
mechanical workplace risk factors and low back pain. Am J Public Health
2012;102:309–18.
Cole MH, Grimshaw PN. Low back pain and lifting: a review of epidemiology and
aetiology. Work 2003;21:173–84.
da Costa BR, Vieira ER. Risk factors for work-related musculoskeletal disorders:
a systematic review of recent longitudinal studies. Am J Ind Med
2010;53:285–323.
Lötters F, Burdorf A, Kuiper J, et al. Model for the work-relatedness of low-back
pain. Scand J Work Environ Health 2003;29:431–40.
Bakker EW, Verhagen AP, van Trijffel E, et al. Spinal mechanical load as a risk
factor for low back pain: a systematic review of prospective cohort studies. Spine
2009;34:E281–93.
Wai EK, Roffey DM, Bishop P, et al. Causal assessment of occupational lifting and
low back pain: results of a systematic review. Spine J 2010;10:554–66.
Kwon BK, Roffey DM, Bishop PB, et al. Systematic review: occupational physical
activity and low back pain. Occup Med 2011;61:541–8.
Balague F, Mannion AF, Pellise F, et al. Non-speciﬁc low back pain. Lancet
2012;379:482–91.

Coenen P, et al. Occup Environ Med 2014;71:871–877. doi:10.1136/oemed-2014-102346

Downloaded from http://oem.bmj.com/ on May 12, 2016 - Published by group.bmj.com

Review
16

17

18

19
20
21
22
23
24

25
26
27

28

29

30

31
32
33
34

35

36

37

38

39

Olsen O. Re: Bakker EW, Verhagen AP, van Trijffel E, et al. Spinal mechanical load
as a risk factor for low back pain: a systematic review of prospective cohort studies.
Spine 2009;34:E281–93. Spine 2010;35:E576; author reply E576–7.
Takala EP, Andersen JH, Burdorf A, et al. Re: Bakker EW, Verhagen AP,
van Trijffel E, et al. Spinal mechanical load as a risk factor for low back pain:
a systematic review of prospective cohort studies. Spine 2009;34:E281–93. Spine
2010;35:E1011–2; author reply E1012-3.
McGill SM. Letter to the editor regarding: causal assessment of occupational lifting
and low back pain: results of a systematic review by Wai, et al. Spine J
2011;11:365; author reply 366.
Andersen JH, Haahr JP, Frost P. Details on the association between heavy lifting
and low back pain. Spine J 2011;11:690–1; author reply 691–2.
Takala EP. Lack of “statistically signiﬁcant” association does not exclude causality.
Spine J 2010;10:944; author reply 944–5.
Kuijer PP, Frings-Dresen MH, Gouttebarge V, et al. Low back pain: we cannot
afford ignoring work. Spine J 2011;11:164; author reply 165–6.
Kuijer PP, Takala EP, Burdorf A, et al. Low back pain: doesn’t work matter at all?
Occup Med 2012;62:152–3; author reply 153–4.
van Dieen JH, Kuijer PP, Burdorf A, et al. Non-speciﬁc low back pain. Lancet
2012;379:1874–5.
Faber GS, Kingma I, van Dieën JH. Effect of initial horizontal object position on
peak L5/S1 moments in manual lifting is dependent on task type and familiarity
with alternative lifting strategies. Ergonomics 2011;54:72–81.
Hoozemans MJ, Kingma I, de Vries WH, et al. Effect of lifting height and load mass
on low back loading. Ergonomics 2008;51:1053–63.
van Dieën JH, Faber GS, Loos RC, et al. Validity of estimates of spinal compression
forces obtained from worksite measurements. Ergonomics 2010;53:792–800.
de Looze MP, Kingma I, Thunnissen W, et al. The evaluation of a practical
biomechanical model estimating lumbar moments in occupational activities.
Ergonomics 1994;37:1495–502.
Faber GS, Kingma I, van Dieën JH. The effects of ergonomic interventions on low
back moments are attenuated by changes in lifting behaviour. Ergonomics
2007;50:1377–91.
Burdorf A. The role of assessment of biomechanical exposure at the workplace in
the prevention of musculoskeletal disorders. Scand J Work Environ Health
2010;36:1–2.
European Committee for Standardization. 1005-2. European Standard Safety of
Machinery—human physical performance—part 2: manual handling of machinery
and component parts of machinery. April 2003.
European Committee for Standardization. 1128-1. Ergonomics—manual handling.
Part 1: 15 Lifting and carrying. 2003.
NIOSH. Work practices guide for manual lifting. 1981; Publication No. 81–122.
Waters TR, Putz-Anderson V, Garg A, et al. Revised NIOSH equation for the design
and evaluation of manual lifting tasks. Ergonomics 1993;36:749–76.
Marras WS, Fine LJ, Ferguson SA, et al. The effectiveness of commonly used lifting
assessment methods to identify industrial jobs associated with elevated risk of
low-back disorders. Ergonomics 1999;42:229–45.
Elfeituri FE, Taboun SM. An evaluation of the NIOSH lifting equation: a
psychophysical and biomechanical investigation. Int J Occup Saf Ergon
2002;8:243–58.
Fallentin N, Viikari-Juntura E, Waersted M, et al. Evaluation of physical workload
standards and guidelines from a Nordic perspective. Scand J Work Environ Health
2001;27:1–52.
Verbeek JH, Martimo KP, Karppinen J, et al. Manual material handling advice and
assistive devices for preventing and treating back pain in workers. Cochrane
Database Syst Rev 2011;18:CD005958.
Burdorf A, Koppelaar E, Evanoff B. Assessment of the impact of lifting device use
on low back pain and musculoskeletal injury claims among nurses. Occup Environ
Med 2013;70:491–7.
IJmker S, Huysmans MA, Blatter BM, et al. Should ofﬁce workers spend fewer hours
at their computer? A systematic review of the literature. Occup Environ Med
2007;64:211–22.

40

41

42
43

44

45

46
47

48

49

50

51
52
53

54
55
56

57
58

59

60

61
62

Coenen P, et al. Occup Environ Med 2014;71:871–877. doi:10.1136/oemed-2014-102346

von Elm E, Altman DG, Egger M, et al. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. Ann Intern Med 2007;147:573–7.
Grifﬁth LE, Hogg-Johnson S, Cole DC, et al. Low-back pain deﬁnitions in
occupational studies were categorized for a meta-analysis using Delphi consensus
methods. J Clin Epidemiol 2007;60:625–33.
Harkness EFM, Macfarlane GJ, Nahit ES, et al. Risk factors for new-onset low back
pain amongst cohorts of newly employed workers. Rheumatology 2003;42:959–68.
Holtermann A, Clausen T, Aust B, et al. Risk for low back pain from different
frequencies, load mass and trunk postures of lifting and carrying among female
healthcare workers. Int Arch Occup Environ Health 2012;86:463–70.
Hoogendoorn WE, Bongers PM, de Vet HC, et al. Flexion and rotation of the trunk
and lifting at work are risk factors for low back pain: results of a prospective cohort
study. Spine 2000;25:3087–92.
Jansen JP, Morgenstern H, Burdorf A. Dose–response relations between
occupational exposures to physical and psychosocial factors and the risk of low back
pain. Occup Environ Med 2004;61:972–9.
Macfarlane GJ, Thomas E, Papageorgiou AC, et al. Employment and physical work
activities as predictors of future low back pain. Spine 1997;22:1143–9.
Miranda H, Viikari-Juntura E, Punnett L, et al. Occupational loading, health
behavior and sleep disturbance as predictors of low-back pain. Scand J Work
Environ Health 2008;34:411–19.
Sterud T, Tynes T. Work-related psychosocial and mechanical risk factors for low
back pain: a 3-year follow-up study of the general working population in Norway.
Occup Environ Med 2013;70:296–302.
van Nieuwenhuyse A, Somville PR, Crombez G, et al. The role of physical workload
and pain related fear in the development of low back pain in young workers:
evidence from the BelCoBack Study; results after one year of follow up. Occup
Environ Med 2006;63:45–52.
Kovacs FM, Abraira V, Zamora J, et al. The transition from acute to subacute and
chronic low back pain: a study based on determinants of quality of life and
prediction of chronic disability. Spine 2005;30:1786–92.
Fransen M, Woodward M, Norton R, et al. Risk factors associated with the
transition from acute to chronic occupational back pain. Spine 2002;27:92–8.
Rothman KJ, Greenland S. Causation and causal inference in epidemiology. Am J
Public Health 2005;95:144–50.
Balogh I, Orbaek P, Ohlsson K, et al. Self-assessed and directly measured
occupational physical activities—inﬂuence of musculoskeletal complaints, age and
gender. Appl Ergon 2004;35:49–56.
Punnett L, Wegman DH. Work-related musculoskeletal disorders: the epidemiologic
evidence and the debate. J Electromyogr Kinesiol 2004;14:13–23.
Dutta T. Evaluation of the Kinect sensor for 3-D kinematic measurement in the
workplace. Appl Ergon 2012;43:645–9.
Faber GS, Kingma I, van Dieën JH. Bottom-up estimation of joint moments during
manual lifting using orientation sensors instead of position sensors. J Biomech
2010;43:1432–6.
Winkel J, Mathiassen SE. Assessment of physical work load in epidemiologic studies:
concepts, issues and operational considerations. Ergonomics 1994;37:979–88.
Coenen P, Kingma I, Boot CR, et al. The contribution of load magnitude and
number of load cycles to cumulative low-back load estimations: a study based on
in-vitro compression data. Clin Biomech 2012;27:1083–6.
Jäger M, Jordan C, Luttmann A, et al. Evaluation and assessment of lumbar load
during total shifts for occupational manual materials handling jobs within the
Dortmund Lumbar Load Study—DOLLY. Int J Ind Ergonomics 2000;25:553–71.
Parkinson RJ, Callaghan JP. The role of load magnitude as a modiﬁer of the
cumulative load tolerance of porcine cervical spinal units: progress towards a force
weighting approach. Theor Issues Ergono Sci 2007;8:171–84.
Zhang J, Yu KF. What’s the relative risk? A method of correcting the odds ratio in
cohort studies of common outcomes. JAMA 1998;280:1690–1.
Paudyal P, Ayres JG, Semple S, et al. Low back pain among textile workers:
a cross-sectional study. Occup Med 2013;63:129–34.

877

Downloaded from http://oem.bmj.com/ on May 12, 2016 - Published by group.bmj.com

The effect of lifting during work on low back
pain: a health impact assessment based on a
meta-analysis
Pieter Coenen, Vincent Gouttebarge, Aafje S A M van der Burght, Jaap H
van Dieën, Monique H W Frings-Dresen, Allard J van der Beek and Alex
Burdorf
Occup Environ Med 2014 71: 871-877 originally published online August
27, 2014

doi: 10.1136/oemed-2014-102346
Updated information and services can be found at:
http://oem.bmj.com/content/71/12/871

These include:

Supplementary Supplementary material can be found at:
Material http://oem.bmj.com/content/suppl/2014/08/27/oemed-2014-102346.D
C1.html

References
Email alerting
service

This article cites 59 articles, 9 of which you can access for free at:
http://oem.bmj.com/content/71/12/871#BIBL
Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions
To order reprints go to:
http://journals.bmj.com/cgi/reprintform
To subscribe to BMJ go to:
http://group.bmj.com/subscribe/

