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GUIDELINES ON PREVENTION IN LOW BACK PAIN – Abstract

Summary of the concepts of prevention in low back
pain (LBP):
• The general nature and course of commonly experi-

enced LBP means that there is limited scope for 
preventing its incidence (first-time onset). Prevention,
in the context of this guideline, is focused primarily on
reduction of the impact and consequences of LBP.

• Primary causative mechanisms remain largely unde-
termined: risk factor modification will not necessarily
achieve prevention.

• There is considerable scope, in principle, for preven-
tion of the consequences of LBP – e.g. episodes (re-
currence), care seeking, disability, and workloss. 

• Different interventions and outcomes will be appropri-
ate for different target populations (general population,
workers, and children) yet inevitably there is overlap.

• Interventions that are essentially treatments in the
clinical environment, focused on management of cur-
rent symptoms, are not considered as ‘prevention’ for
the purposes of this guideline: they are covered in the
accompanying clinical guidelines

Overarching comments:
• Overall, there is limited robust evidence for numerous

aspects of prevention in LBP.
• Nevertheless, there is evidence suggesting that preven-

tion of various consequences of LBP is feasible.
• However, for those interventions where there is ac-

ceptable evidence, the effect sizes are rather modest.
• The most promising approaches seem to involve phys-

ical activity/exercise and appropriate (biopsychoso-
cial) education, at least for adults.

• But, no single intervention is likely to be effective to
prevent the overall problem of LBP, owing to its mul-
tidimensional nature.

• Prevention in LBP is a societal as well as an individu-
al concern.

• So, optimal progress on prevention in LBP will likely
require a cultural shift in the way LBP is viewed, its
relationship with activity and work, how it might best
be tackled, and just what is reasonable to expect from
preventive strategies.

• It is important to get all the players onside, but inno-
vative studies are required to understand better the
mechanisms and delivery of prevention in LBP.

• Anecdotally, individuals may report that various stra-
tegies work for them, but in the absence of scientific
evidence that does not mean they can be generally rec-
ommended for prevention; it is not known whether
some of these strategies have disadvantageous long-
term effects.

Summary of recommendations for the general 
population:
• Physical exercise is recommended for prevention of

sick leave due to LBP and for the occurrence or dura-
tion of further episodes (Level A). There is insuffi-
cient consistent  evidence to recommend for or against
any specific type or intensity of exercise (Level C).

• Information and education about back problems, if
based on biopsychosocial principles, should be consid-
ered (Level C), but information and education focused
principally on a biomedical or biomechanical model
cannot be recommended (Level C).

• Back schools based on traditional biomedical/biome-
chanical information, advice and instruction are not
recommended for prevention in LBP (Level A). High
intensity programmes, which comprise both an educa-

tional/skills programme and exercises, can be recom-
mended for patients with recurrent and persistent back
pain (Level B).

• Lumbar supports or back belts are not recommended
(Level A).

• There is no robust evidence for or against recommend-
ing any specific chair or mattress for prevention in
LBP (Level C), though persisting symptoms may be
reduced with a medium-firm rather than a hard mat-
tress (Level C).

• There is no evidence to support recommending manip-
ulative treatment for prevention in LBP (Level D).

• Shoe insoles are not recommended in the prevention
of back problems (Level A). There is insufficient evi-
dence to recommend for or against correction of leg
length (Level D).

Recommendations: These are based on systematic re-
views, existing evidence-based guidelines, and scientific
studies. The studies on which these recommendations are
based were often variable and imprecise in specifying the

interventions and outcomes investigated. Hence, it is not
always possible to state exactly which outcomes will be
influenced by a given intervention.
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Summary of recommendations for workers:
• Physical exercise is recommended in the prevention of

LBP (Level A), for prevention of recurrence of LBP
(Level A) and for prevention of recurrence of sick
leave due to LBP (Level C). There is insufficient evi-
dence to recommend for or against any specific type
or intensity of exercise (Level C).

• Back schools based on traditional biomedical/biome-
chanical information, advice and instruction are not
recommended for prevention in LBP (Level A). There
is insufficient evidence to recommend for or against
psychosocial information delivered at the worksite
(Level C), but information oriented toward promoting
activity and improving coping may promote a positive
shift in beliefs (Level C).

• Lumbar supports or back belts are not recommended
(Level A).

• Shoe inserts/orthoses are not recommended (Level A).
There is insufficient evidence to recommend for or
against in-soles, soft shoes, soft flooring or antifatigue
mats (Level D).

• Temporary modified work and ergonomic workplace
adaptations can be recommended to facilitate earlier
return to work for workers sick listed due to LBP
(Level B).

• There is insufficient consistent evidence to recom-
mended physical ergonomics interventions alone for
prevention in LBP (Level C). There is some evidence
that, to be successful, a physical ergonomics pro-
gramme would need an organisational dimension and
involvement of the workers (Level B); there is insuffi-
cient evidence to specify precisely the useful content
of such interventions (Level C).

• There is insufficient consistent evidence to recom-
mend stand-alone work organisational interventions
(Level C), yet such interventions could, in principle,
enhance the effectiveness of physical ergonomics pro-
grammes.

• Whilst multidimensional interventions at the work-
place can be recommended (Level A), it is not possi-
ble to recommend which dimensions and in what bal-
ance. 

Summary of recommendations for school age:
• There is insufficient evidence to recommend for or

against a generalized educational intervention for the
prevention of LBP or its consequences in schoolchil-
dren (Level C).

• Despite the intuitive appeal of the idea, there is no evi-
dence that attempts to prevent LBP in schoolchildren
will have any impact on LBP in adults (Level D).

Summary of recommendations for further research:
It is recommended that the following approaches are
considered for further research into prevention in low
back pain. Future studies need to be of high quality;
where possible that should be in the form of randomised
controlled trials. It is also recommended that standards
of evidence criteria for efficacy, effectiveness and dis-
semination should be taken into account (Society for
Prevention Research 2004).

As a general recommendation, it is considered impor-
tant that future studies include cost-benefit and risk-ben-
efit analyses.

General
• Studies are needed to determine how and by whom in-

terventions are best delivered to specific target groups.
• Good quality RCTs are needed to determine the effec-

tiveness of specific interventions aimed at specific risk
/ target groups.

• Misconceptions about back pain are shown to be
widespread in adults, and they play a role in the devel-
opment of long-term disability (Goubert et al. 2004).

Further study is necessary to explore whether these
misconceptions may be prevented by carefully select-
ed and presented health promotion programmes, with
the merit of demedicalising LBP. 

• More information is needed to match types of inter-
ventions with specific/relevant outcomes.

• High quality studies are recommended into the effec-
tiveness of specific furniture to justify or refute claims
by commercial interests.

Workers
• Good quality RCTs are needed to study the effective-

ness of daily physical activity for prevention of LBP
and for prevention of recurrence of LBP. In addition,
the effectiveness of physical exercise as well as daily
physical activity should be studied for prevention of
(recurrence of) sick leave due to LBP. 

• It is recommended to perform good quality RCTs on
the role of information oriented toward reducing fear
avoidance beliefs and improving coping strategies in
the prevention of LBP.



Objectives

The primary objective of the European evidence-based
guidelines is to provide a set of recommendations that can
support existing and future national and international
guidelines or future updates of existing back pain guide-
lines. 

This particular guideline intends to foster a realistic ap-
proach to improving prevention in respect of common
(nonspecific) low back pain in Europe by: 

Providing recommendations on strategies to prevent
low back pain and/or its consequences in the general pop-
ulation, workers, and during school age.

Ensuring an evidence-based approach through the use
of systematic reviews and existing evidence-based guide-
lines, supplemented (where necessary) by individual sci-
entific studies.

Providing recommendations that are generally accept-
able to a wide range of professions and agencies in all par-
ticipating countries.

Enabling a multidisciplinary approach, stimulating col-
laboration between the various players potentially in-
volved in prevention, thus promoting consistency across
countries in Europe.

Identifying ineffective interventions to limit their use.
Pointing to areas where more research is needed.

Target population

The target population of this guideline on prevention in
low back pain comprises individuals or groups that are go-
ing to develop new guidelines (national or local) or update
existing guidelines, and their professional associations that
will disseminate and implement these guidelines. Indirect-

ly, these guidelines also aim to inform the general public,
people with low back pain, health care providers, health
promotion agencies, industry/employers, educationalists,
and policy makers in Europe.

When using this guideline as a basis, it is recommend-
ed that guideline development and implementation groups
should undertake certain actions and procedures, not all of
which could be accommodated under COST Action B13.
These will include: taking patients’ preferences into ac-
count; performing a pilot test among target users; under-
taking external review, providing tools for application;
consideration of organisational obstacles and cost implica-
tions; provision of criteria for monitoring and audit; provi-
sion of recommendations for implementation strategies
(van Tulder et al. 2004). In addition, in the absence of a re-
view date for this guideline, it will be necessary to consid-
er new scientific evidence as it becomes available.

Guidelines working group

The guideline on prevention in low back pain was devel-
oped within the framework of the COST Action B13 ‘Low
back pain: guidelines for its management’, issued by the
European Commission, Research Directorate-General, de-
partment of Policy, Co-ordination and Strategy. The guide-
lines Working Group (WG) consisted of experts in the
field of low back pain research. Members were invited to
participate, taking into account that a range of relevant
professions should be represented. The core group consist-
ed of four women and eight men with various professional
backgrounds, representing nine countries. None of the 12
members believed they had any conflict of interest. 

The WG for the prevention guidelines had its first
meeting in May 2001, at which three sub-groups were
formed to accommodate the interventions and outcomes
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• Good quality RCTs are urgently needed to study the
effectiveness of physical, psychosocial and organisa-
tional ergonomic interventions on a large variety of
outcomes, ranging from prevention of (recurrence of)
LBP and prevention of (recurrence of) sick leave due
to LBP up to compensable LBP.

• It is recommended to investigate whether effective in-
terventions can be applied to all workers, irrespective
of gender, age, seniority and/or past history of LBP. If
the effective interventions have to be more tailor-
made, the optimal approach for each relevant sub-
group should be examined.

School age
• RCTs evaluating the possible positive effects of pre-

ventive programmes and risk factor modifications at
young age on adult LBP are advocated. 

• From a physiological point of view, poor life style
habits and prolonged static sitting during school age
on unadjusted furniture may play a role in the origin
of LBP: further study is appropriate to determine any
effectiveness of school-based interventions (exer-
cise/sport, desks/seating, backpacks/bags). 

• Further study with a follow-up into adulthood is need-
ed to evaluate whether or not the physical cumulative
load experience on the lumbar spine (e.g. from heavy
book-bag carrying or sitting on unadjusted furniture)
during childhood and adolescence contributes to adult
LBP.



appropriate for prevention across the general population,
workers, and during school age (the latter defined as <18
years of age). There were numerous subsequent meetings,
before the outline draft of the guidelines was prepared In
February 2004, following which there was a final meeting
to discuss and refine this draft. Subsequent drafts were cir-
culated among the members of the working group for their
comments and approval. The penultimate draft was then
sent for peer review to external experts, with the final draft
being reviewed by the members of the Management Com-
mittee of COST Action B13. The full guidelines (includ-
ing tables of evidence and search strategies) are available
at: www.backpaineurope.org

Evidence

The evidence underpinning the guideline recommenda-
tions was retrieved through systematic searches of the sci-
entific literature up to the end of 2003. Because of the na-
ture of the subject matter, each sub-group (population,
workers, and school age) formulated its own search crite-
ria according to what was deemed appropriate. 

The working group determined that it was impossible
to carry out a complete de novo systematic review of every
aspect of prevention to an acceptable standard within an
acceptable period of time. A strategy broadly conducive
with the other guidelines in COST Action B13 was adopt-
ed: in the first instance systematic reviews (and existing
guidelines) were sought, supplemented by individual sci-
entific studies where systematic reviews and evidence-
based guidelines were not available. It was decided that
evidence from narrative reviews should be excluded, un-
less they were a synthesis of multiple reviews. It was an-
ticipated that the field of ‘prevention’ in low back pain
would have limited robust scientific evidence from ran-
domised controlled trials (RCT), which are not always ap-
propriate or practicable in this area. Therefore the group
decided that studies employing scientifically weaker de-
signs (eg controlled trials, controlled before-after trials,
and interrupted time series designs) should be included in
the absence of RCTs. Longitudinal epidemiological studies
were also included where the group felt these added useful
information. 

Each sub-group formulated and itemised its specific
search terms and sources, and determined what material
should be included. Initially, the major electronic data-
bases (including the Cochrane Library) were searched, and
then supplemented by citation tracking, personal data-
bases, and expert knowledge. No language restrictions
were imposed, but non-English articles were only consid-
ered if their language was covered by a member of the
working group. All sub-groups used (derivatives of) back
pain as a primary keyword, which may have resulted in a
few articles of potential interest being missed (such as
those using terms such as medically unexplained symp-

toms and subjective health complaints and musculoskele-
tal pain).

To reduce both individual and sub-group bias, the evi-
dence was reviewed and discussed by the entire working
group, as were the resultant recommendations. Sections
were added to each sub-section of the guidelines to re-
flect the discussion themes. The recommendations are
presented separately for ‘general population’, ‘workers’,
and ‘school age’, identified by a letter: P, W, S respec-
tively. 

The strength of recommendations was based on the
four-level rating system used for the other guidelines in
the COST Action B13 programme, but was slightly modi-
fied to take account of the nature of the available evi-
dence: 

Level A: Generally consistent findings provided by (a sys-
tematic review of) multiple RCTs.

Level B: Generally consistent findings provided by (a sys-
tematic review of) multiple weaker scientific studies.

Level C: One RCT/weaker scientific study, or inconsistent
findings provided by (a systematic review of) multiple
weaker scientific studies.

Level D: No RCTs or no weaker scientific studies.
* [The term ‘weaker scientific studies’ is taken to in-
clude, non-randomised controlled trials, controlled be-
fore/after studies, interrupted time series designs, and
longitudinal epidemiological studies. The ‘level’ is a
grading of the strength of the evidence; it is an indica-
tor of confidence in the recommendation, rather than
its strength or effect size].

For this guideline, the review of the literature may best be
summarised as systematic searching of the published sci-
entific literature with mixed quantitative/qualitative evalu-
ation of the evidence to produce best-synthesis recommen-
dations.

Introduction

Definitions
Low back pain (LBP) is defined as pain and discomfort,
localised below the costal margin and above the inferior
gluteal folds, with or without leg pain. nonspecific (com-
mon) low back pain is defined as low back pain not at-
tributed to recognisable, known specific pathology (e.g.
infection, tumour, osteoporosis, ankylosing spondylitis,
fracture, inflammatory process, radicular syndrome or cau-
da equina syndrome).

Acute low back pain is usually defined as the duration
of an episode of low back pain persisting for less than 6
weeks; sub-acute low back pain as low back pain persist-
ing between 6 and 12 weeks; chronic low back pain as low
back pain persisting for 12 weeks or more. Whilst this cat-
egorisation is convenient for clinical purposes, it is less
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helpful when considering the matter of prevention, where
back pain and its consequences tend to occur in an episod-
ic manner (de Vet et al. 2002)

In this guideline, recommendations concern common
low back pain, covering both episodic and persistent
symptoms: recurrent low back pain is defined as a new ep-
isode after a symptom-free period, not an exacerbation of
persistent low back pain.

The WG considered that, overall, nonspecific low back
pain is important not so much for its existence as for its
consequences. Therefore, this guideline considers the con-
sequences of common low back pain to be a primary con-
cern for prevention. Consequences are important from the
perspectives of the individual and of society. They include
broad issues such as recurrence (including severity and
disability), work loss, care seeking, health-related quality
of life, and compensation.

Epidemiology
The lifetime prevalence of low back pain is reported as
over 70% in industrialised countries (one-year prevalence
15% to 45%, adult incidence 5% per year).. The preva-
lence rate during school age approaches that seen in adults
(Watson et al. 2002; Taimela et al. 1997), increasing from
childhood to adolescence (Balague et al. 1999), and peak-
ing between ages 35 and 55 (Andersson 1997). Symptoms,
pathology, and radiological appearances are poorly corre-
lated. Pain cannot be attributed to pathology or neurologi-
cal encroachment in about 85% of people. A role of genet-
ic influence on liability to back pain is suggested from re-
cent research (Hestbaek et al. 2004; MacGregor et al.
2004)

Acute low back pain is usually considered to be self-
limiting (recovery rate 90% within 6 weeks) but 2%-7% of
people develop chronic pain. Recurrent and chronic back
pain is widely acknowledged to account for a substantial
proportion of total workers’ absenteeism. About half the
days lost from work are accounted for by the 85% of peo-
ple away from work for short periods (<7 days), whilst the
other half is accounted for by the 15% who are off work
for >1 month; this is reflected in the social costs of back
pain, where some 80% of the health care and social costs
are for the 10% with chronic pain and disability (Nachem-
son et al. 2000). 

These statistics, however, tend to be based on the clini-
cally convenient classification of acute and chronic,
which does not fully reflect the pattern of back pain
among the population. Recent evidence shows that back
pain manifests as an untidy pattern of symptomatic peri-
ods interspersed with less troublesome periods (Croft et
al. 1998; Hestbaek et al. 2003a; de Vet et al. 2002),
though for some the symptoms (and associated disability)
may become persistent. Around two-thirds of people are
likely to experience relapses of pain over 12-months, and
around a third are likely to have relapses of work absence
(Hestbaek et al. 2003b). These issues present interpretive

difficulties when considering prevention, but are consid-
ered, as far as is practical, in the formulation of this
guideline.

Importantly, for the scope of this guideline, back pain
should be seen as an issue for all ages, and all sectors of
society: the prevalence in adolescents is similar to adults
(Watson et al. 2002), and the prevalence in workers gener-
ally does not dramatically differ from non-workers
(Nachemson et al. 2000). It is important to distinguish be-
tween the presence of symptoms, care seeking, work loss,
and disability; these have different prevalence rates and
are influenced by a varying balance of biological, psycho-
logical, and social factors (Burton 1997; Nachemson et al.
2000). For instance, an episode of back pain can occur for
no apparent reason or may result from some strenuous
event (whether during work or leisure), whilst disability
and sick leave are influenced largely by psychosocial fac-
tors (Waddell & Burton 2000).

The issue of risk factors for low back pain is clearly
highly relevant to the concept of prevention, but the sub-
ject is poorly understood and inconsistently documented.
The most powerful risk factor for a new episode of back
pain is a previous history, where the 12-month risk is ap-
proximately doubled (Hestbaek et al. 2003b). Beyond that,
the most frequently reported risk factors are heavy physi-
cal work, frequent bending, twisting, lifting, pulling and
pushing, repetitive work, static postures and vibrations
(Andersson 1997). Psychosocial risk factors include stress,
distress, anxiety, depression, cognitive functioning, and
pain behaviour job dissatisfaction and mental stress at
work (Andersson 1997; Hoogendoorn et al. 2000; Linton
2000). However, there is limited evidence for these [pur-
ported] risk factors, and those that are well documented
frequently have small effect-sizes, which logically will
compromise the magnitude of preventive interventions.
Alternatively, in some occupational groups more substan-
tial effect-sizes may be apparent in highly exposed groups.
Some purported risk factors (e.g. smoking and obesity)
may be more a matter of general health, yet may influence
certain back pain outcomes. This guideline considers as
wide a range of potential risk factors as is permitted by the
available evidence on prevention. However, the risk for
long-term incapacity, which is influenced by complex so-
cial factors (Waddell et al. 2003), is generally beyond the
scope of this guideline.

Outcomes and interventions
The working Group (WG) spent considerable time debat-
ing the focus of this guideline, and attempting to produce a
working definition of ‘prevention’.

The conceptual focus of the guideline was determined
to be prevention of future aspects of low back pain, as op-
posed to manifestations of the current spell. Taking ac-
count of the epidemiology of back pain, the WG conclud-
ed that prevention of the first onset of common low back
pain (especially in adults) is, to all intents and purposes,
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likely to be impracticable. Nevertheless, interventions di-
rected at such were not excluded. The WG, in principle,
recognised the distinction between ‘primary’ and ‘second-
ary’ prevention, but concluded (as have others (Jellema et
al. 2001)) that the distinction is difficult to determine in
practice, and preferred not to use the terms.

Certain aspects of the back pain phenomenon are gen-
erally excluded from this guideline. Severe spinal injury
and serious pathology are excluded by definition. In addi-
tion, prevention of structural changes such as ‘degenera-
tion’, along with risk factor modification, modification of
psychosocial variables, and screening procedures (unless
there is concomitant specific influence on back pain out-
comes) are also excluded for adults. In recognition of
widespread interest in back pain among schoolchildren,
and the possibility of prevention of consequences later in
life, the WG decided not to exclude general consideration
of potentially modifiable risk factors for back pain in this
population.

It is accepted that there is a vast number of ‘interven-
tions’ that purportedly will ‘prevent’ (some aspect of)
common low back pain, but scientific evidence may be ab-
solutely lacking. Not all possible interventions will be in-
cluded in this guideline, largely because they are idiosyn-
cratic, non-generalisable, or untested. That is not to say
they cannot be shown effective at some future date. 

A broad categorisation of included interventions would
be: information/advice, activity/exercise, ergonomics, or-
ganisational change, furniture, clothing, and orthoses.
Clearly, some interventions involve an active element, and
some will concern avoidance, whilst others may involve
less direct approaches, such as addressing inappropriate
beliefs (Ihlebæk & Eriksen 2003), or interfacing with so-
cial reorganisation (Scheel et al. 2002). Specific interven-
tions may not be universally applicable; rather they will be
variously suited to the general population, workers, and
school age. The WG recognised the potential for overlap
with the accompanying clinical guidelines addressing
acute and chronic back pain, and pelvic pain, and that
these ‘clinical’ interventions may have a preventive effect
on some outcomes. Furthermore, it was recognised that
preventive interventions could not (and should not) ex-
clude people with existing back symptoms. To accommo-
date these issues, it was decided that interventions that are
essentially treatments focused on management of current
symptoms in the clinical environment would not be con-
sidered as ‘prevention’ for the purposes of this guideline,
unless the intervention has an explicit intent to prevent fu-
ture consequences.

Judgement is necessary when using evidence state-
ments to guide decision making, and it needs to be recog-
nised that weak evidence statements on a particular rela-
tionship or effect does not necessarily mean that it is un-
true or unimportant; it may simply reflect either insuffi-
cient evidence or the limitations of current scientific en-
deavour.

Of necessity, there will be some measure of overlap be-
tween interventions directed at the general population and
workers. The same basic interventions may apply equally
to both, but their nature and location of delivery will dif-
fer. It is possible that the evidence will overlap, and may
not necessarily come to identical conclusions. 

The WG recognises that access to interventions, the
ability to act on health advice, and the capacity to influence
ones own health can be significantly influenced by socioe-
conomic variables, and it has been shown that clinical
guidelines generally do not take the effects of socioeco-
nomic position into account (Aldrich et al. 2003); this is
likely to be true also for other types of guidelines. It is not
the purpose of this guideline to address the socioeconomic
position and its influences in respect of the recommenda-
tions given here. Yet the WG would urge target groups to
take social inequalities into account when considering im-
plementation and take steps to reach populations that are
relatively disadvantaged, so as to avoid the risk of increas-
ing health inequalities. Finally, the WG offers recommen-
dations for future research that could improve our capacity
for prevention in low back pain.

Prevention in low back pain – general population

Introduction
The general population as a focus for prevention in back
problems is the largest and most heterogeneous group. It
includes different age groups, people with or without back
pain, with or without specific spinal disorders, working
and non-working people and many other possible sub-
groups that may or may not be mutually exclusive.

Therefore, decisions had to be made about the inclusion
criteria for studies in this context. Clearly, people under
the age of 18 years were excluded, since this topic is cov-
ered in another part of this guideline. 

It is a different issue with regard to other characteris-
tics, i.e. back pain or not and working or not. Although the
working population is also covered in another part of this
guideline, it was decided not to automatically exclude here
studies that were undertaken in the working population.
One reason is that many studies actually were performed
at the worksite, perhaps for ease of conduct and follow-up.
This does not necessarily mean that their results are not
applicable to a non-working population. In fact, for the
purpose of this part of the guideline, interventions at the
worksite can be distinguished into those that are specific
to the working community (e.g. worksite-based) and those
that are more or less generalisable. These potentially valu-
able studies were included to inform recommendations for
the general population, and the significant overlap to the
section on workers was accepted. 

As indicated in the general introduction, the high prev-
alence of back pain makes it impractical in most preven-
tive studies to separate people with back pain from asymp-
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tomatic people. Therefore, studies dealing with symptom-
atic people were not excluded.

In addition to the electronic searches using general key-
words to retrieve suitable articles, specific searches were
also made for literature relating to the use of beds/mat-
tresses, chairs and seats, shoe insoles, manipulation, and
massage for prevention in back pain. Furthermore, infor-
mation on preventing back pain in pregnancy was includ-
ed. Studies of risk factor modification that did not collect
health outcomes data were excluded. 

P1 Physical exercise

Evidence P1
Two systematic reviews (Linton & van Tulder 2001; La-
had et al. 1994), two further detailed overviews that in-
cluded findings from systematic reviews and RCTs (Vuori
2001; Lühmann et al. 2003), and one primary care guide-
line (US Preventive Services Task Force 2004) were found
on exercise for LBP-prevention in the general population.
The reviews are essentially based on the same studies. All
authors’ main conclusions were that physical exercise has
a positive effect in the prevention of back pain, further
episodes and work absence. Effect sizes were reported to
be small to moderate. For pregnant women one systematic
review (Young & Jewell 2003) was found, which conclud-
ed that water gymnastics has a preventive effect on future
back pain. 

Discussion / consensus P1
The studies covered in the reviews included a variety of
participants, used different exercise schedules, and mea-
sured a variety of health outcomes (e.g. duration and in-
tensity of pain, disability, work loss). The control groups
either received no intervention or information and advice.
No study compared different types or intensity of exercise.
The different contents of the activity programmes, their
description in the papers and the different outcome criteria
compromised the conclusions of the systematic reviews.
The frequency and duration of the intervention pro-
grammes varied substantially, ranging from an intensive
‘block’ programme (8 hours daily for 5 weeks) to exercise
sessions once per week for 18 months. The contents in-
cluded instructions for back extensor training followed by
regular training sessions for 13 months, training of trunk
flexors, and general aerobic exercise.

All studies used outcome measures for pain (pain inten-
sity, number of painful days or months or number of fur-
ther pain episodes). Most studies used the number of days
off work as the outcome measure for disability. Control
groups variously were waiting lists, no intervention or in-
formation/education.

All the RCTs were performed at the workplace or per-
formed in work-specific cohorts, but the contents of the
programmes were not described as workplace-specific and

(in principle) can be performed at the population level.
Therefore results from the reviews can be considered rele-
vant for general population. 

The heterogeneity of the contents and frequency/dura-
tion of interventions makes it difficult to determine what
type of intervention (specific exercises or general exer-
cise/activity) might be the most effective. Surprisingly,
since publication of the review by Lahad et al (Lahad et al.
1994), very few new RCTs on this topic have been per-
formed. One study compared an individually designed
programme using psychological principles with advice to
be active along with free membership to a health club, and
found no difference in pain as the outcome measure (Lin-
ton et al. 1996). Some light may be shed on different ap-
proaches by the results of the studies by Mannion et al.
who compared aerobic exercise, physiotherapy and specif-
ic trunk muscle training in people with LBP persisting for
several months (usually considered to represent chronic
symptoms); they found no short term difference in pain in-
tensity between the different kinds of interventions (Man-
nion et al. 1999). 

The reviews reported consistently that exercise reduced
sick leave. There were inconsistent findings with respect
to pain reduction and the occurrence of further episodes.
Two studies found a positive effect on future pain, whilst
four studies found no change. No study reported any
harmful effect of physical activity or worsening of symp-
toms. 

The conclusion in respect of pregnancy in the Young
and Jewell review, which was not of high quality (Young
& Jewell 2003), is based on one study (Kihlstrand et al.
1999), comparing weekly water gymnastics with no treat-
ment. Women in the water gymnastics group reported sig-
nificantly less pain at one week after birth and were less
likely to be off work due to back pain; the calculated effect
sizes were small. In pregnancy it is not known, whether
the positive effect of water gymnastics is related to general
activity (and will then fall under our general recommenda-
tion for activity) or a specific effect of exercise in water
(e.g. reduced gravitational effect). In any case the evi-
dence is weak.

Recommendation P1: Physical exercise
Physical exercise is recommended to prevent work absen-
teeism due to back pain and the occurrence or duration of
further back pain episodes (Level A). The effect size is
moderate. There is insufficient evidence to recommend for
or against any specific kind of exercise, or the frequen-
cy/intensity of training (Level B). Water gymnastics may
be recommended to reduce (short-term) back pain and ex-
tended work loss during and following pregnancy (Level
C).
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P2: Information / education / training 
(back schools)

Evidence P2 (1): Information and education
One systematic review (van Poppel et al. 1997) found in-
consistent results on the effect of information for preven-
tion in back pain. More recently, a controlled trial of a
public health multi-media campaign found improved be-
liefs about back pain, a reduction in days off work and re-
duced use of the health care system (Buchbinder et al.
2001). 

Discussion / consensus P2 (1) 
Various studies of the effect of information and education
to prevent consequences of back pain (further episodes;
work loss; use of health care) yield inconsistent results.
Symonds et al compared a traditional ‘good posture’ pam-
phlet to a psychosocial pamphlet focused on fear avoid-
ance beliefs among workers. The latter pamphlet reduced
the number of days of future work loss and the number of
spells with extended absence (Symonds et al. 1995). In a
study in a Health Maintenance Organisation Cherkin et al.
sent out an educational booklet containing anatomical in-
formation as well as promoting early recovery; they com-
pared this to usual care and to a 20-minute information
session plus handing out the booklet (Cherkin et al. 1996).
During one-year-follow-up there was no significant reduc-
tion between the groups with respect to health care use or
symptoms. Cherkin et al compared the same booklet with
chiropractic (Cherkin et al. 1998), whilst Hazard et al.
compared a small pamphlet with giving no information
(Hazard et al. 2000); neither found significant changes in
outcome from the information. Linton and Ryberg investi-
gated the effect of 6-session cognitive behavioural group
intervention in acute or subacute back patients, comparing
it with usual care (Linton & Ryberg 2001). The risk for
long-term sick leave was significantly reduced in the inter-
vention group. 

A population-level approach for distributing informa-
tion was used by Buchbinder et al in Australia (Buch-
binder et al. 2001). The information, based on a biopsy-
chosocial model and fostering early return to normal activ-
ities, was delivered by a mass media campaign (e.g. TV-
slots with local and international medical experts and
celebrities, advertising hoardings, news articles, and phy-
sician education). The follow up yielded a significant re-
duction in days off work and use of the health care system.
In order to understand the conflicting results several as-
pects need to be considered. 

The preventive effect of information alone may be
weak. The effect size is likely to vary in combination with
other interventions, such as physical exercise or treatment
(the combination of physical exercise and information is
discussed below in the back school section). Information
may have a higher impact in a treatment setting, when
people/patients are actually affected by a specific problem;

they may be more susceptible to this information com-
pared to a preventive setting, when the information is less
relevant at the given time. This aspect is supported by the
fact that information and education is an inherent and pos-
sibly important aspect of multidisciplinary programmes. 

A narrative review by Burton and Waddell made an at-
tempt to distinguish studies by the content of the informa-
tion being transmitted (Burton & Waddell 2002). They
concluded that traditional approaches based on a biomedi-
cal model can convey negative messages about back pain
with damaging effects on patients’ beliefs and behaviours.
In contrast, carefully selected and presented information
based on a biopsychosocial model may have a positive ef-
fect. They estimated the power of written information to
be relatively weak nevertheless it may be cost-effective
due to its low per-person costs. Recent studies (Buch-
binder et al. 2001; Burton et al. 1999) variously reported
positive results for beliefs, future disability, future work
loss and use of health care, but older studies reported in-
consistent results. Those recent studies are strongly based
on the fear avoidance concept, which fits the biopsychoso-
cial model, while many of the older studies contain a mix-
ture of biomechanical and psychosocial information. A
problem occurs in pooling or judging these studies be-
cause the ‘active ingredients’ and the mixture of the mes-
sages vary considerably between the different studies. In
conclusion, there is evidence from the more recent studies
that information based on the biopsychosocial model, fo-
cusing particularly on beliefs, is potentially beneficial for
reducing work loss, further spells of LBP and the utiliza-
tion of health care. However, it is appreciated that this evi-
dence is somewhat limited. By contrast, providing infor-
mation based on a biomedical model or biomechanics
principles has not been shown to have a positive effect for
prevention in back pain.

Information to the public comes not only from specific
interventions but also from the general activities of the
media, with a probability of inconsistent messages and
varying intensity. Even within specific interventions, the
intensity of delivery varies considerably - several group
sessions will expose the recipient more intensely than will
a pamphlet (Linton & Andersson 2000). Therefore, dose-
response and cost-benefit aspects need to be considered; a
higher intensity delivery may have a higher impact on the
recipient, but is likely to be more expensive – local cir-
cumstances/needs will need to be considered. There is cur-
rently insufficient evidence from RCTs and reviews to
give specific recommendations about what quantity, inten-
sity or media may be optimal for delivering information to
the population, or what the cost-benefits may be.

Recommendation P2 (1): Information 
and Education
Information and education about back pain, if based on
biopsychosocial principles, should be considered for the
general population; it improves back beliefs, and can have
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a positive influence on health and vocational outcomes,
though the effect size may be relatively small (Level C).
Information and education focused principally on a bio-
medical or biomechanical model cannot be recommended
(Level C).

Evidence P2 (2): Back schools / training 
Two systematic reviews (Linton & van Tulder 2001; Hey-
mans et al. 2004) and one review that included systematic
reviews and RCTs (Lühmann et al. 1999) came to different
conclusions on the effect of back schools. Linton et al. and
Lühmann focused on interventions based on the Swedish
back school with emphasis on proper lifting techniques.
Both reviews concluded that there is no positive effect on
back pain or further work loss. 

The recent Cochrane review (Heymans et al. 2004) in-
cluded 19 RCTs. Back school in this review was defined
as a group intervention, conducted or supervised by a
paramedical therapist or a medical specialist, which con-
sisted of both an education/skills programme and exercis-
es. The review did not distinguish between preventive and
therapeutic interventions; most studies were designed as
therapeutic studies. The authors concluded that there was
(1) conflicting evidence on the effectiveness of back
schools, compared with other treatments for acute or sub-
acute pain, on further work loss; (2) limited evidence that
back schools show no differences in long term recurrence
rates of LBP episodes. The same evidence level was found
when back schools were compared to placebo treatment or
waiting list controls. The authors concluded that back
schools may be effective for patients with recurrent and
chronic pain, with the most promising interventions being
those with a high intensity (3-5 week stay in specialized
centres). The effect sizes of these interventions were
judged small.

Discussion / consensus P2 (2)
The conclusion that there is no positive effect of back
schools (Linton & van Tulder 2001; Lühmann et al. 2003)
is different from the most recent review (Heymans et al.
2004), reflecting different approaches and search strate-
gies (more studies were included in the latter). 

The systematic review of Linton et al (Linton & van
Tulder 2001) covers two RCTs ((Daltroy et al. 1997;
Donchin et al. 1990)) and the review by Lühmann (Lüh-
mann et al. 2003) covers three RCTs ((Daltroy et al. 1997;
Donchin et al. 1990; Lonn et al. 1999)). The large study by
Daltroy et al (Daltroy et al. 1997) on 2,543 postal workers
investigated the effect of proper lifting techniques. The
study group that was educated in the ‘proper’ lifting tech-
niques according to the Swedish back school had no reduc-
tion in further episodes of back pain or days off work.
Donchin et al compared back school, active exercises and
no intervention in 142 hospital workers, and found that
back school was less effective in the prevention of future
days with back pain, compared to the active programme

(Donchin et al. 1990). Lonn et al, with 81 participants,
found a positive effect on future episodes and days off
work in the back school group compared to no interven-
tion; the programme was intensive (20 hours.) and the rela-
tion between active to educational elements was 2:1 (Lonn
et al. 1999).

The most recent systematic review included 19 RCTs
(Heymans et al. 2004). Back school in this review was de-
fined as a group intervention, conducted or supervised by
a paramedical therapist or a medical specialist, which
comprised an education and skills programme including
exercises. There was considerable variation between the
RCTs with respect to several criteria: 

– duration and content of programme: minimum 3 x 45
minutes, maximum 3-week inpatient setting 

– duration of symptoms: acute, subacute, chronic patients 
– pain distribution: with or without pain radiation, or not

described
– control intervention: waiting list, placebo treatment, ex-

ercises, advice, spinal manipulation
– demographics: age, gender.

The authors rated the methodological quality high in four
studies and low in 15 studies. One aspect of the low quali-
ty of the studies was the poor description of the exact con-
tent of the interventions. In addition to the intensity of the
programme, this refers to the ratio between passive, educa-
tional elements and the active ‘training’ parts, as well as to
the exact content and wording during the educational ses-
sions. The latter is more difficult to describe and control
compared to written information. However, the outcome
may be highly influenced by the specific content of the ed-
ucation, in particular whether a biopsychosocial or a bio-
medical/biomechanical approach was emphasized. Seem-
ingly, most studies used a combination of both, which
makes it difficult to study subgroups with respect to the
approach being used. Subgroup analyses for duration of
symptoms [(sub)acute (<12 weeks), chronic (>12 weeks)],
or occupational setting were performed. However, sub-
group analysis for radiation of symptoms was not possible
and neither was subgroup analysis with respect to whether
different types of back school programmes may be effec-
tive in specific subgroups of patients / individuals. There-
fore a cost-effectiveness analysis was not possible. For
chronic LBP patients, moderate evidence was found that
back schools are more effective than exercises alone, spi-
nal manipulation, or advice alone with respect to pain re-
lief and improvement of functional status in short-term
outcomes. There was moderate evidence that back schools
are not effective in the long term. The evidence was con-
sidered conflicting on whether back schools for chronic
LBP patients are more effective than placebo treatment or
waiting list controls for both short- and long-term out-
comes for pain, (perceived) functional status and work
loss (Heymans et al. 2004).
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In addition to the limitations of heterogeneity of the
study populations, the low methodological quality of most
of the studies and the inclusion of acute and chronic pa-
tients in all studies, it is uncertain if the findings from pa-
tients can be transferred to a general population setting.
The conclusion of the authors (Heymans et al. 2004) with
respect to the effectiveness of very intensive (3-5 weeks)
programmes brings up a problem of definitions for ‘back
school’ and ‘multidisciplinary programmes’. 

Recommendation P2 (2): Back schools / training
Back schools based on a biomechanical approach with em-
phasis on teaching lifting techniques are not recommended
(Level A). High intensity back schools, which comprise
both an educational/skills programme and exercises, can be
recommended for patients with recurrent and persistent
pain (Level B). The effect sizes of these interventions may
be relatively small. 

P3: Lumbar supports / back belts

Evidence P3
Two systematic reviews (Linton & van Tulder 2001; La-
had et al. 1994), two reviews that included systematic re-
views and RCTs (Vuori 2001; Lühmann et al. 2003), and
one primary care guideline (US Preventive Services Task
Force 2004) evaluated five RCTs and two non-randomised
trials on lumbar supports/back belts for prevention of back
pain or back problems. All concluded that lumbar support
or back belts are no more beneficial than either no inter-
vention or other preventive interventions, and that they
may even be detrimental. (This is consistent with more
studies considered below in the section related to work-
ers). The combination of back belts with back school is no
better or worse than back school alone.

Discussion / consensus P3
There was consensus that, in the absence of any beneficial
effect in the workplace setting, it can be concluded that
there is no preventive effect for the general population. It
was noted that the US Preventive Services Task Force
guideline recommended against the use of back belts in
primary care (US Preventive Services Task Force 2004). 

Recommendation P3: Lumbar supports / back belts
Lumbar supports/back belts are not recommended for
prevention in LBP among the general population (Level
A).

P4: Furniture

Evidence P4 (1): Mattresses
No systematic reviews on the use of mattresses for the pre-
vention of back pain were found. Twelve published studies

were found which reported interventions aiming at reduc-
ing back pain by using different mattresses: seven RCTs
(Kovacs et al. 2003a; Enck et al. 1999; Dubb & Driver
1993; Scriver et al. 1994; Garfin & Pye 1981; Sulzbach et
al. 1995; Atherton et al. 1981) (five of which were either
non-blinded or single blind); four cohort studies (Jacobson
et al. 2002; Monsein et al. 2000; Haex et al. 1998; Hagino
1997); one survey (Koul et al. 2000). Eight of the 12 stud-
ies enrolled patients with chronic back pain, and two oth-
ers were conducted on hospitalized patients. The design of
the studies, their methodological quality and the results do
not allow any conclusions with respect to prevention in
back pain, though one RCT suggests patients may have
less pain with a medium-firm rather than hard mattress
(Kovacs et al. 2003a).

Discussion / consensus P4 (1)
There is very little high quality research published on
beds/mattresses, so we also contacted leading manufac-
turers of mattresses and asked for any data they had on-
file; we were not alerted to any additional trial data from
the manufacturers about back pain prevention. The only
study oriented to primary prevention (Enck et al. 1999)
reported an effect for improved quality of sleep on new
mattresses compared to the old hotel mattresses of a dif-
ferent kind; there was no effect on back pain.. However,
it was of low quality; very short duration of intervention
(1-2 nights), outcomes assessed only on the morning af-
ter, low participation rate, and only nine mattresses were
used (three of each kind). This makes any generalization
of the results impossible. The survey conducted by Koul
et al surveyed residents in a hospital after sleeping on
foam mattresses during hospital shifts compared with
cotton mattresses at home; they reported back pain on the
day after a night shift (Koul et al. 2000). This was not an
RCT, compared sleeping at work to sleeping at home,
with no control for the effect of shift pattern, and did not
specify and control the amount of hours each resident
slept. The only high quality RCT in this area (Kovacs et
al. 2003a) enrolled 313 adults from the community who
reported persistent nonspecific low-back pain. Using
double blinding, participants were randomly assigned to
use mattresses of two different levels of firmness (medi-
um-firm and hard). At 90 days follow-up subjects using
the medium-form mattresses had better outcomes for
pain in bed and disability compared to those using the
hard mattress; during follow-up they reported less pain
on rising, during the day and when lying in bed. The re-
sulting benefits from a medium as opposed to hard mat-
tress were interesting, and conflict with the traditional
anecdotal view that harder mattresses are preferable for
patients with back pain. However, the study was conduct-
ed only on subjects with persistent back pain, and was
not planned as a preventive study; thus, firm conclusions
on preventive recommendations for the general popula-
tion cannot be derived from its results. No scientific sup-
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port for manufacturers’ claims of preventive benefit from
particular mattresses was evident.

Recommendation P4 (1): Mattresses
There is insufficient robust evidence to recommend for or
against any specific mattresses for prevention in back pain
(Level C), though existing persistent symptoms may re-
duce with a medium-firm rather than a hard mattress (Lev-
el C). 

Evidence P4 (2): Chairs
No acceptable evidence for any preventive aspects of
chairs was found. The three studies retrieved (Van & Note-
boom 1988; van Deursin & Patijn 1999; Udo et al. 1999)
had inappropriate methodology. 

Discussion / consensus P4 (2)
No systematic reviews of studies on the effect of chairs or
sitting related to prevention of LBP were found. No RCTs
or acceptable controlled trials (CT) were found. A narra-
tive review was retrieved, but that concerned (a) sitting
biomechanics and (b) an ‘optimal car driver’s seat’ (Harri-
son et al. 2000; Harrison et al. 1999). The one article with
seeming potential in respect of prevention (Udo et al.
1999), involved small numbers and chair use was for just
one hour; evaluation of the effect of different chairs on
back pain over short durations may inform on comfort, but
do not provide evidence on prevention. The two articles
with larger numbers (Van & Noteboom 1988; van Deursin
& Patijn 1999) used patients experiencing persistent back
pain; the studies had methodological problems (e.g. high
percent of lost to follow up, short duration of follow-up,
and subjects being withdrawn due to leg pain), which
compromised drawing firm conclusions. 

Recommendation P4 (2): Chairs
There is insufficient evidence to recommend for or against
any specific chairs for prevention in LBP (Level D).

P5: Shoe insoles / correction of leg length 
discrepancies

Evidence P5
No systematic reviews on the use of shoe insoles, shock
absorbing heel inserts, or orthoses for the prevention of
back pain were found. We identified seven clinical trials
with an intervention aiming at reducing back pain by use
of different insoles: only two of those reported a beneficial
effect from orthoses (Fauno et al. 1993; Tooms et al.
1987). No acceptable study concerning prevention of LBP
by correction of leg length discrepancy was identified.

Discussion / consensus P5
Four non-blinded RCTs (Larsen et al. 2002a; Fauno et al.
1993; Tooms et al. 1987; Schwellnus et al. 1990), one

double blind RCT (Milgrom et al. 2005) and two CTs
with cross over design (Sobel et al. 2001; Basford &
Smith 1988) were found. The studies included over 2,000
participants, using orthoses for five days up to three
months. Overall, the quality of the studies was fair to
good.

The two trials with beneficial effect (Fauno et al. 1993;
Tooms et al. 1987) were the smallest studies (total 199
subjects), and had numerous methodological weaknesses
(analysis not on intention to treat basis, treatment alloca-
tion not blinded, insoles used during soccer games for five
days only). The larger and more methodologically rigor-
ous studies (Larsen et al. 2002a; Schwellnus et al. 1990;
Milgrom et al. 2005) found no effect of orthoses on reduc-
ing back pain. All the studies enrolled subjects with high
physical activity levels (soldiers, soccer referees, nursing
students and policemen), and were thus not fully represen-
tative of the general population. 

In a survey of 186 Dutch orthopaedists and rehabilita-
tion practitioners, there was agreement that the prescrip-
tion of orthopaedic footwear should not be considered for
back pain (Boer & Seydel 1998); this was not a scientific
review but rather a report on professional opinions. 

Two narrative reviews reported on correction of leg
length inequality as a possible preventive measured for
back pain (Brady et al. 2003; Gurney & Pye 2002). They
found 12 articles that investigated the link between limb
length inequality and LBP, but any association was not
supported unequivocally; the only association found was
when the discrepancy was over 10 mm. All the interven-
tion studies (none of which were RCTs or CTs) included
in one of the reviews concerned patients with persistent
LBP; the authors concluded that there is ‘limited data to
support lift therapy for treatment of LBP’ (Brady et al.
2003). Based on the above data there is no acceptable ev-
idence for interventions aimed at correction of leg length
discrepancy for prevention in LBP.

Recommendation P5: Shoe insoles / correction 
of leg length discrepancies
The use of shoe insoles or orthoses is not recommended
for prevention of back problems (level A). There is insuf-
ficient evidence to recommend for or against correction of
leg length inequality for prevention in LBP (level D).

P6: manipulation

Evidence P6
No acceptable studies reporting on the value of regular
manipulative treatment for prevention of LBP were found. 

Discussion /consensus P6
In view of the contention by some manipulative practition-
ers that regular manipulative treatment can be helpful in
preventing some consequences of back pain (e.g. reduced
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frequency or severity) the topic was included in this guide-
line. 

The only retrieved RCT of manipulation with long-
term (3-years) follow-up compared hospital-based physio-
therapy treatment with private chiropractic manipulation
(Meade et al. 1995). The chiropractic treatment involved
up to 10 treatments at the beginning of the study. The re-
sults were significantly better in the manipulation group,
but the fact that the intervention was only in the first few
weeks provides no evidence about regular treatment. Fur-
thermore, a cohort study of patients receiving osteopathic
manipulation for LBP found during 4-year follow-up that
recurrence and further care seeking were common, and
that few patients were totally free of pain or disability at
follow-up (Burton et al. 2004).

Recommendation P6 
No evidence was found to support recommending regular
manipulative treatment for the prevention in LBP (Level
D).

Prevention in low back pain – workers

Introduction
The focus of this section is to provide a set of evidence-
based recommendations to prevent low back pain and/or
its consequences in the workforce. The target population is
workers with or without existing low back symptoms, but
interventions targeting workers consulting health care
providers were excluded. Interventions to simply reduce
return-to-work time were only included if there was fol-
low-up focussing on recurrence of LBP and/or conse-
quences of LBP. The only exception to this rule was the
intervention ‘modified work’, because this is not covered
by the accompanying clinical guidelines.

Interventions aimed at preventing LBP in the work-
force can be categorised into (i) individual focus; (ii)
physical ergonomics; (iii) organisational ergonomics. All
three categories were eligible, as long as they aim to re-
duce LBP or its consequences among workers in the occu-
pational setting. Because similar interventions can also be
implemented at the population level, there will be some
overlap with the population section. 

Some of the interventions include a number of discrete
dimensions but, when possible, evidence for ‘general’ in-
terventions was translated into specific recommendations
for unambiguous and specific interventions - for instance,
education was used as a main heading, with back schools
and leaflets/pamphlets as subheadings. Similarly, numer-
ous interventions include several additive dimensions, par-
ticularly for interventions described as ‘physical ergonom-
ics’ - the following grouping was used: (i) physical er-
gonomic interventions (main component is a change fo-
cussing on biomechanical exposure at work); (ii) organisa-
tional ergonomic interventions aiming at the work organi-

sation (alone or as the main dimension of the interven-
tion); (iii) multidimensional interventions (interventions in
which ‘changing the physical and/or work organisation’ is
present, but not the main dimension). The included inter-
ventions are directed predominantly towards workers and
their immediate environment. 

Provision of occupational health services was not con-
sidered to be a preventive intervention for the purposes of
this guideline, and is the subject of other national guide-
lines (Staal et al. 2003). However, the WG recognises that
occupational health has an important role in supporting and
enhancing other interventions. Occupational health inter-
ventions concerning return-to-work were included where
the intervention was the provision of ‘modified work’ for
workers sick-listed due to LBP, and the intention was re-
turn to regular work. Non-health care interventions aiming
at early return-to-work were also included if there was fol-
low-up focussing on recurrence of (sick leave due to) LBP. 

Interventions directed at social change or altering the
(sickness certification) behaviour of clinicians were ex-
cluded. Workplace surveillance may be useful to identify
factors associated with the risk of disability due to LBP
(Ferguson & Marras 1997), but since surveillance is not a
preventive measure in itself, it was excluded. Similarly,
medical assessment of ‘fitness to work’ was also excluded,
though it is recognised that that could have a significant
impact on lost work time.

Four types of factors are commonly found in the litera-
ture covering occupational epidemiology and ergonomics:
(i) exposure to [purported] risk factors for LBP; (ii) per-
ceived exertion, discomfort or fatigue; (iii) occurrence
and/or recurrence of LBP; (iv) sick leave due to LBP. The
evaluation of ergonomic interventions is often based on
exposure to risk factors and on perceived exertion, dis-
comfort or fatigue – studies having these outcomes alone
were excluded, but studies reporting on the occurrence
and/or recurrence of (sick leave due to) LBP were includ-
ed. Occasionally, the incidence rate of back injuries is
used as an outcome measure, but it needs to be acknowl-
edged that use of the concept of ‘injury’ is imprecise - the
reporting of an injury can be driven more by legal and
compensation requirements than objectively demonstrable
injury. In view of the wide variety of outcome measures
found in the literature (e.g. self-reported symptoms, sick
leave, occupational back pain, low back injuries, compens-
able LBP), it was necessary to apply a ‘consensus interpre-
tation’ when formulating recommendations.

W1 Physical exercise / physical activity

Evidence W1

Prevention of (sick leave due to) LBP
There is evidence for moderate positive effects of physical
exercise to prevent LBP. In seven different reviews, RCTs
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on different types of physical exercise interventions have
been evaluated. The reviews are essentially based on the
same studies. In addition to the reviews, two individual
studies have been added (Larsen et al. 2002b; Amako et al.
2003). They do not alter the conclusions from the reviews.
Six reviews concluded that there is some evidence of ef-
fect of exercise (Lahad et al. 1994; Gebhardt 1994; van
Poppel et al. 1997; Maher 2000; Linton & van Tulder
2001; Tveito et al. 2004), whilst one review (Waddell &
Burton 2001) concluded that there was contradictory evi-
dence that various general exercise/physical fitness pro-
grammes reduce future LBP and work loss, and that any
effect size was modest. In the most recent review (Tveito
et al. 2004) the authors concluded that there was limited
evidence of effect of exercise on sick leave and new
episodes of LBP, but no evidence of effect of exercise on
level of pain. 

Prevention of recurrence of (sick leave due to) LBP
No systematic reviews were found for this topic, but there
is strong evidence for positive effects of physical exercise
to prevent recurrence of LBP and limited evidence of posi-
tive effects of physical exercise in the prevention of recur-
rence of sick leave due to LBP. This can be concluded
from four studies among workers that included recurrence
of (sick leave due to) LBP (Lonn et al. 1999; Soukup et al.
1999; Taimela et al. 2000; Glomsrød et al. 2001), two of
which originated from the same trial (Lonn et al. 1999;
Glomsrød et al. 2001). One prospective cohort study using
interrupted time series (Taimela et al. 2000) found positive
effects of regular physical exercise for both recurrence of
LBP and recurrence of sick leave due to LBP. An RCT
evaluating the effects of a Mensendieck exercise pro-
gramme reported positive effects for recurrence of LBP
(Soukup et al. 1999). Recently, the conclusion from the
evidence of positive effects of physical exercise in the pre-
vention of recurrence of sick leave due to LBP was indi-
rectly confirmed by a meta-analysis (Kool et al. 2004). It
was shown that the overall effect for studies with a follow-
up period of two years or longer was positive. This indi-
cates that recurrence of sick leave due to LBP can be re-
duced by physical exercise. However, for the same inter-
vention, Kool and colleagues reported that the effect on
workers receiving a disability allowance was small and not
significant (Kool et al. 2004).

Discussion / consensus W1
There is no evidence that any particular type of exercise is
superior to another. It is not clear what type of exercise,
intensity or duration may be effective for prevention in
LBP in workers. One of the main problems when evaluat-
ing different exercise interventions is that the descriptions
of the exercise programmes, both in the reviews and in the
original studies, are very limited. In one meta-analysis of
the effects of physical exercise the duration of the inter-
ventions ranged from eight weeks to two years, the time of

post-intervention measurement ranged from directly after
the intervention to two years after the intervention (Geb-
hardt 1994). It is therefore difficult to interpret the results,
and the combined effect size. Another problem is adher-
ence to exercise programmes - it is often unclear if the
workers actually did participate in the programme, and for
how many sessions. 

There are epidemiological studies suggesting that phys-
ical activity is beneficial to prevent LBP. However, the
vast majority of intervention studies at the work site are
physical exercise programmes, and not physical activity
programmes. Physical exercise programmes are typically
aimed at strengthening back extensors or flexors, increas-
ing flexibility, or improving cardiovascular fitness. We do
not know much about the possible pathways between exer-
cise and prevention in LBP. Some of the possible physio-
logical pathways are described by Lahad et al. (Lahad et
al. 1994). It is also possible that the effect of exercise is a
essentially cognitive behavioural treatment, where the
main effects are related to increased activity, and a possi-
ble reduction of fear avoidance beliefs/behaviours.

The conclusions from the different reviews are quite
consistent. Lahad et al reported that in all randomised tri-
als reviewed, subjects in the intervention groups had fewer
days of work loss because of back pain or fewer days with
back pain than controls, yet concluded that there is limited
evidence to recommend exercise to prevent low back pain
in asymptomatic individuals (Lahad et al. 1994). Gebhardt
concluded that exercise had a positive effect on the inci-
dence of back pain and on sick leave (Gebhardt 1994). In
the Van Poppel review, three RCTs on the effectiveness of
exercise in the prevention of back pain were included, and
they found limited evidence of a positive effect of exercise
(van Poppel et al. 1997). The results of the studies were
homogeneous, but all three studies were of low quality,
and they estimated the combined effect size to be about
half a standard deviation (medium effect), for both the in-
cidence of back pain and sick leave. Maher concluded that
workplace exercise is effective in preventing back pain,
and specified in the conclusion that there is limited evi-
dence that exercise reduces the prevalence of LBP (Maher
2000). 

There is moderate evidence that exercise reduces the
severity of LBP and that exercise reduces sick leave due to
LBP. The Linton and Van Tulder review concluded that
exercise showed stable positive results in RCTs, giving
consistent evidence of relatively moderate utility in pre-
vention (Linton & van Tulder 2001). Six RCTs were in-
cluded evaluating the effectiveness of an exercise pro-
gramme for various types of workers. The results of four
of the five studies comparing exercises with no interven-
tion showed that exercises significantly reduced back pain
experience and reduced work absenteeism. They conclud-
ed that there is consistent evidence that exercise may be
effective in prevention of back pain, but there is inconsis-
tent evidence on the effectiveness of exercise when com-

S149



pared with other ‘effective’ interventions. Only one review
concluded that there is contradictory evidence that various
general exercise/physical fitness programmes may reduce
future LBP and work loss, with a modest effect size ap-
pears (Waddell & Burton 2001) – those conclusions may
depend on outcomes and definitions. The most recent re-
view by Tveito et al included six studies that assessed the
effect of exercise to prevent LBP (Tveito et al. 2004). Two
studies assessed the effect of exercise on sick leave, and
both showed important significant effects. However, there
was a risk of selection bias and low scores on internal va-
lidity. Therefore, the authors concluded that there was lim-
ited evidence for a positive effect from exercise on sick
leave. Three of the studies reported an effect of exercise
on new episodes of LBP. All studies showed important
significant effects between the groups, but had a risk of
bias. There was limited evidence that exercise has an ef-
fect on new episodes of LBP. Three studies assessed effect
on level of pain, and it was concluded that there was no
evidence of effect of exercise on level of pain. 

Finally, it should be stressed that it is far from clear
what type of exercise, including its intensity, frequency
and duration, is required to prevent occurrence or recur-
rence of (sick leave due to) LBP in workers. Furthermore,
physical ‘exercise’, as reviewed here, differs from back-
specific ‘exercises’ recommended by clinicians.

Recommendation W1
Physical exercise may be recommended in the prevention
of LBP (Level A). Furthermore, physical exercise may be
recommended in the prevention of recurrence of LBP
(Level A) and in the prevention of recurrence of sick leave
due to LBP (Level C).

W2: Information / advice / instruction 

Evidence W2 

Prevention of (sick leave due to) LBP
Information/advice/instruction includes a broad range of
interventions, ranging from distributing pamphlets to com-
prehensive “back school programmes” that also include
physical exercise (see discussion). Education is the term
that will be used here. There is evidence of a general lack
of effect from educational interventions for the prevention
of (sick leave due to) LBP. In eight different systematic re-
views, and one evidence review, RCTs on different educa-
tional interventions have been evaluated. The reviews are
essentially based on the same studies. In addition to the re-
views, two individual studies have been added (Alexandre
et al. 2001; Fanello et al. 2002). They do not alter the con-
clusions from the reviews. Six reviews (Lahad et al. 1994;
van Poppel et al. 1997; Maher 2000; Linton & van Tulder
2001; Waddell & Burton 2001; Tveito et al. 2004) con-
cluded that there is no effect of information/advice/in-

struction for preventing sick leave, episodes or costs. One
review concluded that there are strong effects on recipi-
ents’ knowledge of ‘correct’ back posture and movements,
and on knowledge of back school contents. However, the
interventions had only small effects on health outcome
variables and no effects on clinical variables (e.g. pain)
(Maier-Riehle & Härter 2001). One review concluded that
there was a modest relationship between training of em-
ployees and a decrease in the occurrence of back pain or
duration of sick leave associated with back pain (Gebhardt
1994). 

In addition to the more ‘traditional’ educational inter-
ventions, two of the reviews (Linton & van Tulder 2001;
Tveito et al. 2004) included a study on the effects of dis-
tributing a psychosocial pamphlet. That study specifically
examined the effects of information oriented toward fear
avoidance beliefs/behaviour and promoting coping, and
found that the information was effective in shifting beliefs
compared with no intervention, and also reported a reduc-
tion in sick leave (Symonds et al. 1995) - evidence from
one non-randomised controlled trial, however, cannot be
considered conclusive. Some reviews examined effects on
different preventive outcomes (see discussion). The most
recent and comprehensive review (Tveito et al. 2004) con-
cluded that there was limited evidence of no effect on
episodes of LBP and no evidence of effect on both pain
and sick leave (Tveito et al. 2004).

Prevention of recurrent episodes of (sick leave due to)
LBP
There is contradictory evidence for the effects of educa-
tional interventions in the prevention of recurrence of sick
leave due to LBP. No systematic reviews were found, but
conflicting results were noted in three RCTs assessing re-
currence of sick leave due to LBP (Leclaire et al. 1996; In-
dahl et al. 1998; Verbeek et al. 2002). In one RCT no dif-
ferences between the intervention and control group were
found for both the number of recurrences and median du-
ration of these recurring sick leave episodes (Leclaire et
al. 1996). Another RCT reported fewer recurrences of sick
leave in the intervention group than in the control group
(Indahl et al. 1998). Finally, the third RCT found a signifi-
cant negative effect: the risk of recurrence of sick leave in
the 12-month follow-up period was 2.4 times higher for
the intervention group (Verbeek et al. 2002). However, the
average total duration of recurring episodes of sick leave
due to LBP did not differ between the intervention and
control group (Verbeek et al. 2002). These three educa-
tional interventions have a common theme (i.e. they all
bring the ‘important to stay active’ message), but there is
also substantial variation in the content of the interven-
tions.

Discussion / consensus W2
Most reviews have been “lumping” information/advice/in-
struction interventions into one group, mostly named “ed-
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ucational interventions”. Similarly, most studies included
in these reviews evaluated the effects of interventions re-
ferred to as “back schools”. In a review by Linton and Van
Tulder only one study of information was included that
was not a back school (Linton & van Tulder 2001). There
is a substantial variation in the content and the descrip-
tions of the interventions. Following development of the
Swedish back school, several other back schools have
been developed, i.e. the American Back school, California
Back School, and Canadian Back Education Units, each
differing in approach, content, length, and delivery
(Schenk et al. 1996). Back schools often include informa-
tion on biomechanics, lifting techniques, optimal posture,
exercises, stress and pain management (Lahad et al. 1994).
They build on the assumption that people have higher
risks and suffer from more pain than they need to, because
they lack knowledge about a variety of topics as diverse as
body mechanics and stress. The programmes aim to reduce
the risk of problems by increasing the participant’s knowl-
edge, which in turn will alter the person’s behaviour such
as lifting technique. Back schools usually contain a series
of discussions about anatomy, biomechanics, lifting, pos-
tural changes related to work, and a programme of exercis-
es. They vary from a single session of less than an hour to
several sessions (Linton & van Tulder 2001). There is also
a huge variation on follow-up periods, ranging from 1 to
48 months (van Poppel et al. 1997), and on the type of ed-
ucation and the intensity of the classes. Interventions
range across distribution of a psychosocial pamphlet, a
one-hour training in body mechanics and intensive pro-
longed back school programmes that include home exer-
cises. There seems to be a general trend that the workers
included in these studies have heavy lifting tasks, and are
generally employed in a hospital or other care giving set-
tings.

The conclusions from different reviews are quite con-
sistent. (Lahad et al. 1994) reported that only one of five
RCTs evaluating the effects of education on LBP reported
a significant decrease in subsequent LBP, but this was a
trial combining exercise programmes with education. La-
had et al concluded that the studies offer minimal support
for the use of educational strategies to prevent LBP (La-
had et al. 1994). Van Poppel et al concluded that there is
limited evidence that education, varying from instructions
on lifting techniques to back schools, is not effective in
prevention of incidence of back pain, and sick leave due to
back pain (van Poppel et al. 1997). Maher evaluated trials
where education was compared with a no education con-
trol, and two trials also evaluating the efficacy of educa-
tion as a supplement to a lumbar brace (Maher 2000).
Pooling both education comparisons reveals moderate evi-
dence that education is ineffective in reducing the preva-
lence of LBP, sick leave due to LBP, and the severity of
LBP. In the review by Linton and Van Tulder, the conclu-
sions about the effectiveness of the preventive interven-
tions are based on the reported outcomes on the key vari-

ables of pain, report of injury, dysfunction, time off work,
and health care utilisation (Linton & van Tulder 2001).
They reported that six of nine RCTs did not find any sig-
nificant difference on any of the outcome variables when
comparing back school intervention to usual care or no in-
tervention, or between different types of back schools.
One RCT found a negative effect when back school was
compared with McKenzie-style treatment. Only one RCT
reported a significant positive effect on initial sick leave
and duration of symptoms. Linton and Van Tulder con-
cluded that there is strong and consistent evidence that
back schools are not effective in preventing back pain
(Linton & van Tulder 2001). Waddell and Burton conclud-
ed that there is strong evidence that traditional biomedical
education based on an injury model does not reduce future
LBP and work loss (Waddell & Burton 2001). 

The most recent review by Tveito et al reported data
from a total of 10 educational interventions (Tveito et al.
2004). Six studies reported the effect of educational inter-
ventions on sick leave due to LBP, and it was concluded
that there was no evidence of effect on sick leave from ed-
ucational interventions. Two of the included studies re-
ported a positive effect on sick leave in the intervention
group, yet there was no significant difference between in-
tervention and control group. The effect of educational in-
terventions on new episodes of LBP was assessed in six
studies. Four of these studies did not demonstrate any sig-
nificant effects, and the other two had methodological
weaknesses. Based on this, the authors concluded that
there is limited evidence for no effect of educational inter-
ventions on new episodes of LBP. Three methodologically
weak studies assessed the effect from educational inter-
ventions on level of pain. The authors concluded there is
no evidence for an effect of educational interventions on
level of pain (Tveito et al. 2004).

There seem to be a general trend that the strength of the
evidence and conclusions seem to be increasing with time.
The most recent reviews (Linton & van Tulder 2001; Wad-
dell & Burton 2001; Tveito et al. 2004) have the strongest
conclusions. In several studies strong positive effects were
found in the intervention group, but when compared to a
control group there are seldom significant differences be-
tween intervention and control groups. Despite the find-
ings in many of the reviews, and lack of evidence favour-
ing any type of education, there may still be a potential ef-
fect from information/advice/instruction – the nature and
delivery of the information may be important (Tveito et al.
2004). Waddell and Burton concluded in their review that
there is preliminary evidence that interventions addressing
beliefs and attitudes may reduce future work loss due to
LBP (Waddell & Burton 2001). One educational pro-
gramme (Versloot et al. 1992), which has been included in
several reviews, was not primarily focused on body me-
chanics, but on stress and coping strategies. That study
showed a reduction in absenteeism compared to a control
group. This reduction was not observed in the incidence of
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absence, but in the duration of absence among workers
having prolonged absence. This is similar to the finding in
respect of a psychosocial pamphlet (Symonds et al. 1995).
The review by Maier-Riehle and Härter suggests that the
traditional back schools may have been effective in teach-
ing about the spine and ‘correct’ lifting techniques, and it
may be that they (temporarily) change the way people do
things (Maier-Riehle & Härter 2001). It should be noted
that there is no universal agreement on whether there is a
‘correct’ lifting technique, and the overall content of back
schools may give contradictory messages resulting in the
lack of effects on back pain and sick leave.

When evaluating and recommending information/ad-
vice/instruction we are combining differences in the con-
tent of the information, and the different methods of distri-
bution, into one large group of educational interventions.
This is problematic, but the current scientific literature
does not permit more specific recommendations about the
content of the information/advice/instruction or about the
different means for distributing the information. However,
interventions incorporating ideas from the accompanying
clinical guidelines on acute and chronic LBP, where infor-
mation about the good prognosis and advice to stay active
is important, should be considered.

Recommendation W2: Information / advice / 
instruction
Traditional information/advice/instruction on biomechan-
ics, lifting techniques, optimal postures etc is not recom-
mended for prevention in LBP (Level A). There is insuffi-
cient evidence to recommend for or against psychosocial
information delivered at the worksite (Level C), but infor-
mation oriented toward promoting activity and improving
coping, can promote a positive shift in beliefs (Level C).
Whilst the evidence is not sufficiently consistent to recom-
mend education in the prevention of recurrence of sick
leave due to LBP (Level C), incorporating the messages
from the accompanying clinical guidelines into workplace
information/advice is encouraged. 

W3: Back belts / lumbar supports

Evidence W3
There is evidence of no effect from the use of back
belts/lumbar supports in the prevention of LBP. In seven
reviews, RCTs on the use of back belts have been evaluat-
ed. The reviews are essentially based on many of the same
studies. In addition to the seven reviews, one individual
study has been added (Kraus et al., 2002), which did not
alter the conclusions from the reviews. 

Three reviews concluded that there was strong evi-
dence that lumbar support is not effective for prevention in
LBP (Maher 2000; Linton & van Tulder 2001; Waddell &
Burton 2001). One review (Jellema et al., 2001) concluded
that there is moderate evidence that lumbar supports do

not prevent LBP(Jellema et al. 2001), another concluded
that there is no evidence of effect of back belt for preven-
tion in LBP (Tveito et al. 2004), and two reviews conclud-
ed that there is insufficient evidence of the efficacy of
lumbar supports (Lahad et al. 1994; van Poppel et al.
1997). The most recent reviews report the strongest evi-
dence that lumbar supports are not effective for prevention
in LBP. Most of the reviews concluded that there was
strong evidence of no effect of back belts for prevention in
LBP (Maher 2000; Linton & van Tulder 2001; Waddell &
Burton 2001). Krause et al studied the use of back belts in
a population of more than 12,000 female home attendants,
and they suggested that this was associated with some re-
duction in risk of low back injury (Kraus et al. 2002). In-
spection of the findings, however, revealed that this pre-
ventive effect was far from significant when controlling
for confounders.

Discussion / consensus W3
Back belts, supports and braces cover a variety of devices
used by workers, yet there is now general consensus that
back belts are not effective for prevention in LBP. Back
belts are often used in combination with other interven-
tions, and it is then difficult to determine if a possible ben-
efit may be due to back support or an educational compo-
nent of an intervention.

Compliance with wearing lumbar support varies sub-
stantially. The information on compliance is often neglect-
ed in the original studies. In the Van Poppel review, two of
five studies reported compliance with wearing the lumbar
support (van Poppel et al. 1997). Compliance seems to
range from 43% of the subjects who wore the belt at least
half the time to 80% of the subjects wore the belt most of
the time (Jellema et al. 2001).

Van Poppel concluded that after applying a rating sys-
tem for level of evidence, the results indicated that there
was no evidence for or against the effect of lumbar support
(van Poppel et al. 1997). This was mainly due to the con-
tradictory outcomes of the studies. The Van Poppel review
(van Poppel et al. 1997) included three RCTs; none of
these reported any difference in back injury incidence. The
Jellema et al review (Jellema et al. 2001) is an extensive
review including five randomised preventive trials. They
concluded that there was moderate evidence that lumbar
supports are not effective for primary prevention. No evi-
dence was found on the effectiveness of lumbar supports
for secondary prevention. The number and type of control
interventions used in the preventive studies varied consid-
erably. In the Jellema et al review lumbar support versus
no intervention, lumbar support versus other types of in-
tervention, and lumbar support as supplement to another
type of intervention versus the other type of intervention
was examined (Jellema et al. 2001). Four RCTs reported
no difference in back pain injury or incidence of LBP
compared to no intervention. In three RCTs, no differences
were found in sick leave. The authors concluded that there
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is moderate evidence that lumbar supports are not effec-
tive for primary prevention of LBP. Two RCTs reported no
significant difference between intervention and control
groups on incidence of LBP and sick leave due to LBP. In
addition, Jellema et al concluded that lumbar supports are
not more effective than other types of prevention of LBP
(Jellema et al. 2001). For the incidence of LBP these au-
thors concluded that there is limited evidence that a lum-
bar support added to a back school programme is not more
effective than a back school programme alone. However,
there is limited evidence that a lumbar support added to a
back school programme is more effective than back school
alone regarding the number of days absent from work due
to back injury. Finally, no evidence was found for effec-
tiveness in the prevention of recurrence of LBP episodes
(Jellema et al. 2001). 

Maher compared brace with no brace control and
found no effect on the prevalence of LBP, severity, and
sick leave (Maher 2000). Similar results were found for
the trials that evaluated braces as a supplement to an edu-
cation programme. Maher was also pooling data on both
brace comparisons (i.e. brace versus no-brace and brace
as a supplement to other interventions), and applying the
rating system for the level of evidence, reveals strong evi-
dence that braces are ineffective in reducing the preva-
lence of LBP, sick leave due to LBP and the severity of
LBP (Maher 2000). Linton and Van Tulder concluded that
there is strong and consistent evidence that lumbar sup-
ports are not effective for the prevention of LBP (Linton
& van Tulder 2001). Four RCTs and two controlled trials
(CT) were identified on the preventive effect of lumbar
supports in various types of working populations. Three
RCTs showed that there were no significant differences
on any of the outcome measures when lumbar supports
were compared with no intervention. No effect was
shown when compared with training or education involv-
ing anatomy, body mechanics or lifting instructions. Simi-
larly, the remaining RCT did not find any difference be-
tween lumbar supports and back-prevention training ver-
sus training only. 

Linton and Van Tulder (Linton & van Tulder 2001), in
general accord with Jellema et al (Jellema et al. 2001), re-
ported that lumbar supports did seem to reduce the number
of days lost from work when compared to no intervention.
However, this was based on sub-group analysis and not
RCTs. The most recent review by Tveito et al reported re-
sults from five studies assessing the effect of back belts on
LBP (Tveito et al. 2004). In common with others, they dis-
cussed the problems with compliance; the belts may feel
uncomfortable and hamper movements, which may lead to
non-compliance and/or drop-out. Two of three studies did
not find any significant effects on sick leave. The authors
concluded that there is no evidence of effect of back belts
on sick leave. Three studies assessed the effect of back
belts on new episodes of LBP. Two studies did not find
significant effects, though one study with weak methodol-

ogy reported an effect. The authors concluded that there is
limited evidence that back belts have no effect on new
episodes of LBP. Only one study in this review assessed
effect on level of pain, and found no significant effect. The
authors concluded that there is no evidence of effect of
back belts on level of pain (Tveito et al. 2004). Based on
all these reviews there is no evidence to support the use of
lumbar supports.

Recommendation W3: Back belts / lumbar supports
Back belts/lumbar supports are not recommended for pre-
vention in LBP (Level A). 

W4: Shoe inserts, shoe orthoses, shoe in-soles, 
flooring and mats

Evidence W4
There is evidence of no effect of shoe inserts/orthoses in
the prevention of workers’ LBP, which is concluded from
two RCTs (Mündermann et al. 2001; Larsen et al. 2002a)
reporting no preventive effects on lower back injury and
back problems, respectively. There is no scientific evi-
dence of a preventive effect of shoe in-soles, flooring or
mats, because no studies relevant to prevention outcomes
in LBP were found. 

Discussion / consensus W4
Although the RCT, among military personnel, performed
by (Mündermann et al. 2001) was of good quality, one
might question its statistical power to detect differences as
to a reduction in low back injuries. After completion of the
4-month period of wearing shoe inserts that were not cus-
tom-made, only 34 subjects from the insert group and 45
from the control group returned a completed injury ques-
tionnaire. Three subjects in the insert group (8.8%) suf-
fered from lower back injuries as opposed to five subjects
in the control group (11.1%); this difference was not sta-
tistically significant. A good-quality RCT among military
conscripts, in which custom-made, semi-rigid biomechani-
cal shoe orthoses were provided to conscripts in the inter-
vention group and no intervention was given to the control
group, showed a statistically significant difference be-
tween the intervention and control group for 3-month
prevalence of ‘back or lower extremity problems’ (Larsen
et al. 2002a). However, a further look into the results of
this RCT revealed that this was due to differences in the
prevalence of shin splints and, to a lesser extent, Achilles
tendonitis. For ‘back problems’ there was no difference at
all between groups. Hence, for the purpose of the present
guideline it has to be concluded that shoe orthoses do not
have a preventive effect in LBP.

Articles reviewing the literature on the effects of floor-
ing (Redfern & Cham 2000), and the effects of floor mats
(e.g., (Cham & Redfern 2001) together with a couple of
studies evaluating the effects of floor mats as well as shoes
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in-soles or shoe softness (King 2002; Hansen et al. 1998)
were found. In all studies subjective short-term outcomes,
such as lower-back discomfort/fatigue, were used. Some
studies included objective outcomes, such as movement of
centre of gravity or electromyography from the lumbar
paraspinal muscles. However, none of the studies used
outcomes relevant to prevention in LBP. Hence, it is con-
cluded that there is no evidence that shoe in-soles, soft
shoes, soft types of flooring or antifatigue mats have a pre-
ventive effect in LBP.

Recommendation W4: Shoe inserts, shoe orthoses, 
shoe in-soles, flooring and mats
Shoe inserts/orthoses are not recommended for prevention
in LBP (Level A). There is insufficient evidence to recom-
mend for or against shoe in-soles, soft shoes, soft flooring
or antifatigue floor mats (Level D).

W5: Physical ergonomics

Evidence W5
There is evidence from two systematic reviews. Westgaard
& Winkel found a general lack of success from mechani-
cal exposure interventions (Westgaard & Winkel 1997),
whilst Linton and van Tulder offered a negative conclu-
sion about the role of ergonomic interventions (Linton &
van Tulder 2001). Three subsequent good quality studies
(Evanoff et al. 1999; Brisson et al. 1999; Yassi et al. 2001)
reported that physical ergonomics interventions may re-
duce the prevalence and severity of LBP. Two other recent
good quality studies did not report an improvement fol-
lowing changes intended to reduce exposure to physical
risk factors (Fredriksson et al. 2001; Smedley et al. 2003).
Physical ergonomic interventions that include an organisa-
tional dimension, actively involving the workers and lead-
ing to substantial changes in exposure to the risk factors,
might (in principle) be the most effective. However, there
is limited supportive evidence from one systematic review
(Westgaard & Winkel 1997). In respect of reducing [re-
ported] back injuries, occupational or compensable LBP in
particular, there are several studies (Evanoff et al. 1999;
Marras et al. 2000; Brophy et al. 2001; Koda et al. 1997;
Owen et al. 2002), reporting physical ergonomics inter-
ventions to be successful, though only one (Evanoff et al.
1999) was of high quality. The only RCT (Yassi et al.
2001) did not find lower injury rates in the intervention
groups.

Discussion / consensus W5

Prevalence and severity of LBP
Five recent studies show positive results: for prevalence
and duration of LBP (Brisson et al. 1999); for prevalence
of LBP (Evanoff et al. 1999; Shinozka et al. 2001; Yassi et
al. 2001) for prevalence and severity of LBP (Aaras et al.

2001). Three of those studies (Brisson et al. 1999; Evanoff
et al. 1999; Yassi et al. 2001) can be considered as good
quality studies.

A training programme focused on awareness of pre-
venting musculoskeletal symptoms, psychosocial factors
and coping was studied in one RCT (Morken et al. 2002).
The intervention groups implemented ergonomic chang-
es, but there was no significant change in musculoskele-
tal symptoms (including LBP). The authors suggested
that the post-intervention survey was performed relative-
ly early, at a time when many of the ergonomic solutions
planned in the intervention groups (workplace redesign,
changing work tools; job variation) had not been imple-
mented.

Two conditions for a successful intervention (organisa-
tional dimension and involvement of the workers) are
stressed in the conclusion of the review by Westgaard and
Winkel, which deals with ‘musculoskeletal health’ in gen-
eral (Westgaard & Winkel 1997). These two conditions are
also explicitly present in two successful interventions
(Brisson et al. 1999; Evanoff et al. 1999).

The third condition, i.e. the need to substantially
change the exposure to the purported risk factors, is dis-
cussed in two good quality negative studies (Fredriksson
et al. 2001; Smedley et al. 2003). Smedley et al. consid-
ered that the improvement in exposure to physical risk fac-
tors measured in the study was too small for any reduction
in back pain to be expected (Smedley et al. 2003). In the
other negative study (Fredriksson et al. 2001) the workers
stated that their level of physical exertion was higher after
the implementation of the ergonomic changes. The oppor-
tunity to influence the work had also decreased. The au-
thors concluded that it is important to pay attention to the
psychological dimension of the intervention (Fredriksson
et al. 2001).

One study found that the positive effects of the inter-
ventions occurred only for workers less than 40 years of
age (Brisson et al. 1999). Thus, it might be that ergonomic
preventive interventions are less relevant for some sub-
groups of workers (e.g., the older ones, or those with se-
vere back disorders).

The magnitude of the effect differed between studies. It
should be noted that the magnitude of a change is sensitive
to the measure (relative or absolute decrease). Further-
more, work places exist where a majority of workers will
develop LBP regardless of whether physical ergonomic in-
terventions are implemented or not, hence the success of
such interventions may depend on the mechanical expo-
sure at work (Westgaard & Winkel 1997). For frequently
occurring conditions such as LBP it is unrealistic to expect
to reduce the prevalence to zero. For example, in the study
by Evanoff et al, the prevalence decreased from 73% to
56% in the intervention group, which appears substantial.
However, the prevalence remained high at 15 months fol-
low-up (Evanoff et al. 1999).
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Back injuries, occupational or compensable LBP
In the review by Westgaard and Winkel there is no conclu-
sion specifically for [reported] injuries, occupational or
compensable low back pain (Westgaard & Winkel 1997).
According to the authors, however, some physical ergo-
nomics interventions suffer from inadequate description of
health outcomes. If just administrative data are recorded, it
is uncertain if the observed changes reflect improvements
in health.

Six recent studies gave conclusions on these aspects of
LBP in relation to ergonomic interventions (Koda et al.
1997; Evanoff et al. 1999; Marras et al. 2000; Yassi et al.
2001; Brophy et al. 2001; Owen et al. 2002). Among the
five studies concluding a positive effect of the interven-
tion, only one (Evanoff et al. 1999) was of good quality.
The other ones were low quality studies: either the number
of subjects was not given (Koda et al. 1997; Marras et al.
2000), or only the number of events (injuries, lost work-
days) was given without reference to a population (Owen
et al. 2002). The only RCT (Yassi et al. 2001) did not con-
clude a positive effect; in this study, musculoskeletal inju-
ry rates were not significantly altered in the intervention
groups.

Several additional remarks can be made about these
outcomes: the rate of events such as compensable low
back pain is often low, leading to a lack of statistical pow-
er in the studies. The report of such events is strongly sen-
sitive to organisational and administrative factors. One
consequence of an intervention may be to actually increase
the awareness of low back problems, including administra-
tive notifications. This might be a problem for studies on
LBP in general (Smedley et al. 2003).

The magnitude of the effect seems very large in the
low quality study by (Koda et al. 1997): a reduction from
318 to 87 compensated LBP cases per year. However, the
magnitude of any positive effect tends to be less in the
good quality studies, suggesting that the large effects ob-
served in some lower quality studies are a methodologi-
cal artefact and not (or not exclusively) related to the in-
tervention.

In the systematic review that offered a negative conclu-
sion about the role of ergonomic interventions(Linton &
van Tulder 2001) no RCTs or CTs evaluating the effective-
ness of physical ergonomics interventions were identified,
reflecting the lack of ergonomic literature in their search
strategy.

Finally, LBP has not been the only (or necessarily the
major) condition evaluated in numerous studies of physi-
cal ergonomics; whether LBP and other musculoskeletal
disorders are equivalent in this respect remains to be deter-
mined.

Recommendation W5: Physical ergonomics
There is insufficient consistent evidence to recommended
physical ergonomics interventions alone for reduction of
the prevalence and severity of LBP (Level C). There is in-

sufficient consistent evidence to recommended physical
ergonomics interventions alone for reduction of [reported]
back injuries, occupational or compensable low back pain
(Level C). There is some evidence that, to be successful, a
physical ergonomics programme would need an organisa-
tional dimension and involvement of the workers (Level
B). There is insufficient evidence to specify precisely the
useful content of such interventions (Level C), and the size
of any effect may be modest. 

W6: Organisational ergonomics

Evidence W6
There is inconsistent evidence that work organisation in-
terventions are successful for reduction of LBP. This con-
clusion is based on two studies, one positive with a low
methodological quality (Charney 1997) and one negative
with moderately high methodological quality (Wergeland
et al. 2003).

Discussion / consensus W6
This type of intervention is not studied separately in sys-
tematic reviews. None of the interventions in the review
by Westgaard and Winkel covered ‘work organisation’ as
the main dimension, even though it is a component of
many intervention studies (Westgaard & Winkel 1997).
One study (Charney 1997), reports positive results of an
intervention dealing with work organisation: the imple-
mentation of lift teams in ten hospitals in order to reduce
lifts by nurses. However, the methodological quality of the
Charney study is low (group size unknown).

The effect of a reduction of daily working hours was
studied in one intervention. The prevalence of LBP did not
change significantly between the intervention and refer-
ence groups (Wergeland et al. 2003).

There are insufficient data to make recommendations
about ergonomic interventions focussing primarily on
work organisational issues, irrespective of the LBP dimen-
sion considered. However, previous comments dealing
with physical ergonomics interventions stress that not tak-
ing into account the organisational aspects may have nega-
tive effects, and epidemiological studies indicate that work
organisational factors (especially psychosocial factors) are
associated with various dimensions of LBP.

Recommendation W6: Organisational ergonomics
There is insufficient consistent evidence to recommend
stand-alone work organisational interventions alone for
prevention in LBP (Level C), yet such interventions could,
in principle, enhance the effectiveness of physical ergo-
nomics programmes.
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W7: Multidimensional interventions

Evidence W7
There is evidence from two systematic reviews (Gatty et
al. 2003; Tveito et al. 2004), that multidimensional inter-
ventions (some of which included an ergonomics compo-
nent)  have a positive effect for prevention in LBP. Tveito
et al concluded that comprehensive multidisciplinary and
multimodal treatment interventions can have a positive ef-
fect for some, but not all LBP outcomes (Tveito et al.
2004). However, the effective dimensions and the particu-
lar outcomes they influence are uncertain.

Discussion / consensus W7
One high quality systematic review (Gatty et al. 2003) in-
cluded five studies classified as ‘education and task modi-
fication’. In two of those studies the educational part of
the interventions included lifting techniques (patient trans-
fer techniques; ‘proper’ lifting). In two others a ‘worksta-
tion redesign’ dimension was also present. In one of these,
the additional components focussed on ‘proper’ lifting, ex-
ercise and pain management, whilst in the other they fo-
cussed on care providers, and the educational dimension
was hands-on practice with devices such as walking belts
and hoists. In the three studies (out of five) with a good re-
search design, more positive than negative outcomes were
associated with the intervention. These positive outcomes
(‘back pain days’, ‘back injuries’) differed across the three
studies. Despite these mixed results, the authors of the re-
view suggested that programmes including education and
task modification, addressing the specific problems identi-
fied in the workplace, involving the staff and the workers,
can have positive results. The term ‘education’ in this con-
clusion must be understood in a broad sense, since it com-
prises various kinds of interventions. The conclusion of
the systematic review by Gatty is not changed by taking
into account one additional original study (Leclerc et al.
1997). In this study positive effects of the intervention
were observed for one subgroup, but it is difficult to know
which component of the programme (ergonomic changes
or exercises) had a positive effect.

The review by Tveito et al described four multidisci-
plinary and multimodal treatment programs, and found
moderate to limited evidence that these programs can have
an effect on some outcomes (e.g. sick leave, recurrence,
pain, costs), yet each program may influence only some of
the outcomes. Some of these interventions were essentially
clinical in nature, putting them outside the scope of this
guideline, though others were occupational health inter-
ventions that involved workplace interventions (e.g. an er-
gonomics component) (Tveito et al. 2004). 

Recommendation W7: Multidimensional 
interventions
Whilst multidimensional interventions at the workplace
may be recommended to reduce some aspects of LBP, it is

not possible to recommend which dimensions and in what
balance (Level A). The size of any effect may be modest.

W8: Modified work for return to work after sick 
leave due to LBP

Evidence W8

There is moderate evidence of positive effects of modified
work to promote return to work after sick leave from regu-
lar work due to LBP. Studies on the effects on return to
work of modified work have been evaluated in three re-
views (Krause et al. 1998; van der Beek et al. 2000; van
der Beek 2004). However, they included studies covering
all workers with disabling injuries and workers with mus-
culoskeletal disorders (not only LBP). When focussing on
just LBP, only four studies were found. Positive results
(shorter return-to-work time) were found in one RCT
(Loisel et al. 1997), one controlled before-after study
(Yassi et al. 1995) and one prospective cohort study using
interrupted time series (Anema et al. 2004). A retrospec-
tive study using an interrupted time series design (Hiebert
et al. 2003) did not shorten work absence. 

Discussion / consensus W8
Irrespective of the evidence on physical and organisational
ergonomics to specifically influence outcomes, the WG
endorses the pragmatic view that ‘Work should be com-
fortable when we are well, and accommodating when we
are ill’ (Hadler 1997), and recognises that ergonomics has
a role in formulating modified work to facilitate early re-
turn to work (Waddell & Burton 2004). The reviews cov-
ered interventions focussing on workers absent from work
due to injuries or disorders in parts of the body other than
the low back. Therefore, the evidence from individual
studies concerning LBP specifically was taken into ac-
count. The reviews combined several types of modified
work interventions into one group. First of all, modified
work is often part of a multidimensional intervention, so
that the separate effects of modified work and the other
parts of the intervention can not be disentangled (Yassi et
al. 1995). Secondly, quite a few interventions can be re-
garded as ‘modified work’, but there is substantial varia-
tion as to the content of these interventions. The three pre-
dominant categories are: (1) light duty or work restriction
or adapted job tasks; (2) reduction in the working
hours/day and/or working days/week; (3) ergonomic
changes to the workplace. Depending on the social system
in different countries, modified work can also involve
‘therapeutic return to work’ or ‘work trial’. It is difficult to
separate what could be effective in these different scenar-
ios. Hence, there is no evidence that any type of modified
work is superior to another, but based on the studies of
(Loisel et al. 1997) and (Anema et al. 2004) it can be con-
cluded that there is evidence to support ergonomic work-
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place adaptations in respect of facilitating return to work.
Moreover, there is an indication that this is not just an ‘at-
tention effect’; it has been reported that a physiotherapist
worksite visit, including information and advice but with-
out actual workplace adaptation, did not add any further
value to the effects of a back school-type of mini-interven-
tion during which exercises and advice on work activities
were given (Karjalainen et al. 2004). There is general
agreement among occupational health guidelines that
modified work should be a temporary measure, and that
there is no need for the worker to be pain-free before re-
turning to work (Staal et al. 2003); modified work can be
seen as a component of a wider range of rehabilitation
strategies (Waddell & Burton 2004). It must be acknowl-
edged that there are a number of problems to implement-
ing modified work concerning knowledge, understanding,
availability of alternative duties and resistance from co-
workers (van Duijn et al. 2004), and procedures may be
needed to ensure restricted duties are appropriately lifted
rather than being allowed to become permanent (Hiebert et
al. 2003).

Recommendation W8: Modified work for return to
work after sick leave due to LBP
Temporary modified work (which may include ergonomic
workplace adaptations) can be recommended, when need-
ed, in order to facilitate earlier return to work for workers
sick listed due to LBP (Level B).

Prevention in low back pain – school age

Introduction

During the last few decades, an increasingly large num-
ber of surveys have demonstrated that nonspecific LBP
in schoolchildren is much more frequent than previously
thought. Simultaneously, different surveys have been
published reporting factors associated with or predispos-
ing to LBP. The methodological quality of the studies im-
proved progressively over time and is now moving from
cross-sectional studies allowing just obtaining figures of
prevalence and associated factors to longitudinal studies
reporting incidence and possible causal relationships.
Furthermore, clinical and epidemiological data, analysis
of risk factors, imaging and immunohistological findings
draw attention to the early degenerative changes of the
spine, and to the concept of precocious prevention. In ad-
dition, there is some evidence that back pain at young
age has a predictive value on LBP as an adult (Harreby et
al. 1995). 

While the epidemiology of back pain at young age has
been described extensively, studies evaluating the effects
of interventions to prevent LBP or the consequences of
LBP in schoolchildren are still sparse. As a result the aim
to formulate evidence based guidelines for prevention in

LBP among schoolchildren could not be accomplished.
However, the conclusions of the literature search may give
guidance for further development and evaluation of pre-
ventive interventions during school age.

In order to provide evidence for relevant prevention
strategies, intervention studies deserve priority, yet evalu-
ating modifiable [purported] risk factors for back pain and
its consequences in schoolchildren is relevant to the devel-
opment of preventive interventions, so these are incorpo-
rated below. Since primary causative mechanisms for most
LBP remain undetermined, the term ‘risk indicators’ is
most appropriate when considering risk, but for conve-
nience (and in correspondence with much of the literature)
the term ‘risk factors’ will be used here. Modification of
risk factors, without evidence of influence on LBP out-
comes, can not be considered prevention. 

Intervention studies

S1: School-based interventions

Evidence S1
In schoolchildren, only five school-based intervention
studies that included the evaluation of back pain or the
consequences of back pain could be located. All five stud-
ies evaluated intervention programmes comprising a vari-
able number of hours education in back care principles.
Four studies were controlled. In the controlled trial of
Mendez et al. an independent health check 4 years after
programme application tended to favour the intervention
pupils, requiring less medical treatment for LBP (Mendez
& Gomez-Conesa 2001). The controlled before-after trial
of Cardon et al. showed a positive effect of back education
on back pain prevalence after the programme and 3 and 9
months later (Cardon et al. 2002b). Similarly, the con-
trolled trial of Feingold and Jacobs, involving a small sam-
ple of children, reported a positive effect on back pain
(Feingold & Jacobs 2002). In contrast, in the study of
Storr-Paulsen, the educational intervention did not have
effect on back pain of the pupils after one year of interven-
tion (Storr-Paulsen 2002).

During the 3-year period analysed in the uncontrolled
intervention study of Balagué et al. there was an overall
reduction in prevalence of LBP, and recollection of par-
ticipation in the prevention programme was associated
with increased self-reported LBP but with significantly
decreased utilization of medical care (Balagué et al.
1996).

Discussion / consensus S1
Studies evaluating the effects of interventions to prevent
LBP or the consequences of LBP in schoolchildren are
still sparse.  

While it can be concluded that the results of the in-
tervention studies are promising, differences between

S157



the interventions and the limitations of the studies
(such as primary reliance on self-reports in children
and the use of quasi-experimental designs) dictate a
need for cautious interpretation and do not permit rec-
ommendation of back care education for prevention of
LBP in schoolchildren. Moreover, a follow-up into
adulthood is missing and there is insufficient informa-
tion to be able to specify precisely what may be the im-
portant/effective components of such interventions.

In only one study (Cardon et al. 2002a) was the possi-
bility of a harmful effect from an educational intervention
programme on fear avoidance beliefs evaluated – it was
found that the intervention did not have a detrimental ef-
fect on fear avoidance beliefs. Other studies on possible
harmful effects could not be located.

Recommendation S1: school based interventions
There is insufficient evidence to recommend for or against
a generalized educational intervention for the prevention
of LBP or its consequences in schoolchildren (Level C).

Modifiable risk factors

In order to provide evidence for relevant prevention stra-
tegies, intervention studies deserve priority. However, in-
tervention studies are still sparse and no studies could be
located that evaluated the effects of risk factor modifica-
tion on back pain or on the consequences of back pain in
schoolchildren. Therefore it was decided to include infor-
mation on modifiable risk factors, taking into account that
risk factor modification, without evidence of concomitant
influence on outcomes, cannot be considered prevention. 

The following, potentially modifiable, risk factors were
located in the literature search: lifestyle factors (over-
weight / obesity, smoking, alcohol intake, eating habits,
working, sports participation, physical inactivity and sed-
entary activities), physical factors (physical fitness, mobil-
ity and flexibility, muscular strength), school-related fac-
tors (school bags and school furniture) and psychosocial
factors. 

Life style factors

S2: Overweight / obesity

Evidence S2
The most carefully designed study on the association be-
tween LBP and body mass index (BMI) is the prospective
population-based cohort study of Jones et al., reporting
that neither BMI nor its change over the follow-up year
was associated with an increase in the risk of future LBP
(Jones et al. 2003). 

Discussion / consensus S2
The present literature search shows that an association be-
tween LBP and BMI is unproved, and the influence of
obesity during school age on adult LBP is unclear. Ac-
cording to Lake et al. obesity in early adulthood increases
the risk of back pain onset among women, whereas BMI at
age 7 years has no relationship with the onset of pain in ei-
ther sex (Lake et al. 2000). It can be concluded that
there is no evidence for or against recommending
weight control as a preventive action for LBP in
school-children.

S3: Smoking

Evidence S3
The ‘association’ between back pain and smoking among
schoolchildren has been shown in four studies (Feldman et
al. 1999; Harreby et al. 1999; Lebkowski 1997; Kristjans-
dottir & Rhee 2002). In contrast to these findings Kovacs
et al found no association between LBP and cigarette
smoking (Kovacs et al. 2003b). 

Discussion / consensus S3
There are few direct data regarding the pathologic origin
of back pain during school age, or regarding any patho-
genic effects from smoking. According to Harreby et al
smoking habits in schoolchildren may indirectly reflect
psychosocial and social problems as the main causes in
developing LBP (Harreby et al. 1999). It can be con-
cluded that there is no evidence that anti-smoking
campaigns will have a preventive effect in LBP in
schoolchildren. However, as more adverse reactions to
smoking are discovered and publicized it is hoped that
the appeal of smoking will be diminished in young peo-
ple. 

S4: Eating habits

Evidence S4
Kristjansdottir and Rhee identified a strong positive rela-
tionship between back pain and eating habits, namely ir-
regular meals, fast food, snacking and coffee drinking
(Kristjansdottir & Rhee 2002). 

Discussion / consensus S4
Besides its cross-sectional design this one study (Krist-
jansdottir & Rhee 2002) has the limitation that the many
associated factors accounted for less than 10 % of total
variance of back pain in the sample, suggesting the exis-
tence of other potential factors that were not measured, yet
contributed to the incidence of pain. There is insufficient
evidence to recommend for or against modification of
eating habits as a preventive measure for LBP in
schoolchildren.
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S5: Alcohol intake

Evidence S5
The recent cross-sectional study of Kovacs et al found no
association between LBP and alcohol intake in a large
sample of schoolchildren (Kovacs et al. 2003b). 

Discussion / consensus S5
As reported by the authors, the risk of underreporting of
alcohol intake can not completely be ruled out (Kovacs et
al. 2003b). There is no evidence for or against recom-
mending modification of alcohol intake as a preventive
measure for LBP in schoolchildren.

S6: Sports / physical inactivity

Evidence S6
In addition to three studies pointing out the risk for LBP in
young athletes (Ogon et al. 2001; Hutchinson 1999;
McMeeken et al. 2001), several studies evaluated the risk
of physical activity and sports in non-athlete populations,
and found a gender-specific positive link between sports
participation and back pain (Korovessis et al. 2004; Ko-
vacs et al. 2003b; Harreby et al. 1999; Burton et al. 1996).
Also, two studies found a positive association between
LBP and high leisure physical activity (Kujala et al. 1996;
Newcomer & Sinaki 1996). Similarly the prospective
study of Jones et al. showed an increased risk for LBP in
those undertaking a high level of physical exercise (Jones
et al. 2003). On the other hand, Kristjansdottir and Rhee
reported a negative correlation between back pain and
sports participation or physical activity (Kristjansdottir &
Rhee 2002). Similarly, Salminen et al pointed out low
leisure-time physical activity as a risk factor (Salminen et
al. 1995) and Szpalski et al reported a higher incidence of
LBP in 9-12 year old children not walking to school com-
pared to children walking to school, while sports participa-
tion had no significant influence (Szpalski et al. 2002). On
the other hand Sjolie reported  that the distance walked /
bicycled to school was slightly shorter among adolescents
reporting LBP (Sjolie 2003). However the use of a cross-
sectional design and a small study group (n = 88) does not
allow generalizing findings of the latter study. Finally, ac-
cording to the findings from five studies, the total amount
of physical activity was not associated with back pain re-
ports in schoolchildren(Cardon et al. 2004; Feldman 2001;
Iyer 2001; Watson et al. 2003; Widhe 2001). Furthermore,
Wedderkopp et al recently used accelerometers to objec-
tively measure childrens’ activity, and reported no associa-
tion between back pain and physical activity levels (Wed-
derkopp et al. 2003).

Discussion / consensus S6
From the literature search it can be concluded that in chil-
dren and adolescents there are indications that high perfor-

mance training in certain sports can increase the risk for
back pain, whereas the relationship between leisure time
physical activity and back pain suffers from inconsisten-
cies. There is no evidence that performing sports or be-
ing physically active has a preventive effect on LBP in
schoolchildren. There is also insufficient evidence to
recommend a general limitation of involvement in com-
petitive sports participation as a preventive measure
for LBP in schoolchildren

S7: Sedentary activities

Evidence S7
Sheir-Neiss et al reported that the adolescents with back
pain reported significantly more hours watching TV than
those without back pain (Sheir-Neiss et al. 2003), and
Grimmer and Williams found gender- and age- specific as-
sociations between the amount of time spent sitting and re-
cent LBP (Grimmer & Williams 2000). However, in two
other studies the association between LBP and hours of
leisure sitting was not significant (Kovacs et al. 2003b;
Watson et al. 2003). Similarly, Jones et al prospectively
demonstrated that prior sedentary activities cannot be con-
sidered a short-term risk factor for future LBP (Jones et al.
2003). On the other hand, in the cross-sectional study of
Gunzburg et al in 9 year old children, back pain reports
were higher in children who played video games for more
than 2 hours per day, whereas this was not the case for
children who watched television for more than 2 hours per
day (Gunzburg et al. 1999). Lebkowski reported a positive
correlation between LBP and ‘incorrect’ sedentary posi-
tion (Lebkowski 1997), and in the study of Viry et al sit-
ting on the edge of the chair while completing a question-
naire was significantly associated with a history of a phy-
sician visit for back pain (Viry et al. 1999). 

Discussion / consensus S7
According to the narrative review of Balagué et al sitting
was found to be the most common factor associated with
back pain (Balagué et al. 1999). From the present review
it can be concluded that the association between LBP and
sitting in schoolchildren remains unclear. Furthermore, a
study evaluating whether the loading on young growing
body structures, associated with poor prolonged sitting
postures or sedentary behaviour, has an impact later in
life could not be located. There is insufficient evidence
to recommend for or against modified sitting postures
as a preventive action for LBP in schoolchildren.
There is also no evidence that decreasing sedentary
activities will have a preventive effect on LBP in
schoolchildren.
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S8: Work

Evidence S8
In the study of Feldman et al working increased the risk to
suffer LBP in school-aged children (Feldman et al. 2002).
Similarly, Harreby et al found a positive association be-
tween LBP and jobs, involving a heavy load on the lower
back (Harreby et al. 1999). Also, in the cross-sectional
survey based study of Watson et al, children with a part
time job had a 60% increase in odds of reporting LBP, al-
though among those with a part time job there was no as-
sociation with reporting lifting heavy items (Watson et al.
2003). Also, in the recent prospective study of Jones et al,
having a part time job significantly increased the risk for
LBP (Jones et al. 2003). 

Discussion / consensus S8
It can be concluded that working is associated with report-
ed LBP in European schoolchildren. However, there is no
evidence that modification of working has a preventive ef-
fect on LBP in schoolchildren. Moreover, it needs to be
taken into account that work exposure in European
schoolchildren is only part-time (which is different from
work exposure in most adults), and that muscle fatigue
from working may have influenced pain reports. Further-
more study findings were not controlled for social class.
There is insufficient evidence to recommend modifica-
tion of working as a preventive measure for LBP in
schoolchildren

Physical factors

S9: Physical fitness

Evidence S9
According to a recent study there is no correlation be-
tween back pain and fitness parameters in 9 to 11 year olds
(Cardon et al. 2004). On the other hand, two studies have
reported that poor self-reported physical fitness increased
the risk for back pain in schoolchildren (Kristjansdottir &
Rhee 2002; Sjolie 2002). 

Discussion / consensus S9
Findings in the literature are conflicting; besides the cross-
sectional designs, two studies were limited by the use of
self-reported fitness (Kristjansdottir & Rhee 2002; Sjolie
2002) so the validity can be questioned. It can be con-
cluded that there is no evidence that being fitter has a
preventive effect on LBP in schoolchildren.

S10: Mobility / flexibility

Evidence S10
Feldman et al found that tight hamstrings and quadriceps
muscles were associated with the development of LBP
(Feldman 2001). In contrast, Harreby et al reported no sig-
nificant correlation between LBP and tightness of the
hamstring muscles (Harreby et al. 1999). A correlation be-
tween hypermobility and LBP could not be confirmed in
three studies (Harreby et al. 1999; Widhe 2001; Burton et
al. 1996), and Feldman did not find an association be-
tween lumbar flexion and the development of LBP (Feld-
man 2001). On the other hand, Salminen et al found that
decreased spinal mobility was associated with LBP in ado-
lescents (Salminen et al. 1995).

Discussion / consensus S10
Since findings in the literature are conflicting, it cannot be
concluded that there is a relationship between LBP and
mobility and flexibility in schoolchildren. There is insuf-
ficient evidence to recommend for or against modifica-
tion of mobility and flexibility of muscles and joints as
a preventive action for LBP in schoolchildren.

S11: Muscle strength

Evidence S11
Feldman found that poor isometric abdominal muscle
strength was not a risk factor for the development of LBP
in adolescents (Feldman 2001). In contrast, Newcomer
and Sinaki found that increased trunk flexor strength was
positively associated with LBP in adolescents (Newcomer
& Sinaki 1996), whereas in the prospective study of Lee et
al lower trunk extensor muscle strength rather than trunk
flexor muscle strength was found to be a risk factor of
LBP incidence (Lee et al. 1999). Additionally, Sjölie and
Ljunggren found that insufficient strength and stability in
the low back are important for both current and future
back pain (Sjölie & Ljunggren 2001). In line with these
findings, Salminen et al reported in a study with a strong
longitudinal design that decreased spinal strength in-
creased the risk for back pain in schoolchildren (Salminen
et al. 1995).

Discussion / consensus S11
In line with the review of Balagué et al it can be concluded
that LBP in schoolchildren cannot simply be attributed to
muscle weakness (Balagué et al. 1999). There is insuffi-
cient evidence to recommend for or against muscle
strengthening as a preventive action for LBP in
schoolchildren.
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School-related factors

S12: School bags

Evidence S12
Various studies (Watson et al. 2003; Goodgold et al. 2002;
Grimmer & Williams 2000) have reported no associations
between backpack-related factors and back pain at a young
age. Other studies, though, have described an association
between backpack load and LBP (Negrini & Carabalona
2002; Szpalski et al. 2002; Siambanes et al. 2004). In the
recent study of Sheir-Neiss et al, carrying a sports bag in
addition to a backpack was not associated with back pain,
though adolescents with back pain carried significantly
heavier backpacks in comparison with those without back
pain (Sheir-Neiss et al. 2003). Furthermore, two studies
reported no significant association between LBP and the
manner in which books were carried (Kovacs et al. 2003b;
Korovessis et al. 2004). Similarly, the study of Jones et al
showed no association between a short-term risk for LBP
and mechanical load across the range of weights common-
ly carried to school by children (Jones et al. 2003). Ac-
cording to Negrini and Carabolona other factors, such as
fatigue and time spent carrying, may be directly related to
back pain in addition to the weight of the backpack (Ne-
grini & Carabalona 2002). 

Discussion / consensus S12
While there are legal regulations applicable to adults in or-
der to control exposure to loads carried at the work place,
in most countries back pack weights for schoolchildren are
not regulated.  The WG recognises there is a widespread
interest in ‘heavy’ school bags as a potential risk factor for
low back pain. However, in line with the recent review of
Mackenzie et al, conflicting study results are found for the
association between back pack related factors and LBP in
schoolchildren (Mackenzie et al. 2003). A major problem
is that, at best, many studies looked only once at the actual
weight of back packs, yet large variations between the
days of the week within the same class of the same school
have been found (Negrini & Carabalona 2002). It can be
concluded that there is no consistent scientific evidence
for or against recommending a clear limit to the weight
of school bags (or for avoiding use of schoolbags),
changing the type of school bag or the method of carry-
ing the school bag as primary measures for reducing
LBP in schoolchildren. 

S13: School furniture

Evidence S13
Milanese & Grimmer, in a cross-sectional study, reported
on 1269 schoolchildren aged 8-12 years from Australia
(Milanese & Grimmer 2004). Recent reports of headache
or spinal pain (cervical, thoracic or lumbar) were analyzed

in comparison with several anthropometric variables as
well as with the relationship between the latter and the
school furniture (the furniture used at home was not exam-
ined). The smallest students showed the best fit with
school furniture, while the tallest ones (4th quartile)
showed higher odds of reporting LBP. 

Discussion / consensus S13
There have been attempts to prevent LBP by modifications
of school furniture (Hopf et al. 1996; Knusel & Jelk 1994;
Linton 1994), and from a physiological point of view the
need for adjustable and dynamic furniture seems reason-
able to prevent present and future LBP. Limon et al recent-
ly evaluated the biomechanical appropriateness of the en-
vironment in elementary schools in Israel (Limon et al.
2004). Nearly 15% of the first graders and 20% of the 6th

graders had inappropriate chairs, and in a large percentage
of classes children were not sitting in front of the teacher.
However, that study does not provide any evidence of the
possible value of preventive interventions based on such
factors. Whilst three studies (Parcells et al. 1999; Denis et
al. 2003; Panagiotopoulou et al. 2004) indicated a mis-
match between students’ bodily dimensions and classroom
furniture, a possible association with LBP was not evaluat-
ed. Furthermore, Troussier et al, studying 8 to 11 year
olds, reported no significant differences in back pain prev-
alence between those who used Mandal’s furniture and
those who used ISO standard furniture during 4 to 5 years
(Troussier et al. 1999).

It can be concluded that the possible protective role of
adjusted school furniture remains unclear. The association
reported by Milanese and Grimmer is not confirmation
that an intervention on school furniture would be appropri-
ate to prevent LBP, since age cannot be excluded as a con-
founding variable (Milanese & Grimmer 2004).  There is
insufficient evidence to recommend for or against mod-
ified school furniture as a preventive measure for LBP
in schoolchildren.

Psychosocial factors

S14: Psychosocial factors

Evidence S14
According to a study of Balagué et al, psychological fac-
tors, labelled “positive” were associated with a reduction
of lumbar pain whilst those factors considered “negative”
were accompanied by an increase of this sort of pain (Bal-
agué et al. 1995). Moreover, in a recent study, Watson et al
it was suggested that psychosocial factors are more impor-
tant than mechanical factors for LBP occurring in young
populations (Watson et al. 2003). Similarly, Szpalski et al
found that lower scores for happiness, the quality of
falling asleep and health perception were associated with
higher back pain reports in 9-12 year olds (Szpalski et al.
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2002), and Gunzburg et al found in 9- year olds that gener-
al well-being was correlated with back pain (Gunzburg et
al. 1999). 

In line with these findings, numerous recent studies in
schoolchildren reported an association between back pain
and psychological factors, such as morning tiredness and
parental support (Kristjansdottir & Rhee 2002), poor well-
being and, in particular, poor self-perceived fitness (Sjolie
2002), a higher degree of somatising, diminished self-es-
teem and augmented negative affect (Staes et al. 2003),
disliking going to school (Storr-Paulsen 2002), psychoso-
matic factors (van Gent et al. 2003), life quality (Harreby
et al. 1999) and poor mental health (Feldman 2001).  Fur-
thermore, according to the prospective study of Jones et al
high levels of adverse psychosocial exposure, the presence
of conduct problems, such as anger, disobedience and vio-
lence, and high levels of hyperactivity were associated
with an increased risk to develop LBP in adolescents
(Jones et al. 2003).

Discussion / consensus S14
Since back pain reports in schoolchildren are mainly asso-
ciated with psychosocial factors and since it is shown in
the literature that LBP in the young is mostly benign and
self-limiting (Burton et al. 1996; Salminen et al. 1999), it
can be argued that there is limited scope for generalized
prevention of LBP in schoolchildren, and that medicalis-
ing the symptoms in schoolchildren needs to be avoided
(Balagué et al. 2003; Burton et al. 1996; Burton 1996).
Furthermore, an aggregation of symptoms retrieved by
questioning children can be misleading, and the definition
of boundaries between pain as an experience, as opposed
to pain as a sign of “a medically significant” disease, is
sometimes difficult. Children are in a general learning pro-
cess, including expression of pain in an adequate and ac-
ceptable fashion, both socially and culturally. Therefore, it
may be time to look at what pain, aches, disability and
“disease” mean to schoolchildren themselves, and not to
simply apply adult definitions to assess children and LBP
(Balagué et al. 2003). However, there is no evidence that
modification of psychological factors may have a pre-
ventive effect on LBP in schoolchildren. Moreover, it
can be questioned to what extent psychosocial risk factors
are modifiable in schoolchildren. 

Recommendations for future research:

General
It is reasonable to suggest that further research is needed
to determine the causal factors (and interactions between
them) for LBP. However, in view of the general nature of
LBP, the WG considered that further research into pre-
venting the undesirable consequences of LBP is likely to
have a greater impact. The following are lists of what the
WG decided could advance our knowledge in this respect.

Population
• Studies are needed to determine how and by whom in-

terventions are best delivered to specific target groups.
• Good quality RCTs are needed to determine the effec-

tiveness of specific interventions aimed at specific risk /
target groups.

• High quality studies are recommended into the effective-
ness of specific chairs, mattresses etc. to justify or refute
claims by commercial interests.

• Misconceptions about back pain are shown to be
widespread in adults, and they play a role in the devel-
opment of long-term disability (Goubert et al. 2004).
Further study is necessary to explore whether these mis-
conceptions may be prevented by carefully selected and
presented health promotion programmes, with the merit
of demedicalising LBP.

• More information is needed on what preventive inter-
ventions are currently used, and by whom, so that any
disadvantageous practices may be corrected. 

• More information is needed to match types of interven-
tions with specific/relevant outcomes.

Workers
• Good quality RCTs are needed to study the effectiveness

of daily physical activity for prevention of LBP and for
prevention of recurrence of LBP. In addition, the effec-
tiveness of physical exercise as well as daily physical
activity should be studied for prevention of (recurrence
of) sick leave due to LBP. 

• It is recommended to perform good quality RCTs on the
role of information oriented toward reducing fear avoid-
ance beliefs and improving coping strategies in the pre-
vention of LBP.

• More good quality RCTs are needed to determine the ef-
fectiveness of distributing (psychosocial) educational
pamphlets at the worksite, in terms of the impact on sick
leave, and to study the effectiveness of education on the
prevention of recurrence of sick leave due to LBP and,
importantly, to determine precisely what advice/instruc-
tion and mode of delivery may be most effective.

• Good quality RCTs are urgently needed to study the ef-
fectiveness of physical as well as organisational er-
gonomic interventions on a large variety of outcomes,
ranging from prevention of (recurrence of) LBP and pre-
vention of (recurrence of) sick leave due to LBP up to
compensable LBP.

• In studies evaluating the effectiveness of physical or or-
ganisational ergonomic interventions at the workplace,
randomisation at the individual level is often not feasi-
ble. It is recommended to perform more good quality
cluster-randomised studies instead of non-randomised
trials, controlled before/after studies, studies with inter-
rupted time series, or etiological studies.

• It is recommended to investigate whether effective inter-
ventions can be applied to all workers, irrespective of
gender, age, seniority and/or past history of LBP. If the
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effective interventions have to be more tailor-made, the
optimal approach for each relevant subgroup should be
examined.

School age
• RCTs evaluating the possible positive effects of preven-

tive programmes and risk factor modifications at young
age on adult LBP are advocated. 

• Studies to determine the most important/feasible out-
comes (occurrence, recurrence, disability etc) for pre-
vention during school age are advocated.

• From a physiological point of view, poor life style habits
and prolonged static sitting during school age on unad-
justed furniture may play a role in the origin of LBP: fur-
ther study is appropriate to determine any effectiveness
of school-based interventions (exercise/sport, desks/seat-
ing, backpacks/bags). 

• Misconceptions about back pain are shown to be
widespread in adults, and they play a role in the devel-
opment of long-term disability (Goubert et al. 2004).

Further study is necessary to explore whether these mis-
conceptions may be prevented by carefully selected and
presented health promotion programmes in schoolchil-
dren, with the merit of demedicalising LBP. 

• More study is needed to investigate the relationship be-
tween catastrophic thinking about pain, pain severity
and pain-related disability in children. 

• Further study with a follow-up into adulthood is needed
to evaluate whether or not the physical cumulative load
experience on the lumbar spine (e.g. from heavy book-
bag carrying or sitting on unadjusted furniture) during
childhood and adolescence contributes to adult LBP.

• Future projects should be of outstanding methodological
quality and probably interdisciplinary to take into ac-
count all the specificities of schoolchildren.

Acknowledgements The following people kindly reviewed (parts
of) the draft guideline: Torill H Tveito; Liv Magnussen; Liv Inger
Strand; Anne Elisabeth Llunggren; Nimrod Liram; Vered Neeman;
Tali Sahar; Ishai Lev; members of the COST B13 Management
Committee.

S163

References

Aaras A, Horgen G, Bjorset H-H, Walsoe
H. 2001. Musculoskeletal, visual and
psychosocial stress in VDU operators
before and after multidisciplinary ergo-
nomics interventions: a 6 years
prospective study - part II. Appl Erg
32: 559-571.

Aldrich R, Kemp L, Williams JS, Harris
E, Simpson S, Wilson A, McGill K,
Byles J, Lowe J, Jackson T. 2003. Us-
ing socioeconomic evidence in clinical
practice guidelines. BMJ 327: 1283-
1285.

Alexandre NMC, de Moraes MAA, Filho
HRC, Jorge SA. 2001. Evaluation of a
program to reduce back pain in nursing
personnel. Rev Saúde Pública 35: 356-
361.

Amako M, Oda T, Masuoka K, Yokoi H,
Campisi P. 2003. Effect of static tretch-
ing on prevention of injuries for mili-
tary recruits. Military Medicine 168:
442-446.

Andersson GBJ. 1997. The epidemiology
of spinal disorders. In The Adult Spine:
Principles and Practice (Ed. Frymoyer
JW) : 93-141, Lippincott-Raven,
Philadelphia.

Anema JR, Cuelenaere B, van der Beek
AJ, Knol DL, de Vet HC, van Meche-
len W. 2004. The effectiveness of er-
gonomic interventions on return-to-
work after low back pain: a prospective
two year cohort study in six countries
on low back pain patients sicklisted for
3-4 months. Occup Environ Med 61:
289-294.

Atherton J, Clarke AK, Harrison RA,
Maddison M. 1981. Low back pain -
the use of the isometric mattress.
British Journal of Occupational Thera-
py 44: 129-130.

Balagué F, Dudler J, Nordin M. 2003.
Low back pain in children. Lancet 361:
1403-1404.

Balagué F, Nordin M, Dutoit G, Wald-
burger M. 1996. Primary prevention,
education, and low back pain among
school children. Bulletin Hospital for
Joint Diseases 55: 130-134.

Balagué F, Skovron ML, Nordin M, Dutoit
G, Waldburger M. 1995. Low back
pain in schoolchildren: a study of fa-
milial and psychological factors. Spine
20: 1265-1270.

Balague F, Troussier B, Salminen JJ. 1999.
nonspecific low back pain in children
and adolescents: risk factors. European
Spine Journal 8: 429-438.

Balagué F, Troussier B, Salminen JJ. 1999.
nonspecific low back pain in children
and adolescents: risk factors. European
Spine Journal 8: 429-438.

Basford JR, Smith MA. 1988. Shoe in-
soles in the workplace. Orthopedics 11:
285-288.

Boer H, Seydel ER. 1998. Medical opin-
ions, beliefs and prescription of ortho-
paedic footwear: a survey of Dutch or-
thopaedists and rehabilitation practi-
tioners. Clin Rehabil 12: 245-253.

Brady RJ, Dean JB, Skinner TM, Gross
MT. 2003. Limb length inequality:
clinical implications for assessment
and intervention. J Orthop Sports Phys
Ther 33: 221-234.

Brisson C, Montreuil S, Punnett L. 1999.
Effects of ergonomics training program
on workers with video display units.
Scand J Work Environ Health 25: 255-
263.

Brophy MO, Achimore L, Moore-Dawson
J. 2001. Reducing incidence of low-
back injuries reduces costs. AIHAH 62:
508-511.

Buchbinder R, Jolley D, Wyatt M. 2001.
Population based intervention to
change back pain beliefs and disability:
three part evaluation. BMJ 322: 1516-
1520.

Burton AK. 1996. Low back pain in chil-
dren and adolescents: to treat or not?
Bulletin Hospital for Joint Diseases
55: 127-129.

Burton AK. 1997. Back injury and work
loss: Biomechanical and psychosocial
influences. Spine 22: 2575-2580.

Burton AK, Clarke RD, McClune TD,
Tillotson KM. 1996. The natural histo-
ry of low-back pain in adolescents.
Spine 21: 2323-2328.

Burton AK, McClune TD, Clarke RD,
Main CJ. 2004. Long-term follow-up
of patients with low back pain attend-
ing for maipulative care: outcomes and
predictors. Manual Therapy 9: 30-35.

Burton AK, Waddell G. 2002. Educational
and informational approaches. In New
avenues for the prevention of chronic
musculoskeletal pain and disability
(Ed. Linton SJ) : 245-258, Elsevier
Science, Amsterdam.



S164

Burton AK, Waddell G, Tillotson KM,
Summerton N. 1999. Information and
advice to patients with back pain can
have a positive effect: a randomized
controlled trial of a novel educational
booklet in primary care. Spine 24:
2484-2491.

Cardon G, De Bourdeaudhuij I, De Clercq
D. 2002a. Back education in elementa-
ry school: knowledge and perceptions
of pupils, parents and teachers. J Sch
Health 72: 100-106.

Cardon G, De Bourdeaudhuij I, De Clercq
D, Philippaerts R, Verstraete S, Geld-
hof E. 2004. The significance of physi-
cal fitness and physical activity for
self-reported back and neck pain in ele-
mentary schoolchildren. Pediatr Exerc
Sci 16: 1-11.

Cardon GM, De Clercq DLR, De Bour-
deaudhuij IMM. 2002b. Back educa-
tion efficacy in elementary schoolchil-
dren: A 1-year follow-up study. Spine
27: 299-305.

Cham R, Redfern MS. 2001. Effect of
flooring on standing comfort and fa-
tigue. Human Factors 43: 381-391.

Charney W. 1997. The lift team method
for reducing back injuries: a 10 hospi-
tal study. AAOHN 45: 300-304.

Cherkin DC, Deyo RA, Battie M, Street J,
Barlow W. 1998. A comparison of
physical therapy, chiropractic manipu-
lation, and provision of an educational
booklet for the treatment of patients
with low back pain. New England
Journal of Medicine 339: 1021-1029.

Cherkin DC, Deyo RA, Street JH, Hunt
M, Barlow W. 1996. Pitfalls of patient
education. Limited success of a pro-
gram for back pain in primary care.
Spine 21: 345-355.

Croft PR, Macfarlane GJ, Papageorgiou
AC, Thomas E, Silman AJ. 1998. Out-
come of low back pain in general prac-
tice: a prospective study. BMJ 316:
1356-1359.

Daltroy LH, Iversen MD, Larson MG,
Lew R, Wright E, Ryan J, Zwerling C,
Fossel AH, Liang MH. 1997. A con-
trolled trial of an educational program
to prevent low back injuries. New Eng
J of Med 337: 322-328.

de Vet HCW, Heymans MW, Dunn KM,
Pope DP, van der Beek AJ, Macfarlane
GJ, Bouter LM, Croft PR. 2002.
Episodes of low back pain: A proposal
for uniform definitions to be used in
research. Spine 27: 2409-2416.

Denis J, Darko M, Tomislav G, Viera G.
2003. Research on ergonomic charac-
teristics of high school furniture. Wood
Research 48: 53-62.

Donchin M, Woolf O, Kaplan L, Floman
Y. 1990. Secondary prevention of low-
back pain: A clinical trial. Spine 15:
1317-1320.

Dubb IBM, Driver HS. 1993. Ratings of
sleep and pain in patients with low
back pain after sleepting on mattresses
of different firmness. Physiotherapy
Canada 45: 26-28.

Enck P, Walten T, Traue HC. 1999. Asso-
ciations between back pain, quality of
sleep and quality of mattresses. Dou-
ble-blind pilot study with hotel guests.
Schmerz 13: 205-207.

Evanoff BA, Bohr PC, Wolf LD. 1999. Ef-
fects of a participatory ergonomics
team among hospital orderlies. Ameri-
can Journal of Industrial Medicine 35:
358-365.

Fanello S, Jousset N, Roquelaure Y,
Chotard-Frampas V, Delbos V. 2002.
Evaluation of a training program for
the prevention of lower back pain
among hospital employees. Nursing
and Health Science 4: 51-54.

Fauno P, Kalund S, Andreasen I, Jor-
gensen U. 1993. Soreness in lower ex-
tremities and back is reduced by use of
shock absorbing heel inserts. Int J
Sports Med 14: 288-290.

Feingold AJ, Jacobs K. 2002. The effect of
education on backpack wearing and
posture in a middle school population.
Work 18: 287-294.

Feldman DE. 2001. Risk factors for the
development of low back pain in ado-
lescence. American Journal of Epide-
miology 154: 30-36.

Feldman DE, Rossignol M, Shrier L,
Abenhaim L. 1999. Smoking - A risk
factor for development of low back
pain in adolescents. Spine 24: 2492-
2496.

Feldman DE, Shrier I, Rossignol M,
Abenhaim L. 2002. Work is a risk fac-
tor for adolescent musculoskeletal
pain. J Occup Environm Med 44: 956-
961.

Ferguson SS, Marras WS. 1997. A litera-
ture review of low back disorder sur-
veillance measures and risk factors.
Clin Biomech 12: 211-226.

Fredriksson K, Bildtc C, Hägga G, Kilbo-
ma Å. 2001. The impact on musculo-
skeletal disorders of changing physical
and psychosocial work environment
conditions in the automobile industry.
International Journal of Industrial Er-
gonomics 28: 31-45.

Garfin SR, Pye SA. 1981. Bed design and
it’s effect on chronic low back pain - a
limited controlled trial. Pain 10: 87-
91.

Gatty CM, Turner M, Buitendorp DJ, Bat-
man H. 2003. The effectiveness of
back pain and injury prevention pro-
grams in the workplace. Work 20: 257-
266.

Gebhardt WA. 1994. Effectiveness of
training to prevent job-related back
pain: a meta-analysis. Br J Clin Psych
33: 574.

Glomsrød B, Lønn JH, Soukup MG, Bø K,
Larsen S. 2001. „Active back school“,
prophylactic management for low back
pain: Three-year follow-up of a ran-
domized controlled trial. Journal of
Rehabilitation Medicine 33: 26-30.

Goodgold S, Corcoran M, Gamache D,
Gillis J, Guerin J, Coyle JQ. 2002.
Backpack use in children. Pediatr Phys
Ther 14: 122-131.

Goubert L, Crombez G, De Bourdeaudhuij
I. 2004. Low back pain, disability and
back pain myths in a community sam-
ple: prevalence and interrelationships.
Eur J Pain 8: 385-394.

Grimmer K, Williams M. 2000. Gender-
age environmental associates of ado-
lescent low back pain. Appl Ergon 31:
343-360.

Gunzburg R, Balagué F, Nordin M, Szpal-
ski M, Duyck D, Bull D, Melot C.
1999. Low back pain in a population of
school children. European Spine Jour-
nal 8: 439-443.

Gurney SR, Pye SA. 2002. Leg length dis-
crepancy. G & P 15: 195-206.

Hadler NM. 1997. Back pain in the work-
place. What you lift or how you lift
matters far less than whether you lift or
when. Spine 22: 935-940.

Haex B, van Audekercke R, vander Sloten
J, van Haute R, Baeteman J. 1998. The
influence of mattress stiffness on the
spinal curvature during bed rest: exper-
imental evaluation. J Biomechanics 31:
176.

Hagino C. 1997. Before-after study to de-
termine the effectiveness of an ad-
justable wood frame foam and wool
mattress bed-system (The Natura Mat-
tress System) in reducing chronic back
pain in adults. J Can Chiropr Assoc 41:
16-26.

Hansen L, Winkel J, Jorgensen K. 1998.
Significance of mat and shoe softness
during prolonged work in upright posi-
tion: based on measurements of low
back muscle EMG, foot volume chang-
es, discomfort and ground force reac-
tions. Appl Erg 29: 217-224.

Harreby M, Neergaard K, Hesselsoe G,
Kjer J. 1995. Are radiologic changes in
the thoracic and lumbar spine of ado-
lescents risk factors for low back pain
in adults? A 25-year prospective cohort
study of 640 school children. Spine 20:
2298-2302.

Harreby M, Nygaard B, Jessen T, Larsen
E, Storr-Paulsen A, Lindahl A, Fisker
I, Laegaard E. 1999. Risk factors for
low back pain in a cohort of 1389 Dan-
ish school children: an epidemiologic
study. European Spine Journal 8: 444-
450.



S165

Harrison DD, Harrison SO, Croft AC,
Harrison DE, Troyanovich SJ. 1999.
Sitting biomechanics, part 1: review of
the literature. J Man Phys Ther 22:
594-609.

Harrison DD, Harrison SO, Croft AC,
Harrison DE, Troyanovich SJ. 2000.
Sitting biomechanics, part II: optimal
car driver’s seat and optimal driver’s
spinal model. J Man Phys Ther 23: 37-
47.

Hazard RG, Reid S, Haugh LD, McFar-
lane G. 2000. A controlled trial of an
educational pamphlet to prevent dis-
ability after occupational low back in-
jury. Spine 25: 1419-1423.

Hestbaek L, Iachine IA, Leboeuf-Yde C,
Kyvik KO, Manniche C. 2004. Heredi-
ty of low back pain in a young popula-
tion: A classical twin study. Twin Re-
search 7: 16-26.

Hestbaek L, Leboeuf-Yde C, Engberg M,
Lauritzen T, Bruun NH, Manniche C.
2003a. The course of low back pain in
a general population. Results from a 5-
year prospective study. J Manipulative
Physiol Ther 26: 213-219.

Hestbaek L, Leboeuf-Yde C, Manniche C.
2003b. Low back pain: what is the
long-term course? A review of studies
of general patient populations. Euro-
pean Spine Journal 12: 149-165.

Heymans MW, van Tulder MW, Esmail R,
Bombardier C, Koes BW. 2004. Back
schools for nonspecific low back pain
(Cochrane Review). In The Cochrane
Library John WIley & Sons, Ltd,
Chichester.

Hiebert R, Skovron ML, Nordin M, Crane
M. 2003. Work restrictions and out-
come of nonspecific low back pain.
Spine 28: 722-728.

Hoogendoorn WE, van Poppel MNM,
Bongers PM, Koes BW, Bouter LM.
2000. Systematic review of psychoso-
cial factors at work and in private life
as risk factors for back pain. Spine 25:
2114-2125.

Hopf C, Schrot C, Rompe JD, Bodem F.
1996. No upright sitting position due to
alternative school furniture. Z Orthop
Ihre Grenzgeb 134: 22-25.

Hutchinson MR. 1999. Low back pain in
elite rhythmic gymnasts. Med Sci
Sports Exerc 31: 1686-1688.

Ihlebæk C, Eriksen HR. 2003. Are the
„myths“ of low back pain alive in the
general Norwegian population? Scand
J Public Health 31: 395-398.

Indahl A, Haldorsen EH, Holm S, Reik-
eras O, Ursin H. 1998. Five-year fol-
low-up study of a controlled clinical
trial using light mobilization and an in-
formative approach to low back pain.
Spine 23: 2625-2630.

Iyer SR. 2001. Schoolchildren and back-
packs. J Sch Health 71: 88.

Jacobson BH, Gemmell HA, Hayes BM,
Altena TS. 2002. Effectiveness of a se-
lected bedding system on quality of
sleep, low back pain, shoulder pain,
and spine stiffness. J Manipulative
Physiol Ther 25: 88-92.

Jellema P, van Tulder MW, van Poppel
MNM, Nachemson AL, Bouter LM.
2001. Lumbar supports for prevention
and treatment of low back pain. Spine
26: 377-386.

Jones GT, Watson KD, Silman AJ, Sym-
mons DPM, Macfarlane GJ. 2003. Pre-
dictors of low back pain in British
schoolchildren: A population-based
prospective cohort study. Pediatrics
111: 822-828.

Karjalainen K, Malmivaara A, Mutanen P,
Roine R, Hurri H, Pohjolainen T. 2004.
Mini-intervention for subacute low
back pain: two-year follow-up and
modifiers of effectiveness. Spine 29:
1069-1076.

Kihlstrand M, Stenman B, Nilsson S, Ax-
elsson O. 1999. Water-gymnastics re-
duced the intensity of back/low back
pain in pregnant women. Acta Obstet
Gynecol Scand 78: 180-185.

King PM. 2002. A comparison of the ef-
fects of floor mats and shoe in-soles on
standing fatigue. Appl Erg 33: 477-
484.

Knusel O, Jelk W. 1994. Pezzi-balls and
ergonomic furniture in the classroom.
Results of a prospective longitudinal
study. Schweiz Rundsch Med Prax 83:
407-413.

Koda S, Nakagiri S, Yasuda N, Ohara H.
1997. A follow-up study of preventive
effects on low back pain at worksites
by providing a participatory occupa-
tional safety and health program. In-
dustrial Health 35: 243-248.

Kool J, de Bie R, Oesch P, Knüsel O, van
den Brandt P, Bachmann S. 2004. Ex-
ercise reduces sick leave in patients
with non-acute nonspecific low back
pain: a meta-analysis. J Rehabil Med
36: 49-62.

Korovessis P, Koureas G, Papazisis Z.
2004. Correlation between backpack
weight and way of carrying, sagittal
and frontal spinal curvatures, athletic
activity, and dorsal and low back pain
in schoolchildren and adolescents. J
Spinal Disord Tech 17: 33-40.

Koul PA, Bhat MH, Lone AA, Koul AN,
Wahid A. 2000. The foam mattress-
back syndrome. J Assoc Physicians In-
dia 48: 901-902.

Kovacs FM, Abraira V, Pena A, Martín-
Rodríguez JG, Sánchez-Vera M, Ferrer
E, Ruano D, Guillén P, Gestoso M,
Muriel A, Zamora J, Gil del Real MT,
Mufraggi N. 2003a. Effect of firmness
of mattress on chronic nonspecific low-
back pain: randomised, double-blind,
controlled, multicentre trial. Lancet
362: 1599-1604.

Kovacs FM, Gestoso M, Gil del Real MT,
López J, Mufraggi N, Ignacio Méndez
J. 2003b. Risk factors for nonspecific
low back pain in schoolchildren and
their parents: a population based study.
Pain 103: 259-268.

Kraus JF, Schaffer KB, Rice T, Maroosis
J, Harper J. 2002. A field trial of back
belts to reduce the incidence of acute
low back injuries in New York City
home attendants. International Journal
of Occupational and Environmental
Health 8: 97-104.

Krause N, Dasinger LK, Neuhauser F.
1998. Modified work and return to
work: a review of the literature. J Oc-
cup Rehabil 8: 113-139.

Kristjansdottir G, Rhee H. 2002. Risk fac-
tors of back pain frequency in
schoolchildren: a search for explana-
tions to a public health problem. Acta
Paediatr 91: 849-854.

Kujala UM, Taimela S, Erkintalo M,
Salminen JJ, Kaprio J. 1996. Low-back
pain in adolescent athletes. Med Sci
Sports Exerc 28: 165-170.

Lahad A, Malter A, Berg AO, Deyo R.
1994. The effectiveness of four inter-
ventions for the prevention of low back
pain. JAMA 272: 1286-1291.

Lake JK, Power C, Cole TJ. 2000. Back
pain and obesity in the 1985 British
birth cohort: cause or effect? J Clin
Epidemiol 53: 245-250.

Larsen K, Weidich F, Leboeuf-Yde C.
2002a. Can custom-made biomechanic
shoe orthoses prevent problems in the
back and lower extremities? A random-
ized, controlled intervention trial of
146 military conscripts. J Manipulative
Physiol Ther 25: 326-331.

Larsen K, Weidick F, Leboeuf-Yde C.
2002b. Can passive prone extensions
of the back prevent back problems? A
randomized controlled intervention tri-
al of 314 military conscripts. Spine 27:
2747-2752.

Lebkowski WJ. 1997. Back pain in
teenagers and young adults. Pol
Merkuriusz Lek 2: 111-112.

Leclaire R, Esdaile JM, Suissa S, Rossig-
nol M, Prouix R, Dupuis M. 1996.
Back school in a first episode of com-
pensated acute low back pain: a clini-
cal trial to assess efficacy and prevent
relapse. Arch Phys Med Rehabil 77:
673-679.

Leclerc A, Landre MF, Pietri F, Beaudoin
M, David S. 1997. Evaluation of inter-
ventions for prevention of low back,
neck, and shoulder disorders in three
occupational groups. International
Journal of Occupational and Environ-
mental Health 3: 5-12.



S166

Lee J-H, Hoshino Y, Nakamura K, Kariya
Y, Saita K, Ito K. 1999. Trunk muscle
weakness as a risk factor for low back
pain: A 5-year prospective study. Spine
24: 54-57.

Limon S, Valinsky LJ, Ben-Shalom Y.
2004. Children at risk: risk factors for
low back pain in the elementary school
environment. Spine 29: 697-702.

Linton SJ. 1994. The role of psychological
factors in back pain and its remedia-
tion. Pain Reviews 1: 231-243.

Linton SJ. 2000. A review of psychologi-
cal risk factors in back and neck pain.
Spine 25: 1148-1156.

Linton SJ, Andersson T. 2000. Can chron-
ic disability be prevented? A random-
ized trial of a cognitive-behavior inter-
vention and two forms of information
for patients with spinal pain. Spine 25:
2825-2831.

Linton SJ, Hellsing AL, Bergström G.
1996. Exercise for workers with mus-
culoskeletal pain: Does enhancing
compliance decrease pain? J Occup
Rehabil 6: 177-190.

Linton SJ, Ryberg M. 2001. A cognitive-
behavioral group intervention as pre-
vention for persistent neck and back
pain in a non-patient population: a ran-
domized controlled trial. Pain 90: 83-
90.

Linton SJ, van Tulder MW. 2001. Preven-
tive interventions for back and neck
pain problems: What is the evidence?
Spine 26: 778-787.

Loisel P, Abenhaim L, Durand P, Esdaile
JM, Suissa S, Gosselin L, Simard R,
Turcotte J, Lemaire J. 1997. A popula-
tion-based, randomized clinical trial on
back pain management. Spine 22:
2911-2918.

Lonn JH, Glomsrod B, Soukup MG, Bo K,
Larsen S. 1999. Active back school:
Prophylactic management for low back
pain: A randomized, controlled, 1-year
follow up study. Spine 24: 865-871.

Lühmann D, Kohlmann T, Raspe H. 1999.
Die wirksamkeit von rückenschulpro-
grammen in kontrollierten studien.
Eine literaturübersicht. Zeitschrift für
Ärztliche Fortbildung und Qual-
itätssicherung 93: 341-348.

Lühmann D, Müller VE, Raspe H. 2003.
Prävention von rückenschmerzen. Ber-
telsmann Foundation, Gütersloh, Ger-
many.

MacGregor AJ, Andrew T, Sambrook PN,
Spector TD. 2004. Structural, psycho-
logical, and genetic influences on low
back and neck pain: A study of adult
female twins. Arthr Rheumatism 51:
160-167.

Mackenzie WG, Sampath JS, Kruse RW,
Sheir-Neiss GJ. 2003. Backpacks in
children. Clin Orthop 409: 78-84.

Maher CG. 2000. A systematic review of
workplace interventions to prevent low
back pain. Australian Journal of Phys-
iotherapy 46: 259-269.

Maier-Riehle B, Härter M. 2001. The ef-
fects of back schools - a meta-analysis.
International Journal of Rehabilitation
Research 24: 199-206.

Mannion AF, Muntener M, Taimela S,
Dvorak J. 1999. A randomized clini-
cal trial of three active therapies for
chronic low back pain. Spine 24:
2435-2448.

Marras WS, Allread WG, Burr DL,
Fathallah FA. 2000. Prospective valida-
tion of a low-back disorder risk model
and assessment of ergonomic interven-
tions associated with manual materials
handling tasks. Ergonomics 43: 1866-
1886.

McMeeken J, Tully E, Stillman B, Nat-
trass C, Bygott IL, Story I. 2001. The
experience of back pain in young Aus-
tralians. Man Ther 6: 213-220.

Meade TW, Dyer S, Browne W, Frank
AO. 1995. Randomised comparison of
chiropractic and hospital outpatient
management for low back pain: results
from extended follow up. BMJ 311:
349-350.

Mendez FJ, Gomez-Conesa A. 2001. Pos-
tural hygiene program to prevent low
back pain. Spine 26: 1280-1286.

Milanese S, Grimmer K. 2004. School fur-
niture and the user population: an an-
thropometric perspective. Ergonomics
47: 416-426.

Milgrom C, Finestone A, Lubovsky O, Zin
D, Lahad A, .2005. A controlled ran-
domized study of the effect of training
with orthoses on the incidence of
weight bearing induced back pain
among infantry recruits. Spine 30: 272-
275

Monsein M, Corbin TP, Culliton PD, Merz
D, Schuck EA. 2000. Short term out-
comes of chronic back pain on airbed
vs innerspring mattresses. MedGenMed
2: E36.

Morken T, Moen B, Riise T, Vigeland
Hauge SH, Holien S, Langedrag A, Ol-
son HO, Pedersen S, Liahjell Saue IL,
Midttun Seljebø G, Thoppil V. 2002.
Effects of a training program to im-
prove musculoskeletal health among
industrial workers - effects of supervi-
sors role in the intervention. Interna-
tional Journal of Industrial Ergonom-
ics 30: 115-127.

Mündermann A, Stefanyshyn DJ, Nigg
BM. 2001. Relationship between
footwear comfort of shoe inserts 
and anthropometric and sensory fac-
tors. Med Sci Sports Exerc 33: 1939-
1945.

Nachemson AL, Waddell G, Norlund AI.
2000. Epidemiology of neck and low
back pain. In Neck and back pain: The
scientific evidence of causes, diagnosis
and treatment (Ed. Nachemson AL,
Jonsson E) : 165-188, Lippincott Wil-
liams & Wilkins, Philadelphia.

Negrini S, Carabalona R. 2002. Backpacks
on! Schoolchildren’s perceptions of
load, associations with back pain and
factors determining the load. Spine 27:
187-195.

Newcomer K, Sinaki M. 1996. Low back
pain and its relationship to back
strength and physical activity in chil-
dren. Acta Paediatr 85: 1433-1439.

Ogon M, Riedl-Huter C, Sterzinger W,
Krismer M, Spratt KF, Wimmer C.
2001. Radiologic abnormalities and
low back pain in elite skiers. Clin Or-
thop 390: 151-162.

Owen BD, Keene K, Olson S. 2002. An
ergonomic approach to reducing
back/shoulder stress in hospital nursing
personnel: a five year follow up. Inter-
national Journal of Nursing Studies
39: 295-302.

Panagiotopoulou G, Christoulas K, Pa-
panckolaou A, Mandroukas K. 2004.
Classroom furniture dimensions and
anthropometric measures in primary
school. Appl Erg 35: 121-128.

Parcells C, Stommel M, Hubbard R. 1999.
Mismatch of classroom furniture and
student body dimensions. J Adolescent
Health 24: 265-273.

Redfern MS, Cham R. 2000. The influ-
ence of flooring on standing comfort
and fatigue. AIHAH 61: 700-708.

Salminen JJ, Erkintalo M, Laine M, Pentti
J. 1995. Low back pain in the young :
a prospective three-year follow-up
study of subjects with and without low
back pain. Spine 20: 2101-2107.

Salminen JJ, Erkintalo MO, Pentti J, Ok-
sanen A, Kormano MJ. 1999. Recur-
rent low back pain and early disc de-
generation in the young. Spine 24:
1316-1321.

Scheel IB, Hagen KB, Herrin J, Carling C,
Oxman AD. 2002. Blind faith? The ef-
fects of promoting active sick leave for
back pain patients: A cluster-random-
ized controlled trial. Spine 27: 2734-
2740.

Schenk RJ, Doran RL, Stachura JJ. 1996.
Learning effects of a back education
program. Spine 21: 2183-2188.

Schwellnus MP, Jordaan G, Noakes TD.
1990. Prevention of common overuse
injuries by the use of shock absorbing
insoles. A prospective study. Am J
Sports Med 18: 636-641.



S167

Scriver V, Crowe J, Wilkinson A, Mead-
owcroft C. 1994. A randomized con-
trolled trial of the effectiveness of ex-
ercise and/or alternating air mattress in
the control of back pain after percuta-
neous transluminal coronary angioplas-
ty. Heart & Lung 23: 308-316.

Sheir-Neiss GI, Kruse RW, Rahman T, Ja-
cobson LP, Pelli JA. 2003. The associ-
ation of backpack use and back pain in
adolescents. Spine 28: 922-930.

Shinozka T, Yano E, Murata K. 2001. In-
tervention for prevention of low back
pain in Japanese forklift workers.
American Journal of Industrial Medi-
cine 40: 141-144.

Siambanes D, Martinez JW, Butler EW,
Haider TH. 2004. Influence of school
backpacks on adolescent back pain. J
Pediatr Orthop 24: 211-217.

Sjolie AN. 2002. Psychosocial correlates
of low-back pain in adolescents. Eur
Spine J 11: 582-588.

Sjolie AN. 2003. Active or passive jour-
neys and low back pain in adolescents.
European Spine Journal 12: 581-588.

Sjölie AN, Ljunggren AE. 2001. The sig-
nificance of high lumbar mobility and
low lumbar strength for current and fu-
ture low back pain in adolescents.
Spine 26: 2629-2636.

Smedley J, Trevelyan F, Inskip H, Buckle
P, Cooper C, Coggon D. 2003. Impact
of ergonomic intervention on back pain
among nurses. Scandinavian Journal of
Work, Environment & Health 29: 117-
123.

Sobel E, Levitz SJ, Caselli MA, Christos
PJ, Rosenblum J. 2001. The effect of
customized insoles on the reduction of
postwork discomfort. J Am Podiatr
Med Assoc 91: 515-520.

Society for Prevention Research. 2004.
Standards of evidence: criteria for effi-
cacy, effectiveness and dissemination.
Society for Prevention Research, Falls
Church, VA, USA www.preventionre-
seacrch.org.

Soukup MG, Glomsrod B, Lonn JH, Bo K,
Larsen S. 1999. The effect of a
Mensendieck Exercise Program as sec-
ondary prophylaxis for recurrent low
back pain: A randomized, controlled
trial with 12-month follow-up. Spine
24: 1585-1592.

Staal JB, Hlobil H, van Tulder MW, Wad-
dell G, Burton AK, Koes BW, van
Mechelen W. 2003. Occupational
health guidelines for the management
of low back pain: an international com-
parison. Occup Environ Med 60: 618-
626.

Staes F, Stappaerts K, Lesaffre E, Vertom-
men H. 2003. Low back pain in Flem-
ish adolescents and the role of per-
ceived social support and effect on the
perception of back pain. Acta Paediatr
92: 444-451.

Storr-Paulsen A. 2002. The body-con-
sciousness in school - a back pain
school. Ugeskr Laeger 165: 37-41.

Sulzbach LM, Munro BH, Hirshfeld JWJr.
1995. A randomized clinical trial of the
effect of bed position after PTCA. Am
J Crit Care 4: 221-226.

Symonds TL, Burton AK, Tillotson KM,
Main CJ. 1995. Absence resulting from
low back trouble can be reduced by
psychosocial intervention at the work
place. Spine 20: 2738-2745.

Szpalski M, Gunzburg R, Balagué F,
Nordin M, Mélot C. 2002. A 2-year
prospective longitudinal study on low
back pain in primary school children.
European Spine Journal 11: 459-464.

Taimela S, Diederich C, Hubsch M, Hein-
ricy M. 2000. The role of physical ex-
ercise and inactivity in pain recurrence
and absenteeism from work after active
outpatient rehabilitation for recurrent
or chronic low back pain: A follow-up
study. Spine 25: 1809-1816.

Taimela S, Kujala UM, Salminen JJ, Vilja-
nen T. 1997. The prevalence of low
back pain among children and adoles-
cents: A nationwide, cohort-based
questionnaire survey in Finland. Spine
22: 1132-1136.

Tooms RE, Griffin JW, Green S, Cagle K.
1987. Effect of viscoelastic insoles on
pain. Orthopedics 10: 1143-1147.

Troussier B, Tesniere C, Fauconnier J,
Grison J, Juvin R, Phelip X. 1999.
Comparative study of two different
kinds of school furniture among chil-
dren. Ergonomics 42: 516-526.

Tveito TH, Hysing M, Eriksen HR. 2004.
Low back pain interventions at the
workplace: a systematic literature re-
view. Occup Med 54: 3-13.

Udo H, Fujimura M, Yoshinaga F. 1999.
The effect of a tilting seat on back,
lower back and legs during sitting
work. Ind Health 37: 369-381.

US Preventive Services Task Force. 2004.
Primary care interventions to prevent
low back pain in adults: recommenda-
tion statement. Agency for Healthcare
Research and Quality
(www.ahrq.gov/clinic/3rduspstf/low-
back/lowbackrs.htm), Rockville, MD.

van der Beek AJ. 2004. Werkaanpassingen
vanwege klachten aan het beweg-
ingsapparaat. (Ed. van Mechelen W,
Twisk JWR) : 14-22, Eslevier Gezond-
heidszorg, Maarsen.

van der Beek AJ, Frings-Dresen MHW,
Elders LAM. 2000. Effectiviteit van
werkaanpassingen bij werhervatting na
klachten aan het bewegingsapparaat.
Tijdschrift voor Bedrijfs- en Verzeker-
ingsgeneeskunde 8: 137-143.

van Deursin II, Patijn J. 1999. Sitting and
LBP: positive effect of rotary dynamic
stimuli during prolonged sitting. Eur
Spine J 8: 187-193.

van Duijn M, Miedema H, Elders L, 
Burdorf A. 2004. Barriers for early re-
turn-to-work of workers with muscu-
loskeletal disorders according to occu-
pational health physicians and human
resource managers. J Occup Rehabil
14: 31-41.

van Gent C, Dols JJCM, de Rover CM,
Sing RAH, de Vet HCW. 2003. The
weight of schoolbags and the oc-
curence of neck, shoulder, and back
pain in young adolescents. Spine 28:
916-921.

van Poppel MN, Koes BW, Smid T,
Bouter LM. 1997. A systematic review
of controlled clinical trials on the pre-
vention of back pain in industry. Occup
Environ Med 54: 841-847.

van Tulder MW, Tuut M, Pennick V,
Bombardier C, Assendelft WJJ. 2004.
Quality of primary care guidelines for
acute low back pain. Spine 29: E357-
E362.

Van HM, Noteboom H. 1988. Influence of
anterior tilted chair (ATC) and er-
gonomic adaptions on low back pain.
South Afr J Physiother 44: 77-83.

Verbeek JH, van der Weide WE, van Dijk
FJ. 2002. Early occupational health
management of patients with back
pain: A randomized controlled trial.
Spine 27: 1844-1851.

Versloot JM, Rozeman A, van Son AM,
Van Akkerveeken PF. 1992. The cost-
effectiveness of a back school program
in industry: a longitudinal controlled
field study. Spine 17: 22-27.

Viry P, Creveuil C, Marcelli C. 1999. Non-
specific back pain in children - A
search for associated factors in 14-
year-old schoolchildren. Rev Rhum 66:
381-388.

Vuori IM. 2001. Dose-response of physi-
cal activity and low back pain, osteoar-
thritis, and osteoporosis. Med Sci
Sports Exerc 33: S551-S586.

Waddell G, Burton AK. 2000. Occupation-
al health guidelines for the manage-
ment of low back pain at work - Evi-
dence review. Faculty of Occupational
Medicine, London.

Waddell G, Burton AK. 2001. Occupa-
tional health guidelines for the man-
agement of low back pain at work: ev-
idence review. Occup Med 51: 124-
135.

Waddell G, Burton AK. 2004. Concepts of
rehabilitation for the management of
common health problems. The Sta-
tionery Office, Norwich.

Waddell G, Burton AK, Main CJ. 2003.
Screening to identify people at risk 
of long-term incapacity for work.
Royal Society of Medicine Press,
London.



POTENTIAL CONFLICTS OF INTEREST

WORKING GROUP 3 (Prevention in LBP)

This declaration of potential conflicts of interest has been
signed by the following members of the COST B13 Work-
ing Group on European guidelines for prevention in low
back pain:

I have not received and will not receive any economic
or other type of support for myself or my research that
constitutes any conflict of interest for any statement in this
guideline.

I am not currently or have not been previously hired by
or supported by any organisation that receives financial

benefits from the promotion of any specific interventions
recommended in this guideline.

F. Balagué
A. K. Burton
G. Cardon
H. R. Eriksen
O. Hänninen
E. L. Harvey
Y. Henrotin
A. Lahad
A. Leclerc
G. Müller
A. J. van der Beek

S168

Watson KD, Papageorgiou AC, Jones GT,
Taylor S, Symmons DPM, Silman AJ,
Macfarlane GJ. 2002. Low back pain
in schoolchildren: occurance and char-
acteristics. Pain 97: 87-92.

Watson KD, Papageorgiou AC, Jones GT,
Taylor S, Symmons DPM, Silman AJ,
Macfarlane GJ. 2003. Low back pain
in schoolchildren: the role of mechani-
cal and psychosocial factors. Arch Dis
Child 88: 12-17.

Wedderkopp N, Leboeuf-Yde C, Ander-
sen LB, Froberg K, Hansen HS. 2003.
Back pain in children: No association
with objectively measured level of
physical activity. Spine 28: 2019-
2024.

Wergeland EL, Veiersted B, Ingre M, Ols-
son B, Akerstedt T, Bjornskau T, Vard
N. 2003. A shorter workday as a means
of reducing the occurrence of musculo-
skeletal disorders. Scand J Work Envi-
ron Health 29: 27-34.

Westgaard RH, Winkel J. 1997. Ergonom-
ic intervention research for improved
musculoskeletal health: A critical re-
view. International Journal of Industri-
al Ergonomics 20: 463-500.

Widhe T. 2001. Spine: posture, mobility
and pain. A longitudinal study from
childhood to adolescence. European
Spine Journal 10: 118-123.

Yassi A, Cooper JE, Tate RB, Gerlach S,
Muir M, Trottier J, Massey K. 2001. A
randomized controlled trial to prevent
patient lift and transfer injuries of
health care workers. Spine 26: 1739-
1746.

Yassi A, Tate R, Cooper JE, Snow S, Val-
lentyne S, Khokhar JB. 1995. Early in-
tervention for back injuries in nurses at
a large Canadian tertiary care hospital:
an evaluation of the effectiveness and
cost benefits of a two-year pilot pro-
ject. Occup Med 45: 209-214.

Young G, Jewell D. 2003. Interventions
for preventing and treating pelvic and
back pain in pregnancy (Cochrane Re-
view). In The Cochrane Library, Issue
4 John WIley & Sons, Ltd, Chichester.


