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Abstract
Background: Variability between clinical practice guideline recommendations and actual clinical practice exists in
many areas of health care. A 2004 systematic review examining the effectiveness of guideline implementation
interventions concluded there was a lack of evidence to support decisions about effective interventions to
promote the uptake of guidelines. Further, the review recommended the use of theory in the development of
implementation interventions. A clinical practice guideline for the management of acute low-back pain has been
developed in Australia (2003). Acute low-back pain is a common condition, has a high burden, and there is some
indication of an evidence-practice gap in the allied health setting. This provides an opportunity to develop and
test a theory-based implementation intervention which, if effective, may provide benefits for patients with this
condition.
Aims: This study aims to estimate the effectiveness of a theory-based intervention to increase allied health
practitioners’ (physiotherapists and chiropractors in Victoria, Australia) compliance with a clinical practice guideline
for acute non-specific low back pain (LBP), compared with providing practitioners with a printed copy of the
guideline. Specifically, our primary objectives are to establish if the intervention is effective in reducing the
percentage of acute non-specific LBP patients who are either referred for or receive an x-ray, and improving mean
level of disability for patients three months post-onset of acute LBP.
Methods: The design of the study is a cluster randomised trial. Restricted randomisation was used to randomise
210 practices (clusters) to an intervention or control group. Practitioners in the control group received a printed
copy of the guideline. Practitioners in the intervention group received a theory-based intervention developed to
address prospectively identified barriers to practitioner compliance with the guideline. The intervention primarily
consisted of an educational symposium. Patients aged 18 years or older who visit a participating practitioner for
acute non-specific LBP of less than three months duration over a two-week data collection period, three months
post the intervention symposia, are eligible for inclusion. Sample size calculations are based on recruiting between
15 to 40 patients per practice. Outcome assessors will be blinded to group allocation.
Trial registration: Australian New Zealand Clinical Trials Registry ACTRN12609001022257 (date registered 25th
November 2009).

Background
Dozens of evidence-based clinical practice guidelines
(CPGs) are published annually with the potential to
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improve the quality and safety of health care. However,
failure to implement CPG recommendations has
resulted in patients receiving care that is inappropriate,
unnecessary, or even harmful [1-3]. Effective interventions are needed to address the barriers to change
required for successful implementation of CPGs.
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The most comprehensive systematic review to date
identified small to moderate effects of most interventions to implement CPGs [4]. Despite some promising
interventions, existing studies provide limited guidance
on the factors that moderate the effects of these interventions in different settings, professional groups, and
for different targeted behaviours. Consequently, we
know little about how to formulate effective strategies
for implementing CPGs. The use of theory has been
advocated to inform intervention development with the
potential to improve our understanding of why a particular intervention may be effective [5,6]. Theory can
provide an explicit basis for identifying determinants of
change and intervention techniques to modify these
determinants. This approach is supported by the United
Kingdom (UK) Medical Research Council (MRC) framework for developing and evaluating complex interventions [7]. Our protocol focuses on the last phase of this
framework: assessing effectiveness, cost-effectiveness,
and understanding change processes [8].
Low back pain (LBP) is a common and costly problem. At any one time, 26 in every 100 Australians have
LBP, and 79% of Australians will experience it at some
time in their lives [9]. The direct and indirect cost of
LBP in 2001 was estimated to total AUD 9,175 million
[10]. In 2003, the Australian National Health and Medical Research Council (NHMRC) endorsed a CPG for
acute LBP [11] that provided evidence for the diagnosis,
prognosis and treatment of acute non-specific LBP. The
relevant key messages are: that plain x-rays of the lumbar spine are not routinely recommended for people
with acute non-specific LBP because they are of limited
diagnostic value and provide no benefits in pain, function, or quality of life [11]; and advising these patients
to stay active produces a beneficial effect on pain, rate
of recovery, and function when compared to bed rest
and a specific exercise regimen (based on level I evidence) [11]. While the NHMRC CPG was published in
2003, recent systematic reviews of randomised trials still
support these two recommendations [12-14].
The CPG was disseminated in 2004 via: distribution of
an evidence summary booklet to 40,000 practitioners in
Australia, including allied health practitioners; distribution of consumer information sheets; and publicising the
availability of materials on the NHMRC website. It is
likely, therefore, that most practitioners who manage
people with LBP will be aware of and have access to the
CPG. However, recent research in Australian general
practice indicates that patterns of LBP management (particularly in relation to the x-ray and advice to stay active
behaviours) by general practitioners (GPs) have remained
unchanged [15]. To our knowledge, the effect that dissemination of the CPG has had on Australian allied health
practitioners’ behaviour has not been studied.
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There is a need to establish effective methods for facilitating the uptake of CPGs in allied health. About
one-third of the care for LBP in Australia is provided by
physiotherapists and chiropractors [16], however
research suggests that care is not always consistent with
the CPG recommendations. International studies demonstrate that chiropractors often investigate people with
acute non-specific LBP using plain radiography [17-23].
Physiotherapy management is less likely to include referral for plain x-ray, however Australian physiotherapists’
self-reported use of x-rays for acute non-specific LBP is
still too frequent [22], and physiotherapists feel uncertain
regarding the value of CPGs [24,25].
A number of randomised trials have investigated the
effectiveness of interventions to increase compliance with
CPG recommendations for the management of LBP by
GPs [26-38]. However, there has been little equivalent
research in allied health settings [39], with only three
cluster randomised trials (CRTs) reported – one in the
Netherlands [40,41], and two in the UK [42,43]. The
Netherlands CRT evaluated the effectiveness of an intervention consisting of two interactive workshops designed
to address barriers to implementation [40,41]. Practitioners in the intervention group followed the CPG more
frequently (odds ratio (OR) 2.05; 95% confidence interval
(CI) 1.15 to 3.65); however, this did not result in better
patient outcomes. A UK CRT assessed the effectiveness
of an evidence-based, local opinion leader-led LBP educational program compared to receiving in-service training on knee pathology management and found no
evidence of a difference in the odds of practitioners rating ‘providing advice to return to normal activities’ in the
top five most important treatments delivered to acute
LBP patients [42]. However, the confidence interval was
wide and did not exclude potentially important effects.
Another UK CRT compared practitioners receiving a
printed information package providing evidence-based
recommendations to no intervention [43]. Practitioners
in the intervention group were more likely to record providing advice to stay active in response to a single clinical
vignette (OR 1.29; 95% CI 1.03 to 1.61). However, these
studies did not investigate mechanisms of action of the
interventions, limiting the extent to which it is possible
to explain their findings using theories of behaviour
change.
We have recently completed a CRT investigating the
effectiveness of a theory-based intervention for implementing the NHMRC CPG in general practice (the
IMPLEMENT trial) [33]. The current trial (the ALIGN
trial) extends this work to allied health. At the writing
of this protocol (March to May 2010), baseline data collection, and the physiotherapy and chiropractic interventions have taken place. Data collection of the patient
participants has just begun.

McKenzie et al. Implementation Science 2010, 5:86
http://www.implementationscience.com/content/5/1/86

Trial objectives

The primary objective of the ALIGN trial is to estimate the effectiveness of a theory-based intervention
that aims to increase physiotherapists’ and chiropractors’ (in Victoria, Australia) compliance with a CPG
for acute LBP, compared with providing practitioners
with a printed copy of the guideline. Specifically, our
primary objectives are to establish if the intervention is
effective in:
(i) Reducing the percentage of acute non-specific
LBP patients who are either referred for an x-ray, or
receive an x-ray (practitioner behaviour);
(ii) Improving the mean level of disability for
patients three months post-onset of an episode
of acute non-specific LBP (patient level health
outcome).
Secondary objectives include estimating the effects of
the intervention for secondary outcomes in the following categories: (i) practitioner behaviour (provided
advice to stay active, advised bed rest, referred for imaging excluding x-ray), (ii) predictors of practitioner
behaviour (practitioner intention to behave in a manner
consistent with the CPG’s recommendations, behavioural constructs (e.g., knowledge, beliefs about capabilities)), (iii) patient health outcomes (pain severity,
health-related quality of life (HRQoL)), (iv) patient
health behaviour (x-ray occurred), and a (v) predictor of
patient health behaviour (patients’ fear-avoidance beliefs
(FAB)). In addition, we will assess cost-effectiveness
based on the practitioner and patient-level outcomes
described above, as well as assessment of HRQoL, health
service utilisation, and productivity gains/losses.

Methods
Trial design

The design of the trial will be a cluster randomised trial,
with the clusters being physiotherapy or chiropractic
practices including one or more practitioners. There are
challenges to employing a cluster randomised design
compared to patient randomised trials. These include
increased sample sizes, with associated additional costs
and complexity, and increased risk of selection bias at
the patient level [44,45]. Selection bias has been shown
to occur in cluster trials from selective recruitment of
participants by individuals who have knowledge of the
allocation status [46]. Despite these challenges, randomisation at the practice level has the benefit of reducing
potential contamination occurring from practitioners
concurrently managing intervention and control
patients, as would occur in a patient randomised trial
[47-49], and practitioners within the same practice
receiving different interventions, as would occur if
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practitioners were randomised. The latter ‘contamination’ may be seen as beneficial when randomisation
occurs at the practice level, because this may result in
greater diffusion of the intervention from interactions
between practitioners [50]. Therefore in the ALIGN
trial, randomisation at the practice level minimises the
potential for contamination between intervention and
control groups, while increasing the potential for diffusion of the intervention within intervention practices.
Eligibility and recruitment
Recruitment of physiotherapy and chiropractic practices

Sampling frames of physiotherapy and chiropractic practitioners were created from lists provided by their
respective Victorian Registration Boards. Updated contact details and information on their practices were
obtained from the national telephone directory, an internet version of the Yellow Pages® 2009. Practitioners who
were unlikely to be eligible (e.g., those practising in tertiary hospitals or practices obviously not providing care
for acute LBP patients) were removed from the sample
frame. All remaining practitioners were approached and
invited to participate (2,463 physiotherapists and 1,196
chiropractors). Practitioners were sent an invitation letter, explanatory statement, and consent form. Those
who did not respond were sent a maximum of four
reminder letters, each three weeks apart. When one
practitioner in a practice agreed to participate, a list of
all practitioners employed at that practice was created,
and invitation letters were sent to the other practitioners
informing them that the practice was included, encouraging them to participate, and allowing them to object to
the practice participating if they wished. If the latter
occurred, we planned to contact the practice manager
for direction on whether the consenting practitioners
within the practice could participate.
To increase the awareness of the trial, notices were
placed in professional newsletters and the trial was promoted at conferences. Strategies to promote participation
in the trial included offering professional development
points (for chiropractors in the intervention group only),
payment for assistance in accessing clinical files of
patients with acute LBP (AUD 5 per patient), and entry
into a draw to win a prize to attend a professionally relevant conference in Australia (up to a maximum of AUD
800). In addition, practitioners were advised that some
randomly selected participants would have the opportunity to discuss LBP management with colleagues and
experts in the field.
We initially intended to recruit 136 practices (68 physiotherapy and 68 chiropractic practices), but received a
better than expected response with 210 practices
wishing to participate. This included 133 physiotherapy
practices with 180 physiotherapists, and 77 chiropractic
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practices with 88 chiropractors. Given the uncertainty in
the parameters informing our sample size calculation
(e.g., intra-cluster correlation coefficient (ICC), see ‘Sample size’ section), we made a decision to include all
practices.
Recruitment of patient participants

Practitioners will recruit patient participants over a twoweek period at least three months post the intervention
symposia. Practices will be provided with study explanatory statements to distribute to all patients over this
period. At each consultation over this period, practitioners will complete a de-identified patient encounter
form recording, at a minimum, the date and start time
of the encounter. The practitioner will provide a brief
explanation about the study and will ask each patient
for verbal consent to complete a checklist about their
visit. If the patient consents, the practitioner will record
basic demographic information (date of birth, sex, post
code) and will determine if the patient meets the trial’s
inclusion criteria. Consenting patients with acute nonspecific LBP who also meet other eligibility criteria will
be considered patient participants. For these patients,
the practitioner will complete a checklist of diagnostic
procedures and interventions they have ordered, undertaken, or recommended. At the conclusion of the
consultation, the practitioner will provide patient participants with additional documentation regarding further
participation in the trial if they wish.
Patient participants will be provided with a brief
checklist to complete and a blank envelope. The checklist asks what diagnostic procedures and interventions
they have received, and also invites them to participate
further in the trial by consenting to additional data collection, either through completion of a survey at three
months post-onset of acute LBP, or allowing their clinical file to be audited by the research team, or both.
Patient participants will be asked by the practitioner to
complete the checklist before leaving the practice, place
it in the provided envelope, seal the envelope, and put it
in the box at reception. Those who are unable to complete the checklist at the time of their consultation will
be given the option of posting the checklist directly to
the research team. Patient participants will be informed
that their care will not be affected by their participation
in the trial, and that the information they provide will
not be available to practitioners at the practice. Patient
participants will remain de-identified, unless they consent to additional data collection (completion of survey
or file audit, or both). To promote participation in additional data collection, patients will be offered the incentive of being entered into a draw to win a mobile phone.
The patient recruitment process has the potential
to introduce selection bias because patients are recruited post-randomisation, and this is undertaken by
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practitioners who are aware of their own allocation status [51]. In cluster trials such as ALIGN, which include
patients with an acute condition, it is generally not possible to recruit patient participants prior to randomisation of practices [45]. Potential strategies for minimising
selection bias occurring through patient recruitment in
ALIGN included (i) researchers blinded to group allocation recruiting in practices, (ii) reception staff recruiting
patients, (iii) researchers blinded to group allocation
searching clinical files without patient consent, (iv)
using de-identified data produced by software for trawling electronic clinical files, and (v) using administrative
data. It was not possible for us to implement any of
these options. We did not have the resources available
to place recruiters at each of the practices (option (i)).
Some practices did not have reception staff, precluding
the use of option (ii). Australia’s state and commonwealth privacy legislation does not allow researchers to
access clinical files without patient consent (option (iii))
[52]. Most physiotherapy and chiropractic practices do
not use electronic clinical files, precluding the use of
option (iv). Finally, unlike in the general practice setting
where administrative data on x-ray referral is available
(MediCare Australia), this data is not available for physiotherapists and chiropractors. Given these limitations,
we plan to report data to assess potential selection bias.
Details are available in sections ‘Analysis subsets’ and
‘Descriptive analyses at baseline.’
Inclusion criteria

Physiotherapy and chiropractic practices were included
if the following criteria were met:
1. At least one practitioner within the practice provided written informed consent.
2. The practice was located in the state of Victoria,
Australia.
Physiotherapists and chiropractors were included if
they provided written informed consent and practised
within one of the participating practices.
Patient participants will be included if the following
criteria, determined by the practitioner, are met:
1. They attend a consenting practitioner for acute
non-specific LBP (of duration less than three months).
2. Provide consent.
3. Are 18 years of age or older.
4. Are able to understand and read English.
Exclusion criteria

Physiotherapy and chiropractic practices were excluded
if the practice manager objected to any practitioners
within the practice participating in the trial.
Physiotherapists and chiropractors were excluded if
any of the following criteria were met:
1. They were investigators of the trial.
2. They were members of the ALIGN advisory
committee.
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3. They were involved in interviews that informed the
development of the intervention.
4. They worked at more than one of the included
practices in the trial.
Patients attending the enrolled practices will not be
eligible for inclusion if any of the following criteria are
met. These criteria reflect the clinical scope of the acute
LBP NHMRC CPG [11].
1. Radicular leg pain is present; this is defined as leg
pain described as shooting, lancinating, or electric in
quality, extends below the knee, has a dermatomal distribution with or without paraesthesia.
2. They have had previous spinal surgery.
3. ‘Red flags’ are present alerting the possibility of serious conditions such as malignancy, infection, or
fracture.
4. They are pregnant.
Randomisation and allocation concealment

Practices meeting the inclusion criteria were randomly
allocated at the same time to receive either the intervention or control. Restricted randomisation was used to
reduce the probability of baseline imbalance in potential
confounding variables, and to provide greater statistical
power [50]. Four strata were defined by professional
group (physiotherapists and chiropractors) and the location of the practice (rural or metropolitan; defined from
the Rural, Remote, and Metropolitan Areas classification
system [53]). Within stratum, practices were allocated to
the intervention and control groups with equal probability (1:1 randomisation ratio). This was achieved by generating a computer random number (in the statistical
software package Stata [54]) for each practice, sorting
on the random number within each stratum, and allocating every alternate practice to the intervention group.
Professional group was considered an important stratification variable, because management of patients with
acute non-specific LBP may vary because of professional
training and philosophy. A survey of Australian primary
care physicians, including physiotherapists and chiropractors, suggested a difference in self-reported x-ray
use for acute non-specific LBP between the professional
groups [22]. In addition, in 2009 we undertook a survey
investigating the attitudes, beliefs, and intentions of physiotherapists and chiropractors in Australia, regarding
their management of patients with acute LBP (response
rate = 33%, sample size = 469). Differences in intention
to refer patients for x-ray and provide advice to stay
active were found between the professional groups. Specifically, of the next 10 patients presenting with acute
LBP, chiropractors intended to refer 3.7 (95% CI 3.2 to
4.3) more patients for an x-ray compared to physiotherapists, and provide advice to stay active to 0.6
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(95% CI 0.4 to 0.9) fewer patients (Unpublished data:
O’Connor D, Monash University, Australia).
We made a decision to include location of the practice
as a stratification variable because the rates of x-ray
referral may vary with geographical proximity to imaging centres, and because of geographic variation in
socioeconomic barriers to health service utilisation,
including diagnostic imaging [55].
Finally, consideration was given to stratifying by cluster size. Cluster size is quite commonly used as a stratification variable in community intervention trials [50]
because the size of a cluster is often a proxy for other
variables, which may be predictive of outcome, but are
more difficult to measure (e.g., educational environment
within a practice). In the ALIGN trial, we did not stratify by size of the practice because we were not able to
obtain accurate information on this variable.
A statistician who was independent of the trial team
undertook the randomisation. He was provided with a
file containing practice codes and stratification variables.
The file contained no identifying information about the
practices.
Blinding

It was not possible to blind investigators involved in the
delivery of the intervention to group allocation. In addition, due to the nature of the intervention, it was not
possible to blind the practitioners to group allocation.
However, practitioners only received minimal information about the intervention content in the recruitment
material. They were informed that they may have to
access materials about management of LBP either
through the Internet, or they may be invited to attend
an interactive workshop. Patient participants will be
informed through recruitment materials that their practitioner is participating in a study assessing practitioners’
management of patients presenting with acute LBP; they
will not be informed of the study design, and therefore
of their practitioners’ group allocation. However,
because the practitioner is not blinded, it is possible
that they might reveal their allocation to participating
patients. Outcome assessors extracting data from clinical
files of patients, and research assistants entering practitioner and patient completed checklists and questionnaires, will be blinded to group allocation. The trial
statistician will not be blinded to group allocation.
Interventions
Control group

Participants in control group practices received a
printed copy of the summary version of the guideline
and a written reminder of how to access it [11]. For
some practitioners, this provides an additional exposure
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to the CPG that was originally disseminated by the
NHMRC in 2004.
Intervention group

Intervention group practitioners received a theory-based
implementation intervention developed to address the
hypothesised determinants of CPG implementation
identified in phase one of this project. In phase one,
semi-structured interviews, underpinned by a theoretical
domains framework [56], were conducted with physiotherapists and chiropractors in Victoria, Australia.
Thematic analysis was used to map the identified barriers and facilitators of the target behaviours to the theoretical domains framework. The most salient domains
identified formed the basis of a survey, which was distributed to a random sample of practising physiotherapists and chiropractors in Victoria, South Australia, and
Western Australia. The survey quantified the association
between constructs from these domains and intention to
practice in a manner consistent with the guideline
recommendations. Both the findings of interviews and
survey informed the design of the intervention, and will
be published elsewhere.
The intervention consisted of: a full-day symposiumstyle event involving a combination of didactic lectures
delivered by peer opinion leaders (identified in consultation with representatives from the physiotherapy and
chiropractic associations), small group discussion led by
trained clinical facilitators, and practical sessions; supporting written material; and a follow-up phone call.
Separate symposia were held for physiotherapists and
chiropractors. All practitioners in the intervention
group, including those who were not able to attend the
symposium, received a DVD including videos of the
didactic sessions and printed resources about LBP management. A clinical member of the project team
attempted to follow-up all practitioners with a telephone
call to discuss difficulties encountered in implementing
behaviours and strategies to overcome these. More
detail on the intervention, including the development
process, will be reported in a separate publication. Symposia details are available in Additional File 1 - ‘ALIGN
intervention content.’
Finally, while not formally a component of the intervention or control group, the practitioner data collection
procedure involves completion of patient checklists
about LBP management and may act as a prompt to
change practitioner behaviour. The checklist includes a
broad range of diagnostic procedures and interventions
potentially used for patients with acute non-specific
LBP, irrespective of supporting evidence.
Timing of recruitment, intervention delivery, and follow-up

The physiotherapist and chiropractic symposia took
place on 20 and 27 February 2010, respectively. Practitioners in the intervention group were mailed a DVD of
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material from the symposium for their professional
group on 29 March 2010. Practitioners in the intervention group received a follow-up phone call two to four
weeks after either attending the symposium or being
sent the DVD. Materials were sent to the control group
on 10 March 2010.
Patient participant recruitment will take place over a
five-week period, beginning at least three months postsymposium delivery (31 May 2010). Each practice will
recruit patients for a period of two weeks (a longer period was judged to place too great a burden on practitioners). Practices will be randomly allocated to recruit
patients in either the first (31 May to 11 June 2010) or
second (21 June to 2 July 2010) data collection period.
Practitioners who are not able to collect data in either
of these periods (e.g., on holiday), will be invited to
select an alternative fortnight of data collection between
July and September 2010.
Figure 1 details the timing of recruitment, intervention
delivery, and data collection periods for practitioner and
patient participants.
Intervention fidelity

We will evaluate intervention fidelity, which is the
extent to which the intervention, as delivered, was
adhered to as planned [57]. The proportion of practitioners in the intervention group who attended the
symposium, received the follow-up call, and viewed the
DVD has been documented. The symposia were audioand video-recorded and will be transcribed verbatim.
Observed adherence will be assessed by content analysis of the symposium transcripts to evaluate which
intervention sections were covered, and which behaviour change techniques were delivered. An independent assessor attended each symposium and completed
a checklist to indicate whether or not planned intervention components and behaviour change techniques
were used. We will report the proportion of practitioners who received each different component of the
intervention and the data from the checklist completed
by the independent assessor in the main trial publication; the remaining components of this evaluation will
be reported in a separate publication.
Study outcomes
Primary outcomes

The primary outcome at the practitioner level is
whether the practitioner orders, undertakes, or recommends a lumbar x-ray for the acute non-specific LBP
patient over the two-week data collection period (occurring three months post-symposium). The primary outcome at the patient level is LBP specific disability three
months post-onset of their acute LBP episode (Table 1).
The rationale for selecting these outcomes as primary
outcomes is fully described in McKenzie et al. [33].
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Figure 1 Timing of recruitment, intervention delivery, follow-up of practitioner, and patient participants.

In brief, the intervention focused on two key recommendations from the CPG: diagnostic plain x-rays of the
lumbar spine are rarely necessary in the management of
acute LBP, and patients should be advised to remain
active. The primary outcome at the practitioner level
measures the effectiveness of the intervention in changing the practitioners’ behaviour for the first recommendation, x-ray referral. The primary outcome at the
patient level measures the effectiveness of the intervention in changing the practitioners’ behaviour for the second recommendation, providing advice to stay active,
and assessing whether this change results in improvements for the patients in terms of short-term disability.
Secondary outcomes

Secondary outcomes include measures of practitioner
behaviour (provided advice to stay active, advised bed
rest, referred for imaging excluding x-ray), predictors of
practitioner behaviour (practitioner intention to behave
in a manner consistent with the CPG’s recommendations, behavioural constructs), patient health outcomes
(pain severity, HRQoL), a predictor of patient health
behaviour (FAB), and a patient health behaviour (x-rayoccurred). The outcomes, data collection methods, and

assessment periods are included in Tables 1 and 2. Justification for the inclusion of these outcomes follows.
Practitioner behaviour The outcome ‘imaging referral
excluding x-ray’ has been included to estimate the effect
of the intervention on practitioners’ referral for other
types of imaging. Including this outcome stems from a
concern that while practitioners may reduce their use of
x-rays, they may concurrently increase their use of other
forms of imaging. Other forms of imaging are rarely
recommended for acute LBP [11]. The outcomes ‘advice
to stay active’ and ‘advised bed rest’ have been included
as additional measures to assess the effectiveness of the
intervention in changing practitioners’ behaviour, with
advice to stay active recommended, and advising bed
rest not recommended. These outcomes are predicted
to mediate the relationship between the intervention
and patient LBP specific disability.
Predictors of practitioner behaviour We have included
measures of behavioural intention and other behavioural
constructs (such as knowledge and beliefs about capabilities) as predictors of behaviour. Several outcomes measuring practitioners’ intentions toward behaving in a
manner consistent with the CPG’s two recommendations
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Table 1 Outcome measures
Outcome
(outcome category)

Data collection method

Outcome assessment
period

Source

Level data
collected at

X-ray referral
(practitioner behaviour)1

Checklist completed by
practitioner

3 to 4 months postsymposium

Practitioner

Patient

Advice to stay active
(practitioner behaviour)

Checklist completed by
practitioner

3 to 4 months postsymposium

Practitioner

Patient

Imaging referral excluding x-ray
(practitioner behaviour)

Checklist completed by
practitioner

3 to 4 months postsymposium

Practitioner

Patient

Advised bed rest
(practitioner behaviour)

Checklist completed by
practitioner

3 to 4 months postsymposium

Practitioner

Patient

X-ray referral (file audit)
(practitioner behaviour)

Clinical file audit

0 to 7 months postsymposium

Practitioner case
notes

Patient

Imaging referral excluding x-ray (file audit)
(practitioner behaviour)

Clinical file audit

0 to 7 months postsymposium

Practitioner case
notes

Patient

Intention to adhere to CPG recommendations:

Questionnaire

Baseline, 4 months postsymposium

Practitioner

Practitioner

Questionnaire

Baseline, 4 months postsymposium

Practitioner

Practitioner

LBP specific disability1
(health outcome)

Questionnaire

3 months post-onset acute
LBP episode

Patient

Patient

Pain severity
(health outcome)

Questionnaire

3 months post-onset acute
LBP episode

Patient

Patient

X-ray occurred
(health behaviour)

Questionnaire

3 months post-onset acute
LBP episode

Patient

Patient

Fear-avoidance beliefs
(predictor health behaviour)

Questionnaire

3 months post-onset acute
LBP episode

Patient

Patient

Health-related Quality of Life
(health outcome)

Questionnaire

3 months post-onset acute
LBP episode

Patient

Patient

Health Service Utilisation and Productivity
Gains/Losses

Questionnaire

3 months post-onset acute
LBP episode

Patient

Patient

Inference intended at the practitioner level

X-ray referral
Imaging referral excluding x-ray
Advice to stay active
Bed rest advice
(predictor practitioner behaviour)
Behavioural constructs2 (e.g., knowledge, beliefs
about capabilities)
(predictor practitioner behaviour)
Inference intended at the patient level

Table adapted from McKenzie et al. [33]. See Additional File 2 - ‘ALIGN outcome definitions’ for details of outcome definitions.
1
Primary outcome. 2Table 2 provides details of the behavioural construct domains.

are included because intention has been shown to be predictive of behaviour [58]. Intention is considered separately from the other behavioural constructs because it is
thought to mediate the relationship between these
constructs and actual behaviour. Details of the other
behavioural constructs are reported in Additional File 2 ‘ALIGN outcome definitions’ and Additional File 3 ‘ALIGN data collection instruments.’
Patient health outcomes We have included pain severity as an additional measure of the effectiveness of the
intervention on patient level health outcomes because
pain severity is a recommended core outcome measure
in LBP research [59]. In addition, it is useful to examine
if the small benefits on pain observed in patient randomised trials, which underpinned the guidelines, are

observed in a pragmatic setting with a less intensive
patient level intervention.
We have included a preference-based measure of
HRQoL in the set of patient-level outcomes to facilitate
estimation of intervention effects in terms of quality
adjusted life-years (QALYs). QALYs are commonly used
in healthcare priority setting to compare interventions
over multiple dimensions of HRQoL (in this case pain,
pain-related disability, and physical function inter alia).
Measurement of QALYs will permit the results of costeffectiveness analyses to be expressed in terms of incremental cost per QALY.
Predictor of patient health behaviour Fear-avoidance
beliefs, measured at the patient level, will be included
as a potential predictor of patient health behaviour.
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Table 2 Behavioural construct domains
Domain measured for
behaviour
Domains

Explanation

X-ray
referral1

Advice to
stay
active2

✓

✓

✓

✓

✓

✓3

Behavioural intention
Intention

The extent to which the practitioner intends to perform the behaviour.

Other behavioural domains
Beliefs about capabilities
The extent to which the practitioner feels confident in/control over performing the
behaviour.
Beliefs about consequences The extent to which the practitioner is in favour of performing the behaviour and has
positive behavioural beliefs.
Knowledge
Whether the practitioner has knowledge of the behaviour.

✓

✓

Professional role and identity The extent to which the practitioner feels it is their professional responsibility to perform
the behaviour.
Social influences
The extent to which the practitioner feels social pressure to engage in the behaviour.

✓

✓

✓

✓

Environmental context and
resources

The extent to which the practitioner feels the environmental context supports
performance of the behaviour.

✓

✓

Memory

The extent to which the practitioner remembers to perform the behaviour.

✗

✓

1

Managing patients without referral for plain x-ray.
2
Advising patients to stay active.
3
Includes measurement of practitioners’ fear-avoidance beliefs about physical activity and pain.

A recent systematic review investigating factors that
were predictive of disability up to three months after
the index consultation, identified a range of psychosocial
factors, including depression, job physical demands, and
FABs [60]. Fear-avoidance beliefs were more frequently
shown to be associated with acute LBP compared with
other psychosocial factors, and has been included for
this reason.
Patient health behaviour Patients will be asked if they
received an x-ray. When patients do not receive either a
referral for an x-ray or an x-ray from their practitioner,
they may choose to see another practitioner who may
provide an x-ray referral. While evidence of effectiveness
of the intervention in changing x-ray referral rates by
practitioners may be observed, it is of interest to examine if this ultimately changes the proportion of patients
who receive an x-ray.

approximately seven months post-symposium delivery.
The practitioner checklist and details of the data to be
extracted from clinical file audit are available in Additional File 3.
Predictors of practitioner behaviour will be measured
through a questionnaire, administered as a paper-based
questionnaire or through the internet, at baseline and
approximately four months following symposium
delivery.
Patient health outcomes, patient health behaviour, and
predictor of patient health behaviour, will be measured
through a questionnaire, administered as a paper-based
questionnaire or through the internet, at three months
post-onset of their acute LBP episode. The patient questionnaire is available in Additional File 3.
Details of the outcome definitions are available in
Additional File 2.

Outcome measurement

Data quality assurance

Practitioner behaviour will be measured through practitioner-completed checklists of patient consultations and
through clinical file audit. Practitioners will complete a
checklist for each patient consultation over the two-week
data collection period, indicating diagnostic procedures
and interventions ordered, undertaken, or recommended.
Outcomes measured through the checklists represent
the practitioners’ self-reported behaviour approximately
three to four months post-symposium delivery. Clinical
file audit will be undertaken for consenting patients.
Outcomes measured through clinical file audit will represent practitioners’ behaviour over the period zero to

Completed practitioner and patient questionnaires will
be checked for errors and missing data as they are
returned, and participants will be followed up to clarify
anomalies. Double data entry will be used for paperbased questionnaires, and practitioner- and patientcompleted checklists. When inconsistencies are found,
these will be corrected by referring back to the paperbased version. Practitioner-completed checklists will be
checked, as they are returned, to determine if there are
items or sections that have consistent errors or missing
data. When this occurs, practitioners will be followed up
to discuss any misunderstandings in completing the
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checklists. Patient participants who have consented to
follow-up data collection will be contacted if there is
missing data on their patient completed checklist. Practitioners of these patient participants will be contacted if
there is missing data on the practitioner-completed
checklist. Processes will be put in place to monitor the
number of practitioner- and patient-completed checklists received each day over the data collection period.
A continuous sampling plan will be used to check a
sample of data extracted from patient clinical files
[61,62].

estimated x-ray referral rates. Assuming 168 practices
complete the data collection (allowing for 20% attrition),
we have investigated the likely width of the 95% CI for
the risk difference and the log odds ratio for the primary
practitioner outcome x-ray referral, assuming a range of
values of the sample size parameters (Additional File 4 ‘ALIGN sample size calculations’). From this investigation, the width of the 95% CI for the observed difference
in x-ray referral rates between groups is likely to be in
the range of ±5% to ±7%. On the log odds scale, this is
equivalent to a range of ±0.26 to ±0.41.

Sample size

Effectiveness analyses
Analysis subsets

The primary practitioner outcome is x-ray referral. In our
original sample size calculation for this outcome, we
estimated that we would require 136 practices (68 physiotherapy and 68 chiropractic practices), each completing checklists for an average of 20 patient participants
(providing a total of 2,720 patient participants), to provide 80% power to detect a difference of 10% in x-ray
referral between intervention groups. This assumed a
39% x-ray referral rate in the control group, a 5% significance level, and an ICC of 0.10, and allowed for 20%
attrition in practices. Empirical research has suggested
ICCs of the order of 0.10 for process variables, such as
x-ray referral, in primary care [63]. Data on x-ray referral
rates were not available for the Australian context, so the
x-ray referral rate of 39% was estimated from international research and assumptions regarding the process of
x-ray referral in Australia. More specifically, for chiropractors, several international studies have estimated that
referral for x-ray for acute LBP ranges from 62% to 72%
[17,20,23]. For physiotherapists, we assumed that x-ray
referral rates would be similar to those found in Australian general practice, which has been estimated at 28%
[64], because many physiotherapists treat patients with
LBP on referral from, and in conjunction with, GPs.
Because we intended to recruit an equal number of
patient participants from physiotherapy and chiropractic
practices, we estimated the pooled x-ray referral rate to
be 47%. Interventions comparing standard CPG dissemination with no intervention control groups have shown
improvements in care of approximately 8% [4]. We therefore anticipated a decrease in the percentage of x-ray
referral in the control group of this magnitude, providing
an estimated referral rate of 39%.
As previously mentioned, we received a better than
expected response from practices wishing to participate
(133 physiotherapy and 77 chiropractic practices), and
made a decision to include all practices because of
uncertainties in the sample size calculation, including
our estimate of ICC, the average number of patient participants for whom checklists are completed per practice
(cluster size), variation in the cluster size, and the

The principle of intention-to-treat (ITT) is generally the
recommended analysis approach for randomised trials
because it maintains the comparability of the intervention groups, in known and unknown prognostic factors,
brought about through randomisation, thus providing
an unbiased estimate of intervention effect. In addition,
non-compliance by practitioners and patients is allowed
for, therefore providing an estimate of intervention
effect that is more reflective of actual clinical practice
[65,66]. For this reason, ITT analysis has been suggested
for pragmatic trials [67].
In patient randomised trials, requirements of an ideal
ITT analysis include compliance with the randomised
intervention, no missing responses, and follow-up on all
participants [65]. In a CRT, definition and application of
an ITT analysis is more challenging [68] because of
complexities with the hierarchical structure of the
design and recruitment of participants potentially occurring post-randomisation of the clusters. More specifically, in a CRT such as ours, practices, practitioners,
and patients may withdraw, or be lost to follow-up. In
addition, during the recruitment phase of patient participants, practitioners may not actively recruit patients,
potentially leading to empty clusters (this may be differential by group); they may recruit a differential number
of participants depending on allocation status; or they
may selectively recruit patients (leading to patients with
different characteristics between groups) [68]. Statistical
methods for handling missing data and dealing with
selection bias in CRTs are limited [69], and for some
forms of missing data (empty clusters), there is currently
no statistical solution [68].
We therefore plan to present a modified ITT analysis
as our primary analysis, where we will analyse clusters
and participants (practitioners and patients) as they have
been randomised, regardless of the intervention they
have received, but will not impute missing data. As part
of the secondary analyses, we plan to identify potential
predictors of missing data through modelling, and
include these predictors in the primary analysis model.
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Where possible, we plan to collect information on reasons for practice, practitioner, and patient withdrawal.
To investigate potential selective recruitment, we will
compare the practice list sizes [45], numbers of
recruited participants, and their characteristics, between
groups (examples of this include [70,71]).
Descriptive analyses at baseline

Descriptive statistics of demographic and potential confounding variables will be presented at baseline for the
purposes of investigating the comparability of the intervention groups, and to provide descriptive information
about the study sample. Potential confounding variables
will include those presented in Figure 2, practitioners’
self report of the average number of patients they treat
per week, and the average number of acute LBP patients
they treat per week (collected in the practitioner baseline questionnaire). In addition, we will compare
between groups measures of the patients’ pain (assessed
by both the practitioner and patient) and general health
(assessed by the practitioner) collected at the first visit
of incident cases of acute LBP over the data collection
period.
Primary analyses

We will estimate the effectiveness of the intervention
on primary and secondary outcomes with marginal
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modelling using generalised estimating equations
(GEEs). These models will appropriately account for
correlation of responses within practice. We plan to fit
an exchangeable correlation structure, where responses
from the same practice are assumed to be equally correlated [50,72]. Additionally, we intend to use robust variance estimation that will provide valid standard errors
even if the within-cluster correlation structure has been
incorrectly specified [73,74]. For binary outcomes, a
logit link function will be used. In the event that the
ICC of an outcome for a particular analysis is negative,
we will fit a generalised linear model with no adjustment for clustering (e.g., ordinary linear regression),
making the assumption that in the context of clusterbased evaluations, negative ICCs are more likely to
occur through sampling error than because of a true
negative ICC [50].
Our primary analyses of outcomes will include adjustment for stratification variables (professional group and
location of the practice) and pre-specified potential confounding variables (Figure 2). The potential confounders
have been selected through discussion amongst the
investigators and from published research (see Figure 2
notes). All pre-specified confounders will be included in
the models even when no baseline imbalance exists. We

Figure 2 Potential confounding variables adjusted for in the primary analyses. 1Practitioner checklist; 2Exposure period is the number of
data collection days post-patient entry into the trial. 3Clinical file audit; 4Practitioner questionnaire; 5Stratification variable; 6Imaging referral
excluding x-ray; 7 Adjusted for the baseline of the relevant behavioural construct (e.g., knowledge (Table 2)) for the specified behaviour
(managing patients without referral for plain x-ray or advising patients to stay active); 8Practitioners answer yes to the question ‘Do you primarily
treat Work Cover (compensable) patients at your main practice?’; 9Patient questionnaire; 10Managing patients without referral for plain x-ray;
11
Advising patients to stay active; *[100]; †[100,101]; ±[102]; ‡[103]; ·[104]; II [76]; ¶[105]; °[106].
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have chosen this approach because confounder selection
strategies that are based on collected data, (e.g., selecting
confounders using preliminary statistical tests) result in
models with poor statistical properties, such as incorrect
type I error rates [75-78]. In the circumstance that there
is limited data or events (e.g., advised bed rest), or both,
to adjust for all confounders, we will report estimates of
intervention effect from models including only the stratification variables, and baseline of the outcome variables
where appropriate (FAB, intention, and behavioural
constructs).
Estimates of intervention effect from these models
with binary outcomes will yield odds ratios. In addition
to the odds ratios, we plan to also provide estimates of
risk difference to aid interpretability and provide greater
information to fully assess the implications of the intervention effects [79]. Estimates of risk difference will be
estimated from GEEs, with robust variance estimation,
using an identity link function [80]. For each outcome,
the estimate of intervention effect and its 95% CI will be
provided. For the primary outcomes, we plan to provide
estimates of ICCs and their 95% CIs.
Regression diagnostics will be used to assess the influence of outliers on estimates of intervention effect and
for analysing residuals. No adjustment will be made for
multiple testing. All tests will be two-sided and carried
out at the 5% level of significance.
Secondary analyses

We will conduct a subgroup analysis to examine
whether the effect of the intervention on x-ray referral
is modified by professional group (physiotherapist versus
chiropractor). We hypothesise that the effect of the
intervention may differ by professional group because xrays are seen as more integral to the treatment of
patients for chiropractors compared with physiotherapists [22]. We will examine this by fitting a model that
includes an interaction term between intervention group
and professional group. The estimated ratio of odds
ratios and its 95% CI will be presented from this model.
GEEs will yield unbiased estimates of intervention
effect only when data are missing completely at random,
or when known covariates that are associated with the
missing data mechanism are included in the model
(missing at random) [69]. As part of the secondary analyses, we plan to identify potential predictors of missing
data through modelling (e.g., [81]), and include these
predictors in the primary analysis model. We will investigate methods to impute missing outcome data collected at baseline (e.g., baseline behavioural constructs,
FAB) [82]. Finally, we will investigate methods to adjust
for potential differential recruitment [68].
A disadvantage of using GEEs is that only one level of
clustering can be modelled. For data collected at the
patient level, there are three levels of data: practices,
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practitioners, and patients. It is possible to allow for
clustering at the practice level or the practitioner level.
While we have chosen to adjust for clustering at the
practice level, because this is the unit of randomisation,
there may be an argument for adjusting at the practitioner level if the variation at this level is larger; this
could be predicted to arise because the practitioner has
a more direct influence on patient outcomes (such as
x-ray referral). We will therefore undertake sensitivity
analyses investigating the impact of allowing for clustering at the level of the practitioner.
We plan to undertake explanatory analyses to investigate if intervention effects are mediated by our
hypothesised predictors of practitioner behaviour
[83-85]. Detailed description of our theoretical model
and results of these explanatory analyses will form
separate publications.
Finally, we plan to undertake analyses comparing the
outcomes (e.g., ‘x-ray referral,’ ‘imaging referral excluding
x-ray’) measured via different methods of data collection
(practitioner completed checklists, patient completed
checklists, file audit). In addition, we will undertake statistical analyses comparing proxy (e.g., clinical decisions
in response to vignettes) and direct methods of measuring clinical behaviour [86]. These analyses will be undertaken to add to our knowledge about the design of future
trials, but will not be considered part of the trial effectiveness analyses, and will inform a separate publication.
Economic evaluation

Active implementation entails an additional cost that
may or may not be offset by health gains and/or reductions in health service utilisation. Evidence is limited
regarding this trade-off between incremental costs (savings) and effects for active implementation versus simple
dissemination of practice guidelines for management of
LBP. Hoeijenbos et al. [87] conducted a cost-utility analysis comparing standard dissemination versus active
implementation of the Royal Dutch Physiotherapy Association (RDPA) guideline for non-specific LBP based on
data from the Bekkering CRT [40,41]. While lower per
patient healthcare utilisation in the active implementation group (mean = EUR 125, SD = EUR 91 versus
mean = EUR 145, SD = EUR 95, p = 0.026) offset the
relatively modest incremental treatment cost of active
implementation (EUR 366 per physiotherapist), the
observed differences in healthcare utilisation (and health
outcomes) could not be attributed to an intervention
effect due to failure to control for pre-existing betweengroup differences in patient characteristics. Hoeijenbos
et al. [87] therefore concluded that ‘it is very likely that
the extended implementation strategy incurs extra costs
without producing health gains, hence it is very likely to
be not cost-effective.’

McKenzie et al. Implementation Science 2010, 5:86
http://www.implementationscience.com/content/5/1/86

The implementation strategy employed by Bekkering
et al. [40,41] and the RDPA guideline differ from the
ALIGN intervention and the NHMRC guideline. Importantly, the RDPA guideline contains no specific recommendation that would limit referral for imaging [88],
and the implementation strategy employed by Bekkering
et al. [40,41] made no attempt to target referral behaviour for imaging. Another recently completed study
[33,89] will shortly report on the cost-effectiveness of
active implementation versus standard dissemination of
the NHMRC guideline, but its findings will relate to
general practice rather than to the allied health setting.
Findings from the economic evaluation described here
will therefore complement rather than replicate previous
findings.
Economic evaluation alongside the ALIGN CRT will
be conducted with the aim of quantifying additional
costs (savings) and health gains arising from the ALIGN
intervention as compared to access to the guideline via
existing practice. Secondary aims will be to determine
whether the incremental treatment costs of the ALIGN
intervention are offset by reductions in health service
expenditure (i.e., whether implementing the guideline is
cost-saving as compared with existing practice), and to
determine whether the ALIGN intervention dominates
existing practice (i.e., less costly but no less effective).
The time horizon for inclusion of relevant costs and
consequences for the trial-based evaluation described
here coincides with the final scheduled follow-up of
patient participants (three months post-onset of their
acute LBP episode).
The proposed economic evaluation will take a societal
perspective in identifying, measuring, and valuing costs
and consequences, but some cost categories likely to
produce clinically and economically insignificant variation in incremental cost will be excluded to simplify our
analysis [90]. Likewise, we exclude some dimensions of
health and HRQoL not captured by the patient-level
outcomes and some (but not all) non-health outcomes
(e.g., social status) on the grounds that their inclusion
would be unlikely to be alter policy recommendations.
Research and evaluation costs will be excluded except
where they might plausibly contribute to a clinically significant treatment effect. Costs common and invariant
to both intervention and control groups (e.g., costs associated with development and standard dissemination of
the guideline) will not be explicitly calculated for the
incremental analysis described here.
Identification, measurement, and valuation of health
outcomes

In line with the main analysis, the primary outcome for
the economic analysis will be x-ray referral to three
months post-onset of patients’ acute LBP episode based
on the practitioner checklist. For the economic analysis,
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we will conduct a secondary analysis under the assumption that referral implies occurrence such that patients
will be coded as ‘x-ray received’ if data from any one of
the practitioner completed checklist, clinical file audit,
or patient questionnaire indicate x-ray referral or occurrence. Patients will be coded as ‘x-ray avoided’ if x-ray
referral or occurrence is nowhere indicated in data from
the practitioner completed checklist, clinical file audit,
and patient questionnaire. For the purposes of the economic analysis, x-ray referral and x-ray avoided are
intermediate measures of mortality and morbidity effects
that occur beyond trial-end arising due to reduced exposure to ionising radiation [91]. Intervention effects with
respect to x-ray referral and x-ray avoided to three
months post-onset will be estimated using methods specified for the main analysis, controlling for the set of
potential confounders specified above.
Additional secondary outcomes for the economic analysis are: any imaging referral (including lumbosacral
plain x-ray, full spine plain x-ray, lumbar CT scan, lumbar MRI, or bone scan) and any imaging avoided to
three months post-onset, LBP-specific disability at three
months post-onset, and HRQoL at three months postonset. The rationale for measuring referral/avoidance of
any imaging in the economic analysis is as described
above for the outcome ‘imaging referral excluding x-ray.’
Intervention effects with respect to any imaging referral/
avoidance to three months post-onset will be estimated
using methods specified for the main analysis, controlling for the set of potential confounders specified above.
LBP-specific disability and HRQoL are included to provide measures of differential health outcomes arising
within the trial period due to inter alia any betweengroup difference in providing advice to stay active. Intervention effects with respect to LBP-specific disability
will be taken from the main analysis of Roland-Morris
Disability Questionnaire (RDQ) at three months postonset of their acute LBP episode, controlling for the set
of potential confounders specified above.
Preference-based HRQoL weights derived from the
patient-level AQoL-4D (Assessment of Quality of Life)
responses must be combined with a period of time to
permit estimation of intervention effects in QALY terms
(and incremental cost-effectiveness in cost per QALY
terms). Note, however, that follow up of LBP specific
disability and HRQoL for the ALIGN study is scheduled
for a single time point at three months post-onset. Due
to feasibility/resource constraints and to minimise
patient attrition at the primary endpoint, we decided
not to schedule repeated observations on patient level
outcome measures in the present trial. Findings from
two studies that informed development of the guideline
[92,93] suggest that any intervention effect with respect
to pain is likely to arise in the intermediate term (3 to
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12 weeks) rather than in the short term (<3 weeks).
Based on this limited information as to the time-path of
any intervention effect, patients are assumed to transition from their baseline health state to their observed
health state (as measured by HRQoL at three months
post-onset) at three weeks post-onset, remain stable in
their observed health state (as measured by HRQoL at
three months post-onset) during the nine weeks from
three to twelve weeks post-onset, before transitioning to
full or normal health by trial-end. Intervention effects
with respect to total QALYs are therefore estimated as
the difference between curves for treatment and control
groups over the nine weeks from three to twelve weeks
post-onset of their acute LBP episode using methods
specified for the main analysis of patient level clinical
outcome measures and controlling for the set of potential confounders specified above. No attempt has been
made to extrapolate from any between-group difference
at trial-end based, for example, on secondary data as to
the relative stability of pain, disability, and return to
work between three and twelve months post-onset [94].
Any between-group differences in transition to chronic
lower back pain are therefore excluded from our estimates of incremental effectiveness.
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Incremental analysis

Results from the economic evaluation will be expressed
as: additional costs (savings) per x-ray referral and per
x-ray avoided to three months post-onset; additional
costs (savings) per any imaging referral and per any
imaging avoided to three months post-onset; additional
costs (savings) per point difference in RDQ at three
months post-onset; and additional costs (savings) per
QALY gained.
Uncertainty

Cost-effectiveness acceptability curves (CEACs) will be
derived from the joint density of incremental costs
(ΔC) and incremental effects (ΔE) for the intervention
as compared to existing practice. The joint density will
be obtained via non-parametric bootstrapping from the
distribution of observed cost/effect pairs for patient
participants. Separate CEACs will be derived for
upper/lower bound estimates of a pre-specified set of
uncertain parameters not estimated with sampling
error: development costs (none, full); unit cost for
practitioner participant time (AUD 0, average hourly
wage rate), unit cost for patient travel/waiting time to
attend treatment (AUD 0, average hourly wage rate),
and the discount rate (3%, 7%).

Identification, measurement, and valuation of resource use

Incremental costs will reflect resource use associated with
development of the implementation intervention, delivery
of the implementation strategy, and any changes in clinical
practice and subsequent health effects. Methods for the
ALIGN cost-analysis will be as described by Mortimer et
al. [89] for the IMPLEMENT trial (planned analyses) but
paid and unpaid costs of homecare will be excluded on
the grounds that any between-group variation in homecare
costs is expected to be quantitatively unimportant.
Given the characteristic distribution of health costs
(truncated at zero and right skewed), the importance
of obtaining readily interpretable marginal effects, and
our interest in population-average effects, we will
model intervention effects on health service expenditure and total costs using one-part GEEs with a log
link rather than transformed ordinary least squares or
two-part models [95]. Specification of the log link for
the GEE model permits natural interpretation of marginal effects on cost without retransformation [95].
Correlation structure, standard errors, and controls for
confounding variables will be as specified for the main
analysis.
Adjustment for differential timing

All costs will be inflated to current AUD for the year
of study completion. All costs and benefits will be
converted to present values for the year of study completion using an annual discount rate of 5% in the
base-case, and annual rates of 3% and 7% in sensitivity
analysis.

Publication policy

The investigators of the grant will be responsible for
ensuring the results of the trial are published within a
reasonable timeframe after conclusion of the trial. The
results from the trial will be published regardless of the
outcome. Reporting of this trial will adhere to the relevant, and most up-to-date, CONSORT (Consolidated
Standards of Reporting Trials) statements at the time of
submission [79,96-99].
Ethical review

Ethical approval for this trial was obtained from the
Monash University Human Research Ethics Committee
(CF07/1060; CF09/1956). The investigators will ensure
the trial is conducted in compliance with this protocol
and the Australian National Statement on Ethical Conduct in Human Research [52].

Additional material
Additional file 1: ALIGN intervention content. This file includes an
outline of the symposium day, including a brief description of the
content in each session.
Additional file 2: ALIGN outcome definitions. This file provides
outcome definitions, including details of the measurement instruments
used.
Additional file 3: ALIGN data collection instruments. This file includes
practitioner and patient data collection instruments including the
practitioner vignettes, details of the measurement instruments for the
behavioural constructs, practitioner checklist (for physiotherapists), patient
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checklist, questionnaire for patients, fear-avoidance beliefs questionnaire
modifications, and data to be extracted from clinical file audit.
Additional file 4: ALIGN sample size calculations. This file includes
details of the assumptions and calculations in estimating the likely width
of the 95% CI for the risk difference and the log odds ratio, for the
primary practitioner outcome, x-ray referral.

Acknowledgements
We thank the ALIGN Advisory Committee, consisting of practitioners,
researchers, and consumers, for their input into the various design and
planning issues for the study: Paul Coburn (WorkSafe Victoria), Sally-Ann
Delaney (consumer representative), Charles Flynn (Physiotherapists
Registration Board of Victoria), Peter Kent (Institute of Regional Health
Services Research, University of Southern Denmark, Denmark), Jonathon
Kruger (Australian Physiotherapy Association), Jennifer Lake (Australian
Physiotherapy Association), Andrew Lawrence (Chiropractors’ Association of
Australia), Assunta Morrone (consumer representative), John Reggars (private
chiropractor), Debbie Zauder (consumer representative). We also
acknowledge the contribution provided by the late Christine Griffiths in her
role as a consumer representative on the advisory committee. We are
grateful to Katherine Beringer (School of Public Health and Preventive
Medicine, Monash University, Australia) for her contribution as a research
assistant on the project, and to Karen James (School of Public Health and
Preventive Medicine, Monash University, Australia) for her administration
support. We also thank Cindy Manukonga (School of Public Health and
Preventive Medicine, Monash University, Australia) for her administration
support and design contributions, including the design of Figure 1. We
thank Jessica Kaufman (School of Public Health and Preventive Medicine,
Monash University, Australia) for editing the background of an earlier version
of the manuscript. We are grateful to Sue Brennan (School of Public Health
and Preventive Medicine, Monash University, Australia) for critical review,
contributing text, and providing helpful discussion of the manuscript. Finally,
we gratefully acknowledge the practitioner and patient participants who
completed surveys and participated in interviews that informed the
development of the intervention.
The trial is funded by a NHMRC Project grant (436767). JJF has 50% of her
time funded by the Chief Scientist Office of the Scottish Government
Health Directorate. JMG holds a Canada Research Chair in Health
Knowledge Transfer and Uptake. SDF is supported by a NHMRC Primary
Health Care Fellowship (567071). All other authors are funded by their
own institutions. The NHMRC has had no involvement in the study design,
preparation of the manuscript, or the decision to submit the manuscript
for publication.
Author details
1
School of Public Health and Preventive Medicine, Monash University,
Melbourne, Australia. 2Centre for Health Economics, Faculty of Business and
Economics, Monash University, Melbourne, Australia. 3Primary Care Research
Unit, The University of Melbourne, Melbourne, Australia. 4School of
Chiropractic and Sports Science, Faculty of Health Sciences, Murdoch
University, Western Australia. 5Department of Physiotherapy, Monash
University, Melbourne, Australia. 6Clinical Epidemiology Program, Ottawa
Health Research Institute, Ottawa, Canada. 7Department of Medicine,
University of Ottawa, Ottawa, Canada. 8Department of Psychology, University
College London, UK. 9Health Services Research Unit, University of Aberdeen,
Scotland, UK.
Authors’ contributions
SEG, JEM, JMG, DSM, JLK, BFW, DAO, and SDF conceptualised and designed
the study, and secured funding; SEG was the lead investigator of the
funding application. MJP provided input on the design. DAO, SM, JJF, SEG,
MJP, JLK, BFW, SDF, and JMG designed the intervention. JEM wrote the first
draft of this publication excluding the background, description of the
interventions and intervention fidelity, and the economic evaluation. The
former two were contributed by MJP and the latter by DSM. All authors
contributed to revisions of the manuscript and take public responsibility for
its content.

Page 15 of 17

Competing interests
SEG, JMG, and SM are members of the editorial board of Implementation
Science. DAO is an associate editor of Implementation Science. JEM, DAO,
SDF, and SEG have received research funding for a different study from the
Physiotherapists Registration Board of Victoria. SDF has received research
funding from the Chiropractors Registration Board of Victoria and from the
Chiropractors Association of Australia. SEG and JLK have previously practised
as physiotherapists, and SDF and BFW have previously practised as
chiropractors, from which they have all derived an income. JEM and SEG are
funded to provide methods advice to guideline developers through
Australia’s NHMRC. The remaining authors declare that they have no
competing interests.
Received: 15 June 2010 Accepted: 10 November 2010
Published: 10 November 2010
References
1. Schuster MA, McGlynn EA, Brook RH: How good is the quality of health
care in the United States? Milbank Q 1998, 76:517-563, 509.
2. Bodenheimer T: The American health care system–the movement for
improved quality in health care. N Engl J Med 1999, 340:488-492.
3. Grol R: Successes and Failures in the Implementation of Evidence-Based
Guidelines for Clinical Practice. Med Care August 2001, 39(8):II-46-II-54.
4. Grimshaw J, Thomas R, MacLennan G, Fraser C, et al: Effectiveness and
efficiency of guideline dissemination and implementation strategies.
Health Technol Assess 2004, 8:1-84.
5. Eccles M, Grimshaw J, Walker A, Johnston M, Pitts N: Changing the
behavior of healthcare professionals: the use of theory in promoting the
uptake of research findings. J Clin Epidemiol 2005, 58:107-112.
6. Grol RP, Bosch MC, Hulscher ME, Eccles MP, Wensing M: Planning and
studying improvement in patient care: the use of theoretical
perspectives. Milbank Q 2007, 85:93-138.
7. Medical Research Council: A framework for development and evaluation
of RCTs for complex interventions to improve health, MRC Health
Services and Public Health Board discussion document. 2000.
8. Craig P, Dieppe P, Macintyre S, Michie S, Nazareth I, Petticrew M:
Developing and evaluating complex interventions: the new Medical
Research Council guidance. BMJ 2008, 337:a1655.
9. Walker BF, Muller R, Grant WD: Low back pain in Australian adults:
prevalence and associated disability. J Manipulative Physiol Ther 2004,
27:238-244.
10. Walker BF, Muller R, Grant WD: Low back pain in Australian adults: the
economic burden. Asia Pac J Public Health 2003, 15:79-87.
11. Australian Acute Musculoskeletal Pain Guidelines Group (AAMPGG):
Evidence-based management of acute musculoskeletal pain. Australian
Academic Press: Brisbane; 2003 [http://www.nhmrc.gov.au/publications/
synopses/cp94syn.htm].
12. Chou R, Fu R, Carrino JA, Deyo RA: Imaging strategies for low-back pain:
systematic review and meta-analysis. Lancet 2009, 373:463-472.
13. Liddle SD, Gracey JH, Baxter GD: Advice for the management of low back
pain: a systematic review of randomised controlled trials. Man Ther 2007,
12:310-327.
14. Dahm KT, Brurberg KG, Jamtvedt G, Hagen KB: Advice to rest in bed
versus advice to stay active for acute low-back pain and sciatica.
Cochrane Database Syst Rev 2010, 6:CD007612.
15. Williams CM, Maher CG, Hancock MJ, McAuley JH, McLachlan AJ, Britt H,
Fahridin S, Harrison C, Latimer J: Low back pain and best practice care:
A survey of general practice physicians. Arch Intern Med 2010,
170:271-277.
16. Walker BF, Muller R, Grant WD: Low back pain in Australian adults: health
provider utilization and care seeking. J Manipulative Physiol Ther 2004,
27:327-335.
17. Ammendolia C, Bombardier C, Hogg-Johnson S, Glazier R: Views on
radiography use for patients with acute low back pain among
chiropractors in an Ontario community. J Manipulative Physiol Ther 2002,
25:511-520.
18. Aroua A, Decka I, Robert J, Vader JP, Valley JF: Chiropractor’s use of
radiography in Switzerland. J Manipulative Physiol Ther 2003, 26:9-16.
19. Assendelft WJ, Pfeifle CE, Bouter LM: Chiropractic in The Netherlands: a
survey of Dutch chiropractors. J Manipulative Physiol Ther 1995, 18:129-134.

McKenzie et al. Implementation Science 2010, 5:86
http://www.implementationscience.com/content/5/1/86

20. Carey TS, Garrett J: Patterns of ordering diagnostic tests for patients with
acute low back pain. The North Carolina Back Pain Project. Ann Intern
Med 1996, 125:807-814.
21. Cherkin DC, MacCornack FA, Berg AO: Managing low back pain–a
comparison of the beliefs and behaviors of family physicians and
chiropractors. West J Med 1988, 149:475-480.
22. Kent PM, Keating JL, Taylor NF: Primary care clinicians use variable
methods to assess acute nonspecific low back pain and usually focus on
impairments. Man Ther 2009, 14:88-100.
23. Pedersen P: A survey of chiropractic practice in Europe. Euro J Chiro 1994,
42:3-28.
24. Li LC, Bombardier C: Physical therapy management of low back pain: an
exploratory survey of therapist approaches. Phys Ther 2001, 81:1018-1028.
25. Rutten G, Kremers S, Rutten S, Harting J: A theory-based cross-sectional
survey demonstrated the important role of awareness in guideline
implementation. J Clin Epidemiol 2009, 62:167-176, e161.
26. Becker A, Leonhardt C, Kochen MM, Keller S, Wegscheider K, Baum E,
Donner-Banzhoff N, Pfingsten M, Hildebrandt J, Basler HD, Chenot JF:
Effects of two guideline implementation strategies on patient outcomes
in primary care: a cluster randomized controlled trial. Spine 2008,
33:473-480.
27. Bishop PB, Wing PC: Knowledge transfer in family physicians managing
patients with acute low back pain: a prospective randomized control
trial. Spine J 2006, 6:282-288.
28. Dey P, Simpson CW, Collins SI, Hodgson G, Dowrick CF, Simison AJ,
Rose MJ: Implementation of RCGP guidelines for acute low back pain: a
cluster randomised controlled trial. Br J Gen Pract 2004, 54:33-37.
29. Eccles M, Steen N, Grimshaw J, Thomas L, McNamee P, Soutter J, Wilsdon J,
Matowe L, Needham G, Gilbert F, Bond S: Effect of audit and feedback,
and reminder messages on primary-care radiology referrals: a
randomised trial. Lancet 2001, 357:1406-1409.
30. Engers AJ, Wensing M, van Tulder MW, Timmermans A, Oostendorp RA,
Koes BW, Grol R: Implementation of the Dutch low back pain guideline
for general practitioners: a cluster randomized controlled trial. Spine
2005, 30:559-600.
31. Jellema P, van der Windt DAWM, van der Horst HE, Twisk JWR,
Stalman WAB, Bouter LM: Should treatment of (sub)acute low back pain
be aimed at psychosocial prognostic factors? Cluster randomised clinical
trial in general practice. BMJ 2005, 331:84.
32. Kerry S, Oakeshott P, Dundas D, Williams J: Influence of postal distribution
of the Royal College of Radiologists’ guidelines, together with feedback
on radiological referral rates, on X-ray referrals from general practice: a
randomized controlled trial. Fam Pract 2000, 17:46-52.
33. McKenzie JE, French SD, O’Connor DA, Grimshaw JM, Mortimer D, Michie S,
Francis J, Spike N, Schattner P, Kent PM, et al: IMPLEmenting a clinical
practice guideline for acute low back pain evidence-based
manageMENT in general practice (IMPLEMENT): Cluster randomised
controlled trial study protocol. Implement Sci 2008, 3:11.
34. Oakeshott P, Kerry SM, Williams JE: Randomized controlled trial of the
effect of the Royal College of Radiologists’ guidelines on general
practitioners’ referrals for radiographic examination. Br J Gen Pract 1994,
44:197-200.
35. Robling MR, Houston HL, Kinnersley P, Hourihan MD, Cohen DR, Hale J,
Hood K: General practitioners’ use of magnetic resonance imaging: an
open randomized trial comparing telephone and written requests and
an open randomized controlled trial of different methods of local
guideline dissemination. Clin Radiol 2002, 57:402-407.
36. Rossignol M, Abenhaim L, Seguin P, Neveu A, Collet JP, Ducruet T,
Shapiro S: Coordination of primary health care for back pain. A
randomized controlled trial. Spine 2000, 25:251-258.
37. Schectman JM, Schroth WS, Verme D, Voss JD: Randomized controlled trial
of education and feedback for implementation of guidelines for acute
low back pain. J Gen Intern Med 2003, 18:773-780.
38. Shekelle PG, Kravitz RL, Beart J, Marger M, Wang M, Lee M: Are nonspecific
practice guidelines potentially harmful? A randomized comparison of
the effect of nonspecific versus specific guidelines on physician decision
making. Health Serv Res 2000, 34:1429-1448.
39. van der Wees PJ, Jamtvedt G, Rebbeck T, de Bie RA, Dekker J, Hendriks EJ:
Multifaceted strategies may increase implementation of physiotherapy
clinical guidelines: a systematic review. Aust J Physiother 2008, 54:233-241.

Page 16 of 17

40. Bekkering GE, Hendriks HJ, van Tulder MW, Knol DL, Hoeijenbos M,
Oostendorp RA, Bouter LM: Effect on the process of care of an active
strategy to implement clinical guidelines on physiotherapy for low back
pain: a cluster randomised controlled trial. Qual Saf Health Care 2005,
14:107-112.
41. Bekkering GE, van Tulder MW, Hendriks EJ, Koopmanschap MA, Knol DL,
Bouter LM, Oostendorp RA: Implementation of clinical guidelines on
physical therapy for patients with low back pain: randomized trial
comparing patient outcomes after a standard and active
implementation strategy. Phys Ther 2005, 85:544-555.
42. Stevenson K, Lewis M, Hay E: Does physiotherapy management of low
back pain change as a result of an evidence-based educational
programme? J Eval Clin Pract 2006, 12:365-375.
43. Evans DW, Breen AC, Pincus T, Sim J, Underwood M, Vogel S, Foster NE:
The effectiveness of a posted information package on the beliefs and
behavior of musculoskeletal physiotherapists: The UK Chiropractors,
Osteopaths, and Muculoskeletal Physiotherapists Low Back Pain
ManagemENT (COMPLeMENT) randomized trial. Spine 2010, 35:858-866.
44. Torgerson DJ: Contamination in trials: is cluster randomisation the
answer? BMJ 2001, 322:355-357.
45. Eldridge S, Kerry S, Torgerson DJ: Bias in identifying and recruiting
participants in cluster randomised trials: what can be done? BMJ 2009,
339:b4006.
46. Puffer S, Torgerson D, Watson J: Evidence for risk of bias in cluster
randomised trials: review of recent trials published in three general
medical journals. BMJ 2003, 327:785-789.
47. Campbell MK, Mollison J, Grimshaw JM: Cluster trials in implementation
research: estimation of intracluster correlation coefficients and sample
size. Stat Med 2001, 20:391-399.
48. Eccles M, Grimshaw J, Campbell M, Ramsay C: Research designs for
studies evaluating the effectiveness of change and improvement
strategies. Qual Saf Health Care 2003, 12:47-52.
49. Godwin M, Ruhland L, Casson I, MacDonald S, Delva D, Birtwhistle R,
Lam M, Seguin R: Pragmatic controlled clinical trials in primary care: the
struggle between external and internal validity. BMC Med Res Methodol
2003, 3:28.
50. Ukoumunne OC, Gulliford MC, Chinn S, Sterne JA, Burney PG: Methods for
evaluating area-wide and organisation-based interventions in health and
health care: a systematic review. Health Technol Assess 1999, 3:iii-92.
51. Eldridge S, Ashby D, Bennett C, Wakelin M, Feder G: Internal and external
validity of cluster randomised trials: systematic review of recent trials.
BMJ 2008, 336:876-880.
52. National Health and Medical Research Council, Australian Research Council,
Australian Vice-Chancellors’ Committee: National Statement on Ethical
Conduct in Human Research ([http://www.nhmrc.gov.au]). 2007.
53. Australian Institute of Health and Welfare: Rural, regional and remote
health: a guide to remoteness classifications. Canberra: AIHW; 2004, AIHW
cat. no. PHE 53.
54. StataCorp: Stata Statistical Software: Release 11. College Station TX:
StataCorp LP; 2009.
55. Birch S, Haas M, Savage E, Van Gool K: Targeting services to reduce social
inequalities in utilisation: an analysis of breast cancer screening in New
South Wales. Aust New Zealand Health Policy 2007, 4:12.
56. Michie S, Johnston M, Abraham C, Lawton R, Parker D, Walker A: Making
psychological theory useful for implementing evidence based practice: a
consensus approach. Qual Saf Health Care 2005, 14:26-33.
57. Bellg AJ, Borrelli B, Resnick B, Hecht J, Minicucci DS, Ory M, Ogedegbe G,
Orwig D, Ernst D, Czajkowski S: Enhancing treatment fidelity in health
behavior change studies: best practices and recommendations from the
NIH Behavior Change Consortium. Health Psychol 2004, 23:443-451.
58. Eccles MP, Hrisos S, Francis J, Kaner EF, Dickinson HO, Beyer F, Johnston M:
Do self- reported intentions predict clinicians’ behaviour: a systematic
review. Implement Sci 2006, 1:28.
59. Bombardier C: Outcome assessments in the evaluation of treatment of
spinal disorders: summary and general recommendations. Spine 2000,
25:3100-3103.
60. Kent PM, Keating JL: Can we predict poor recovery from recent-onset
nonspecific low back pain? A systematic review. Man Ther 2008, 13:12-28.
61. King DW, Hazelwood M: Quantifying Gains in Data Quality for Sampling
Plans Used in Clinical Trial Monitoring. Drug Inf J 2003, 37:135-141.

McKenzie et al. Implementation Science 2010, 5:86
http://www.implementationscience.com/content/5/1/86

62. King DW, Lashley R: A quantifiable alternative to double data entry.
Control Clin Trials 2000, 21:94-102.
63. Campbell M, Grimshaw J, Steen N: Sample size calculations for cluster
randomised trials. Changing Professional Practice in Europe Group (EU
BIOMED II Concerted Action). J Health Serv Res Policy 2000, 5:12-16.
64. McGuirk B, King W, Govind J, Lowry J, Bogduk N: Safety, efficacy, and cost
effectiveness of evidence-based guidelines for the management of
acute low back pain in primary care. Spine 2001, 26:2615-2622.
65. Heritier SR, Gebski VJ, Keech AC: Inclusion of patients in clinical trial
analysis: the intention-to-treat principle. Med J Aust 2003, 179:438-440.
66. Hollis S, Campbell F: What is meant by intention to treat analysis? Survey
of published randomised controlled trials. BMJ 1999, 319:670-674.
67. Roland M, Torgerson DJ: Understanding controlled trials: What are
pragmatic trials? BMJ 1998, 316:285.
68. Giraudeau B, Ravaud P: Preventing bias in cluster randomised trials. PLoS
Med 2009, 6:e1000065.
69. Taljaard M, Donner A, Klar N: Imputation strategies for missing
continuous outcomes in cluster randomized trials. Biom J 2008,
50:329-345.
70. Farrin A, Russell I, Torgerson D, Underwood M: Differential recruitment in
a cluster randomized trial in primary care: the experience of the UK
back pain, exercise, active management and manipulation (UK BEAM)
feasibility study. Clin Trials 2005, 2:119-124.
71. Jordhoy MS, Fayers PM, Ahlner-Elmqvist M, Kaasa S: Lack of concealment
may lead to selection bias in cluster randomized trials of palliative care.
Palliat Med 2002, 16:43-49.
72. Horton NJ, Lipsitz SR: Review of software to fit generalised estimating
equation regression models. Am Stat 1999, 53:160-169.
73. Fitzmaurice GM, Laird NM, Ware JH: Marginal models: Generalized
Estimating Equations (GEE). In Applied longitudinal analysis. Edited by:
Balding DJ, Cressie NAC, Fisher NI, Johnstone IM, Kadane JB, Molenberghs
G, Ryan LM, Scott DW, Smith AFM, Teugels JL. Hoboken, New Jersey: John
Wiley 2004.
74. Hanley JA, Negassa A, Edwardes MD, Forrester JE: Statistical analysis of
correlated data using generalized estimating equations: an orientation.
Am J Epidemiol 2003, 157:364-375.
75. Permutt T: Testing for imbalance of covariates in controlled experiments.
Stat Med 1990, 9:1455-1462.
76. Pocock SJ, Assmann SE, Enos LE, Kasten LE: Subgroup analysis, covariate
adjustment and baseline comparisons in clinical trial reporting: current
practice and problems. Stat Med 2002, 21:2917-2930.
77. Senn SJ: Covariate imbalance and random allocation in clinical trials. Stat
Med 1989, 8:467-475.
78. Altman DG: Covariate imbalance, adjustment for. In Encyclopedia of
biostatistics. Edited by: Armitage P, Colton T. New York: J. Wiley;
1998:1000-1005.
79. Moher D, Hopewell S, Schulz KF, Montori V, Gotzsche PC, Devereaux PJ,
Elbourne D, Egger M, Altman DG: CONSORT 2010 Explanation and
Elaboration: Updated guidelines for reporting parallel group randomised
trials. J Clin Epidemiol 2010, 63:e1-37.
80. Ukoumunne OC, Forbes AB, Carlin JB, Gulliford MC: Comparison of the risk
difference, risk ratio and odds ratio scales for quantifying the
unadjusted intervention effect in cluster randomized trials. Stat Med
2008, 27:5143-5155.
81. Kissane DW, McKenzie M, Bloch S, Moskowitz C, McKenzie DP, O’Neill I:
Family focused grief therapy: a randomized, controlled trial in palliative
care and bereavement. Am J Psychiatry 2006, 163:1208-1218.
82. White IR, Thompson SG: Adjusting for partially missing baseline
measurements in randomized trials. Stat Med 2005, 24:993-1007.
83. Baron RM, Kenny DA: The moderator-mediator variable distinction in
social psychological research: conceptual, strategic, and statistical
considerations. J Pers Soc Psychol 1986, 51:1173-1182.
84. Grimshaw JM, Zwarenstein M, Tetroe JM, Godin G, Graham ID, Lemyre L,
Eccles MP, Johnston M, Francis JJ, Hux J, et al: Looking inside the black
box: a theory-based process evaluation alongside a randomised
controlled trial of printed educational materials (the Ontario printed
educational message, OPEM) to improve referral and prescribing
practices in primary care in Ontario, Canada. Implement Sci 2007, 2:38.
85. Ramsay CR, Thomas RE, Croal BL, Grimshaw JM, Eccles M: Using the theory
of planned behaviour as a process evaluation tool in randomised trials

Page 17 of 17

86.

87.

88.

89.

90.

91.
92.

93.
94.
95.

96.
97.

98.

99.

100.
101.
102.
103.

104.

105.

106.

of knowledge translation strategies: A case study from UK general
practice. Implement Sci 2010, 5:71.
Dickinson H, Hrisos S, Eccles M, Francis J, Johnston M: Statistical
considerations in a systematic review of proxy measures of clinical
behaviour. Implement Sci 2010, 5:20.
Hoeijenbos M, Bekkering T, Lamers L, Hendriks E, van Tulder M,
Koopmanschap M, Hoeijenbos M, Bekkering T, Lamers L, Hendriks E, et al:
Cost-effectiveness of an active implementation strategy for the Dutch
physiotherapy guideline for low back pain. Health Policy 2005, 75:85-98.
Bekkering GE, Hendriks HJM, Koes BW, Oostendorp RAB, Ostelo R,
Thomassen JMC, van Tulder MW: Dutch Physiotherapy Guidelines for Low
Back Pain. Physiotherapy 2003, 89:82-96.
Mortimer D, French SD, McKenzie JE, O’Connor DA, Green SE: Protocol for
economic evaluation alongside the IMPLEMENT cluster randomised
controlled trial. Implement Sci 2008, 3:12.
Drummond M, O’Brien B, Stoddart G, Torrance G: Methods for the
economic evaluation of health programmes. New York Oxford University
Press;, 2 1997.
Berrington de Gonzalez A, Darby S: Risk of cancer from diagnostic X-rays:
estimates for the UK and 14 other countries. Lancet 2004, 363:345-351.
Malmivaara A, Hakkinen U, Aro T, Heinrichs ML, Koskenniemi L, Kuosma E,
Lappi S, Paloheimo R, Servo C, Vaaranen V, et al: The treatment of acute
low back pain–bed rest, exercises, or ordinary activity? N Engl J Med
1995, 332:351-355.
Philips HC, Grant L, Berkowitz J: The prevention of chronic pain and
disability: a preliminary investigation. Behav Res Ther 1991, 29:443-450.
Pengel LH, Herbert RD, Maher CG, Refshauge KM: Acute low back pain:
systematic review of its prognosis. BMJ 2003, 327:323.
Buntin MB, Zaslavsky AM: Too much ado about two-part models and
transformation? Comparing methods of modeling Medicare
expenditures. J Health Econ 2004, 23:525-542.
Campbell MK, Elbourne DR, Altman DG: CONSORT statement: extension to
cluster randomised trials. BMJ 2004, 328:702-708.
Hopewell S, Clarke M, Moher D, Wager E, Middleton P, Altman DG,
Schulz KF: CONSORT for reporting randomized controlled trials in journal
and conference abstracts: explanation and elaboration. PLoS Med 2008, 5:
e20.
Boutron I, Moher D, Altman DG, Schulz KF, Ravaud P: Extending the
CONSORT statement to randomized trials of nonpharmacologic
treatment: explanation and elaboration. Ann Intern Med 2008,
148:295-309.
Zwarenstein M, Treweek S, Gagnier JJ, Altman DG, Tunis S, Haynes B,
Oxman AD, Moher D: Improving the reporting of pragmatic trials: an
extension of the CONSORT statement. BMJ 2008, 337:a2390.
Hayden JA, Dunn KM, van der Windt DA, Shaw WS: What is the prognosis
of back pain? Best Pract Res Clin Rheumatol 2010, 24:167-179.
Chou R, Shekelle P: Will This Patient Develop Persistent Disabling Low
Back Pain? JAMA 2010, 303:1295-1302.
Cooperstein R: Gonstead Chiropractic Technique (GCT). J Chiropr Med
2003, 2:16-24.
Choudhry NK, Fletcher RH, Soumerai SB: Systematic Review: The
Relationship between Clinical Experience and Quality of Health Care.
Ann Intern Med 2005, 142:260-273.
Buchbinder R, Staples M, Jolley D: Doctors with a special interest in back
pain have poorer knowledge about how to treat back pain. Spine (Phila
Pa 1976) 2009, 34:1218-1226, discussion 1227.
Coudeyre E, Rannou F, Tubach F, Baron G, Coriat F, Brin S, Revel M,
Poiraudeau S: General practitioners’ fear-avoidance beliefs influence their
management of patients with low back pain. Pain 2006, 124:330-337.
Poiraudeau S, Rannou F, Baron G, Henanff AL, Coudeyre E, Rozenberg S,
Huas D, Martineau C, Jolivet-Landreau I, Garcia-Mace J, et al: Fearavoidance beliefs about back pain in patients with subacute low back
pain. Pain 2006, 124:305-311.

doi:10.1186/1748-5908-5-86
Cite this article as: McKenzie et al.: Improving the care for people with
acute low-back pain by allied health professionals (the ALIGN trial): A
cluster randomised trial protocol. Implementation Science 2010 5:86.

