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Abstract The aim of this study was to present and com-
pare the content of (inter)national clinical guidelines for the
management of low back pain. To rationalise the manage-
ment of low back pain, evidence-based clinical guidelines
have been issued in many countries. Given that the available
scientific evidence is the same, irrespective of the country,
one would expect these guidelines to include more or less
similar recommendations regarding diagnosis and treat-
ment. We updated a previous review that included clinical
guidelines published up to and including the year 2000.
Guidelines were included that met the following criteria: the
target group consisted mainly of primary health care pro-
fessionals, and the guideline was published in English,
German, Finnish, Spanish, Norwegian, or Dutch. Only one
guideline per country was included: the one most recently
published. This updated review includes national clinical
guidelines from 13 countries and 2 international clinical
guidelines from Europe published from 2000 until 2008. The
content of the guidelines appeared to be quite similar
regarding the diagnostic classification (diagnostic triage)
and the use of diagnostic and therapeutic interventions.
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Consistent features for acute low back pain were the early
and gradual activation of patients, the discouragement of
prescribed bed rest and the recognition of psychosocial
factors as risk factors for chronicity. For chronic low back
pain, consistent features included supervised exercises,
cognitive behavioural therapy and multidisciplinary treat-
ment. However, there are some discrepancies for recom-
mendations regarding spinal manipulation and drug
treatment for acute and chronic low back pain. The com-
parison of international clinical guidelines for the manage-
ment of low back pain showed that diagnostic and
therapeutic recommendations are generally similar. There
are also some differences which may be due to a lack of
strong evidence regarding these topics or due to differences
in local health care systems. The implementation of these
clinical guidelines remains a challenge for clinical practice
and research.

Keywords Low back pain - Clinical guidelines -
Review - Diagnosis - Treatment

Introduction

Low back pain remains a condition with a relatively high
incidence and prevalence. Following a new episode, the
pain typically improves substantially but does not resolve
completely during the first 4—6 weeks. In most people the
pain and associated disability persist for months; however,
only a small proportion remains severely disabled [1]. For
those whose pain does resolve completely, recurrence
during the next 12 months is not uncommon [2, 3].

There is a wide acceptance that the management of low
back pain should begin in primary care. The challenge for
primary care clinicians is that back pain is but one of many
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conditions that they manage. For example while back pain,
in absolute numbers, is the eighth most common condition
managed by Australian GPs, it only accounts for 1.8% of
their case load [4]. To assist primary care practitioners to
provide care that is aligned with the best evidence, clinical
practice guidelines have been produced in many countries
around the world.

The first low back pain guideline was published in
1987 by the Quebec Task Force with authors pointing to
the absence of high-quality evidence to guide decision
making [5]. Since that time there has been a strong
growth in research addressing diagnosis and prognosis but
especially research on therapy. As an example of this
growth, at the time of the Spitzer guideline [5] there were
only 108 randomised controlled trials evaluating physio-
therapy treatments for low back pain but as at April 2009
there were 958.! The Cochrane database (Central) cur-
rently lists more than 2500 controlled trials evaluating
treatment for back and neck pain. The evidence from
these trials for most interventions is summarised in sys-
tematic reviews and meta-analysis. The Cochrane Back
Review Group, for example, has now published 32 sys-
tematic reviews of randomised controlled trials evaluating
interventions for low back pain. In the near future, sys-
tematic reviews of studies evaluating diagnostic inter-
vention for low back pain will also be included in the
Cochrane Library.

This dramatic growth in research would be a comfort to
those who were members of the original Quebec Task
Force but perhaps a challenge to those who served on
committees for later guidelines. With a large and ever
increasing research base to inform guidelines two potential
problems arise. The first and most obvious is that the rec-
ommendations in the guidelines may become out of date.
The second is that with a wealth of information to consider,
the various committees producing guidelines may produce
quite different treatment recommendations. At the same
time one can argue that if more precise and valid infor-
mation becomes available recommendations will become
more similar. A previous systematic review of clinical
practice guidelines was conducted in 2001 [6]. In that
review we assessed the available clinical guidelines from
11 countries and concluded that the guidelines provided
generally similar recommendations regarding the diagnos-
tic classification (diagnostic triage) and the use of diag-
nostic and therapeutic interventions. Consistent features
were the early and gradual activation of patients, the dis-
couragement of prescribed bed rest, and the recognition of
psychosocial factors as risk factors for chronicity. How-
ever, there were discrepancies for recommendations

! Based upon search of PEDro database April 29, 2009.
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regarding exercise therapy, spinal manipulation, muscle
relaxants, and patient information.

Bouwmeester et al. [7] concluded recently that the
quality of mono- and multidisciplinary clinical guidelines
for the management of low back pain, as measured with the
AGREE instrument has improved over time. The present
article focuses on the actual content of national clinical
guidelines on low back pain which have been issued since
2001. These guidelines are compared regarding the content
of their recommendations, the target group, the guideline
committee and its procedures, and the extent to which the
recommendations were based on the available literature
(the scientific evidence). We also highlight any changes in
recommendations that have occurred over time in com-
parison with our previous review [6].

Methods

Clinical guidelines were searched using electronic databases
covering the period 2000-2008: Medline (key words: low
back pain, clinical guidelines), PEDro (key words: low back
pain, practice guidelines, combined with AND), National
Guideline Clearinghouse (www.guideline.gov; key word:
low back pain), and National Institute for Health and Clinical
Excellence (NICE) (www.nice.org.uk; key word: low back
pain). Guidelines used in the previous review were checked
for updates. We also checked the content and reference list of
relevant reviews on guidelines, included a search on the Web
of Science citation index for articles citing the previous
review and asked experts in the field. To be included in this
review, the guidelines had to meet the following criteria: (1)
the guideline concerned the diagnosis and clinical manage-
ment of low back pain, (2) the guideline was targeted at a
multidisciplinary audience in the primary care setting, and
(3) the guideline was available in English, German, Finnish,
Spanish, Norwegian or Dutch because documents in these
languages could be read by the reviewers. Only one guideline
was included per country unless there were separate guide-
lines for acute and chronic low back pain. Where more than
one eligible guideline was available for a country, we
included the most recent guideline issued by a national body.
Guidelines from the following countries/regions and agen-
cies (year of publication) were included:

Australia, National Health and Medical Research
Council (2003) [8];

Austria, Center for Excellence for Orthopaedic Pain
Management Speising (2007) [9];

Canada, Clinic on Low back Pain in Interdisciplinary
Practice (2007) [10];

Europe, COST B13 Working Group on Guidelines for
the Management of Acute Low Back Pain in Primary Care
(2004) [11];
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Europe, COST B13 Working Group on Guidelines for
the Management of Chronic Low Back Pain in Primary
Care (2004) [12];

Finland, Working group by the Finnish Medical Society
Duodecim and the Societas Medicinae Physicalis et
Rehabilitationis Fenniae. Duodecim (2008) [13];

France, Agence Nationale d’Accreditation et d’Evalua-
tion en Sante (2000) [14];

Germany, Drug Committee of the German Medical
Society (2007) [15];

Italy, Italian Scientific Spine Institute (2006) [16];

New Zealand, New Zealand Guidelines Group
(2004) [17];

Norway,
(2007) [18];

Spain, the Spanish Back Pain Research Network
(2005) [19];

The Netherlands, The Dutch Institute for Healthcare
Improvement (CBO) (2003) [20];

United Kingdom, National Health Service (2008) [21];
and

United States, American College of Physicians and the
American Pain Society (2007) [22].

Data regarding the diagnostic and therapeutic recom-
mendations as well as background information of the
guideline process were extracted from the guidelines by
four of the authors, each assessing 3—4 guidelines. The
Finnish and Norwegian guidelines were assessed by col-
leagues with relevant language skills from The Netherlands
and Finland. The focus was on the process of guideline
development and the recommendations for diagnosis and
treatment. We used the same data categories as in the pre-
vious review to facilitate comparisons (see Tables 1, 2, 3).

Formi & Sosial- og helsedirectorated

Results
Patient population

Each of the guidelines considered the duration of symp-
toms but they vary in their scope and definitions. For
example, the guidelines from Australia and New Zealand
focus on acute low back pain whereas the guidelines from
Austria and Germany consider acute, subacute, chronic and
recurrent low back pain. The cut-off for chronic is not
always specified but when it was, 12 weeks was used.
Sometimes the word persistent rather than chronic was
used. Two guidelines (Austrian and German) provide rec-
ommendations for recurrent low back pain but do not
explicitly define ‘recurrent’.

Diagnostic recommendations

Table 1 compares the diagnostic classification and the
recommendations on diagnostic procedures in the various
guidelines. All guidelines recommend a diagnostic triage
where patients are classified as having (2) non-specific low
back pain, (2) suspected or confirmed serious pathology
(‘red flag’ conditions such as tumour, infection or fracture)
and (3) radicular syndrome. Some guidelines, e.g. the
Australian and New Zealand guidelines, do not distinguish
between non-specific low back pain and radicular syn-
drome. The German guideline also classifies a group of
patients who are at risk for chronicity, based on ‘yellow
flags’.

All guidelines are consistent in their recommendations
that diagnostic procedures should focus on the identifi-
cation of red flags and the exclusion of specific diseases
(sometimes including radicular syndrome). Red flags
include, for example, age at onset (<20 or >55 years),
significant trauma, unexplained weight loss and wide-
spread neurologic changes. The types of physical exami-
nation and physical tests that are recommended show
some variation. Some, such as the European guideline,
limit the examination to a neurological screen whereas
others advocate a more comprehensive musculoskeletal
(including inspection, range of motion/spinal mobility,
palpation, and functional limitation) and neurological
examination. The components of the neurologic screening
are not always explicit but where they are, comprise
testing of strength, reflexes, sensation and straight leg
raising.

None of the guidelines recommend routine use of
imaging, with imaging recommended at the initial visit
only for cases of suspected serious pathology (e.g. Aus-
tralian, European) or where the proposed treatment (e.g.
manipulation) requires the exclusion of a specific cause of
low back pain (French). Imaging is sometimes recom-
mended where sufficient progress is not being made but the
time cut-off varies from 4 to 7 weeks. Guidelines often
recommend MRI in cases with red flags (e.g. European,
Finland, Germany).

All guidelines mention psychosocial factors associated
with poor prognosis with some describing them as ‘yel-
low flags’. There is, however, considerable variation in
the amount of details given about how to assess ‘yellow
flags’ or the optimal timing of the assessment. The
Canadian and the New Zealand guidelines provide spe-
cific tools for identifying yellow flags and clear guide-
lines for what should be done once yellow flags are
identified.
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Table 1 continued

Psychosocial factors

Diagnostic classification Physical examination Imaging

Patient population

Country

Most apparent changes since 2001

In a few guidelines (Netherlands,

In some guidelines

Almost no change in

More countries (UK, Almost no change in

Addition of guidelines

US) the measurement of yellow
flags are now more strongly

(Finland, Germany) now

recommended types of
physical examination

diagnostic classifications
used in the guidelines

US) now include

from countries such as
Austria, Canada,

more explicit statements
regarding the use of CT

and MRI

recommendations for
chronic LBP in

recommended. In Germany the

assessments is now

France, Italy, Norway,
Spain and a unified
one from Europe

addition to acute LBP.

Germany now

recommended at a much earlier

stage

includes subacute and

recurrent LBP

Summary of Common Recommendations for Diagnosis of Low back
pain

* Diagnostic triage (non-specific low back pain, radicular
syndrome, serious pathology).

* Screen for serious pathology using red flags.

* Physical examination for neurologic screening (including straight
leg raising test).

* Consider psychosocial factors (yellow flags) if there is no
improvement.

* Routine imaging not indicated for non-specific low back pain.

Therapeutic recommendations

Table 2 compares therapeutic recommendations given in
the various guidelines. Patient advice and information is
recommended in all guidelines. The common message is
that patients should be reassured that they do not have a
serious disease, that they should stay as active as possible
and progressively increase their activity levels. Compared
with the previous review, the current guidelines increas-
ingly mention early return to work (despite having low
back pain) in their list of recommendations.

Recommendations for the prescription of medication
are generally consistent. Paracetamol/acetaminophen is
usually recommended as a first choice because of the
lower incidence of gastrointestinal side effects. Nonste-
roidal anti-inflammatory drugs are the second choice in
cases where paracetamol is not sufficient. There is some
variation between guidelines with regard to recommen-
dations for opioids, muscle relaxants, steroids, antide-
pressant and anticonvulsive medication as co-medication
for pain relief. Where the mode of consumption of anal-
gesics is described, time-contingent rather than pain-
contingent use, is advocated.

There is now broad consensus that bed rest should be
discouraged as a treatment for low back pain. Some
guidelines state that if bed rest is indicated because of
severity of pain, then it should not be advised for more than
2 days (e.g., Germany, New Zealand, Spain, Norway). The
Italian guideline advises 2—4 days of bed rest for major
sciatica but does clearly describe how major sciatica differs
from sciatica where bed rest is contraindicated.

There is also consensus that a supervised exercise pro-
gramme (as distinct from encouraging resumption of nor-
mal activity) is not indicated for acute low back pain.
Those guidelines that consider subacute and chronic low
back pain recommend exercise but note that there is no
evidence that one form of exercise is superior to another.
The European guideline advises against exercise that
requires expensive training and machines. The one area of

@ Springer
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therapy that is contentious is the use of spinal manipula-
tion. Some guidelines do not recommend the treatment
(e.g. Spanish, Australian), some advise that it is optional
(e.g. Austrian, Italian) and some suggest a short course for
those who do not respond to the first line of treatment (e.g.
US, the Netherlands). For some it is optional only in the
first weeks of an episode in acute low back pain (e.g.
Canada, Finland, Norway, Germany, New Zealand). The
French guideline advises that there is no evidence to rec-
ommend one form of manual therapy over another.

Summary of Common Recommendations for Treatment of Low
back pain

Acute or Subacute Pain
* Reassure patients (favourable prognosis).
* Advise to stay active.

* Prescribe medication if necessary (preferably time-contingent):
first line is paracetamol; second line is nonsteroidal
antiinflammatory drugs, consider muscle relaxants, opioids or
antidepressant and anticonvulsive medication (as co-medication
for pain relief).

* Discourage bed rest.

* Do not advise a supervised exercise programme.

Chronic Pain

* Discourage use of modalities (such as ultrasound, electrotherapy)
* Short-term use of medication/manipulation

* Supervised exercise therapy

* Cognitive behavioural therapy

* Multidisciplinary treatment

Setting

Table 3 shows some background variables related to the
development of the guidelines in the various countries.
Most of the guidelines focus on primary care though some
also include secondary care. The Spanish guideline is
written for health professions that treat low back pain.

Guideline committee

The various committees responsible for the development
and publication of guidelines appear to be different in size
and in the professional disciplines involved. Most com-
mittees are characterised by their multidisciplinary mem-
bership. These usually included primary care physicians,
physical and manual therapists, orthopaedic surgeons,
rheumatologists, radiologists, occupational and rehabilita-
tion physicians. The number of members varied from 7 to
31. Only three committees included consumer representa-
tion (Australia, New Zealand, the Netherlands).

Evidence-based review

All guidelines are more or less based on a comprehensive
literature search, including Cochrane Library, Medline,
Embase. Some committees (Austria, Germany, Spain)
based their recommendations, entirely or in part, on the
European guidelines. Most guidelines use an explicit
weighting of the strength of the evidence.

The Dutch, UK, European, Finnish, German, Norwegian
and Australian guidelines give direct links between the
actual recommendations and the evidence (via specific
references) on which the recommendations are based.
Other guidelines do not present a direct link but state that
for recommendation there is at least moderate or fair evi-
dence (New Zealand, US). Most committees use consensus
methods, mostly by group discussions when the evidence
was not convincing or not available.

Presentation and implementation

The activities related to the publication and dissemination
of the various guidelines show some differences and some
similarities. In most cases, the guidelines are accompanied
by easily accessible summaries for practitioners and
booklets for patients. Systematic implementation activities
are rare. In most cases, the printed versions of the guide-
lines are published in national journals and/or disseminated
through professional organisations to the target practitio-
ners. Most guidelines are available on the websites of
participating organisation. In many countries, regular
updates of the guidelines are planned with time horizons of
3-5 years.

Discussion

In the past decade many countries have issued (updated)
clinical guidelines for the management of low back pain. In
general these guidelines provide similar advice on the
management of low back pain. Common recommendations
are the diagnostic triage of patients with low back pain,
restricted use of radiographs, advice on early and pro-
gressive activation of patients, and the related discour-
agement of bed rest. The recognition of psychosocial
factors as a risk factor for chronicity is also consistent
across all guidelines, though with varying emphasis and
detail. There are also differences in the recommendations
provided by the guidelines, but these are few and probably
less than could expected for different health care systems
and cultures. One of the reasons for the similarity of the
guidelines might be that guideline committees are usually
aware of the content of other guidelines and are motivated
to produce similar recommendations that are deemed

@ Springer
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Table 3 continued

Presentation/Implementation

Evidence base Consensus

Guideline committee

Target group

Country

Most apparent change, if any, since 2001

In most cases the guideline is

In 2001 and at present consensus

More guidelines now explicitly state

The guideline committees in 2001 as

The current guidelines

published and disseminated

without an active

methods were used, Usually

that they are based on a previous
guideline (i.e. the European

well as currently consist of a

appear more often

group discussion take place, but
the exact method is often not

multidisciplinary panel (which of
course is not surprisingly since

focused on primary
care as well as
secondary care

implementation programme.
This has not changed since

2001
The main change is that

guidelines), furthermore almost all

clear. This has not changed since

2001

guidelines now explicitly state that

multidisciplinary guidelines were

they applied a weighting system to the

included in the current and the 2001

review)

compared to 2001

evidence. In 2001 a weighting system

was less often used

when the focus was

currently almost all guidelines
are available on a website

more exclusively on

primary care

whereas in 2001 more often
paper versions were

distributed

sensible and relevant. In some instances the guidelines are
a national adaptation (e.g. in Spain) of the European
guidelines.

We do not present an exhaustive overview of all clinical
guidelines available, but focused on national multidisci-
plinary guidelines. This enables a reasonable comparison
of recommended approaches across countries. A limitation
is thus that not all available guidelines, including mono-
disciplinary guidelines, are included.

Use of available evidence

Most reviews are based on extensive literature reviews.
Cochrane reviews are frequently used, comprehensive
searches in databases such as Medline, Embase and PEDro.
Increasingly the literature reviews of other and previous
guidelines are used as starting point for the (additional)
searches. Most committees also use some kind of weight-
ing system and rating of the evidence. There is some var-
iation in the way the recommendations are presented. In
some guidelines all the recommendations are directly
linked with references to the supporting evidence, and in
others a general remark is made that for all recommenda-
tions that there is at least moderate evidence available.

Differences in recommendations

Recommendations about the prescription of analgesic
medication remain fairly consistent. Most guidelines rec-
ommend paracetamol as the first option and nonsteroidal
anti-inflammatory preparations as the second option. Fur-
ther recommendations about other drugs like opioids,
muscle relaxants and benzodiazepines and antidepressants
vary quite considerably. Part of these variations might
reflect the setting and custom in different countries. Since
all the guidelines were issued within a relative short time
frame, the availability of underlying evidence did not vary
much.

The recommendations regarding spinal manipulation
continue to show some variation. In some guidelines
manipulation is recommended, or presented as a thera-
peutic option, usually for short-term benefit, but others do
not recommend it. This holds true for acute as well as
chronic low back pain. The reasons for these differences
remain speculative. Probably the underlying evidence is
not strong enough to result in similar recommendations
regarding manipulation across all guidelines, leaving the
committees some more room for interpretation, but also
local or political reasons may be involved.

There is now relatively large consensus across the var-
ious guidelines that specific back exercises (as opposed to
the advice to stay active, including for example walking,
cycling) are not recommended for patients with acute low
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back pain. At the same time back exercises are recom-
mended in chronic low back pain. Most guidelines do not
recommend a particular type of exercises for chronic low
back pain, but some state that they should be intense.

Recommendations in guidelines are based not only on
scientific evidence but also on consensus and discussion in
the guideline committees. Usually it is stated that consen-
sus was based on group discussion, but the details of these
discussions are seldom reported. It is also generally unclear
which recommendations are based mainly on scientific
evidence and which are based on (mainly) consensus.

There is little information on whether cost-effectiveness
played an important role as a basis for the recommendation
in a guideline. Of course, there are not yet many cost-
effectiveness studies available [23], but it is not fully clear
to what extent the published studies were used.

Most guidelines state that the prognosis of an episode of
low back pain is good. This holds especially true for
patients with acute episodes of low back pain. For patients
presenting with a longer duration with low back pain or
with recurrent low back pain the prognosis may be less
favourable. More individualised and precise estimates of
the prognosis of an episode of low back pain may be
desirable in the future.

Few changes in management recommendations
over time

This update showed that overall the recommendations in
the current guidelines regarding diagnosis and treatment of
low back pain did not change substantially compared to the
guidelines issued about a decade ago. This may well
illustrate the lack of new evidence showing better results
with new diagnostic and therapeutic approaches and/or
new evidence showing the inefficacy of existing interven-
tions. A less nihilistic view could be that already a decade
ago the most valid recommendations for the management
of low back pain were identified. Some may argue that this
is indeed the case, and that much more effort should now
be given to implementation of guidelines (see below).
Some recommendations did change over time. We now
see diagnostic recommendations appearing concerning the
value of MRI and CT scans (i.e. in relation to exclusion and
further diagnosis of red flags and serious spinal disorders).
However, these recommendations are not yet strong, pos-
sibly because there are not many diagnostic studies avail-
able evaluating the value of MRI in patients with low back
pain. Also, the recommendations regarding the assessment
of psychosocial risk factors for chronicity are more firm in
the current guidelines than that a decade ago. This reflects
the insight of the importance of these risk factors for the
development of chronicity and future disability. At the
same time we must conclude that we are not yet very
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successful in effective screening of the patients at risk and
subsequent therapeutic management of them [24].

Most apparent changes regarding therapeutic interven-
tions include the advice to continue work (despite having
low back pain) and or return to work as soon as possible.
There are now more recommendations of second line
medications such as antidepressants, opioids, benzodiaze-
pines and compound medications. But these recommen-
dations are not consistent across countries, potentially
because of weak underlying evidence. There are now also
more firm recommendations in favour of exercise therapy
in patients with subacute and chronic low back pain. The
latter is partly due to the fact that currently more guidelines
include recommendation for the management of chronic
low back pain as compared to a decade ago. Finally, the
reasons and options for referral within primary care and
secondary care are now more explicitly presented. It
appears that the global approach regarding the management
of low back pain remained largely unchanged in the past
decade, although some refinements have been suggested.

Implementation

The extent to which currently available guidelines are used
and followed in the various countries remains largely
unknown. A few studies evaluating various implementation
strategies for low back pain guidelines show that changing
clinical practice is not an easy task [25, 26]. The publica-
tion and dissemination of guidelines alone is usually not
enough to change the behaviour of health care providers
[27]. The development of effective implementation strate-
gies in this area remains a challenge.

Future developments in research and guideline
development

The present study was primary aimed at presenting an
update of the current clinical guidelines for the manage-
ment of low back pain in primary care. Clinical guidelines
focused at secondary care settings, occupational care set-
tings, or specific subgroups of patients with lumbosacral
radicular syndrome were not considered. Separate studies
need to be undertaken to present an overview for these
settings.

We assessed various aspects of the guideline develop-
ment in Table 3. A formal assessment of the quality, e.g.
with the AGREE instrument was not included. This was the
topic of a separate paper which concluded that the quality
of the guidelines indeed has improved over time [7].

The development of future guidelines in this field may
benefit from previous experiences, evidence-based reviews,
and various (inter) national guidelines as presented in this
overview. The previous review of clinical guidelines listed
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the following recommendations (slightly modified) for the
development of future guidelines in this field. Similar to a
recent review on the quality of guidelines [7], this review
shows that the quality of guidelines has improved over time
and some of the recommendations have been followed.
This includes recommendations 1, 3, and 4 (see below). For
others, there still is room for improvement Recommenda-
tion 2 is not consistently applied. Recommendations 5 and
6 have improved over time, but not all recommendations in
the guidelines are directly linked to the underlying evi-
dence, and the process of the consensus methods used is
not well described. Finally, the implementation strategies
and the time frame of future updates are not well presented.

Recommendations for the development of future guidelines in the
field of low back pain

1. Make use of available evidence-based reviews and previous
clinical guidelines.

2. Include relevant non-English publications (if available).

3. Determine in advance the intended target groups (health care
professions, patient population, and policy makers).

4. Be aware that the makeup of the guideline committee may have a
direct impact on the content of the recommendations.

5. Specify exactly which recommendations are evidence-based and
supply the correct references to each of these recommendations.

6. Specify exactly which recommendations are consensus-based
and explain the process.

7. Determine in advance the implementation strategy, and set a
time frame for future updates of the guideline.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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