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Abstract
Background: Evidence generated from reliable research is not frequently implemented into
clinical practice. Evidence-based clinical practice guidelines are a potential vehicle to achieve this. A
recent systematic review of implementation strategies of guideline dissemination concluded that
there was a lack of evidence regarding effective strategies to promote the uptake of guidelines.
Recommendations from this review, and other studies, have suggested the use of interventions that
are theoretically based because these may be more effective than those that are not. An evidence-
based clinical practice guideline for the management of acute low back pain was recently developed
in Australia. This provides an opportunity to develop and test a theory-based implementation
intervention for a condition which is common, has a high burden, and for which there is an
evidence-practice gap in the primary care setting.

Aim: This study aims to test the effectiveness of a theory-based intervention for implementing a
clinical practice guideline for acute low back pain in general practice in Victoria, Australia.
Specifically, our primary objectives are to establish if the intervention is effective in reducing the
percentage of patients who are referred for a plain x-ray, and improving mean level of disability for
patients three months post-consultation.

Methods/Design: This study protocol describes the details of a cluster randomised controlled
trial. Ninety-two general practices (clusters), which include at least one consenting general
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practitioner, will be randomised to an intervention or control arm using restricted randomisation.
Patients aged 18 years or older who visit a participating practitioner for acute non-specific low back
pain of less than three months duration will be eligible for inclusion. An average of twenty-five
patients per general practice will be recruited, providing a total of 2,300 patient participants.
General practitioners in the control arm will receive access to the guideline using the existing
dissemination strategy. Practitioners in the intervention arm will be invited to participate in
facilitated face-to-face workshops that have been underpinned by behavioural theory. Investigators
(not involved in the delivery of the intervention), patients, outcome assessors and the study
statistician will be blinded to group allocation.

Trial registration: Australian New Zealand Clinical Trials Registry ACTRN012606000098538
(date registered 14/03/2006).

Background
Research in many areas of health care has consistently
demonstrated variability between the recommendations
of evidence-based clinical practice guidelines (CPGs) and
actual clinical practice [1]. Despite the research to date, we
know little of the most effective ways to change clinical
practice to implement practices we know to be effective
and to remove from practice those shown to be ineffec-
tive, or even harmful. There is little evidence on which to
base our plans for implementing current and future CPGs.

The most up-to-date evaluation of specific implementa-
tion strategies is a systematic review of guideline dissemi-
nation and implementation strategies that summarises
the findings of 235 studies, 39 percent of which are in pri-
mary care [2]. The majority of the included studies report
some improvement in care with the use of an implemen-
tation strategy. The review authors concluded that change
is possible when a well-designed intervention is used;
however, no single intervention is superior for all changes
in all settings. They found more evidence for clinician-ori-
ented interventions (education, reminders, feedback)
than for those aimed at the organisation or the patient.
They found very little information on patients' outcomes
or economic assessment of the implementation strategies.
Few studies used any theoretical basis to inform interven-
tion development and the review suggested that behav-
ioural theories should be tested to enhance our
understanding of factors that influence guideline imple-
mentation strategies.

Recently, a CPG for acute low back pain (LBP) was devel-
oped and published in Australia [3]. At any one time, 26%
of Australians have LBP, and 79% of Australians will expe-
rience it at some time in their lives [4]. LBP is the most fre-
quent musculoskeletal condition managed by general
practitioners (GPs) in Australia, and is the sixth most fre-
quent reason for consulting a GP [5]. The direct and indi-
rect cost of LBP in Australia in 2001 was estimated to total
$9.175 billion (AUD) [6].

The management of people with acute LBP in general
practice has been shown to have only reasonable concord-
ance to CPG-recommended management in Australia [7].
Despite being well informed about, and agreeing with,
acute LBP guidelines, many primary care practitioners do
not adhere to their recommendations [8-12]. Reasons
cited for non-adherence in these studies include patients'
preference for non-evidence-based care (e.g., x-rays) and
lack of generalisability to general practice.

The aim of the CPG is to inform clinicians of the appro-
priate management of acute non-specific LBP. Acute non-
specific LBP is defined by the guideline as pain present for
less than three months, located in the lumbar and/or sac-
ral regions of the spine with no 'red flags' present [3]. We
have chosen two key messages from the CPG to target for
this study that we consider are representative of the guide-
line as a whole. One relates to diagnosis of acute LBP and
states that diagnostic x-rays are rarely necessary. Plain x-
rays for acute non-specific LBP are of limited diagnostic
value, expose people to unnecessary ionising radiation,
and provide no benefits in physical function, pain, or dis-
ability [3]. This key message was chosen because there is
evidence that plain x-rays are over utilised in the manage-
ment of acute LBP in general practice. In Australia, 28%
(95% confidence interval: 18% to 39%) of patients with
acute LBP receive an x-ray [7] and up to 48% in the United
States and Europe [8-10,13,14]. There is also wide varia-
tion of x-ray utilisation among GPs [14]. The other key
message relates to providing advice to remain active. This
key message was chosen because it is the only recom-
mended therapy in the CPG with Level I evidence.

Implementing change in practice has been attempted by a
number of direct and indirect methods [2]. While our
project will utilise direct methods, including GP educa-
tion, indirect methods such as mass media campaigns
have been previously conducted and evaluated in Victoria,
Australia [15-18].
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We are aware of eight previous randomised controlled tri-
als designed to change the behaviour of GPs in their man-
agement of LBP [19-26]. These trials have used various
interventions including educational outreach, multi-fac-
eted intervention including workshops and printed edu-
cational material, dissemination and, audit and feedback.
The trials had varying success in changing certain behav-
iours of the included practitioners and provide some
information about effective methods of reducing x-ray
referral. However, these studies do not provide compre-
hensive information about successful change of other
behaviours, and none utilised a behavioural theory-based
intervention strategy, measured patient outcomes, or con-
ducted a cost-effectiveness analysis.

The recently released Australian National Health and
Medical Research Council (NHMRC)-endorsed evidence-
based CPG for acute LBP management provides an oppor-
tunity to assess the effects of a targeted behavioural the-
ory-based implementation strategy for use in general
medical practice. This trial will assess the effectiveness of
the implementation strategy both at the GP and patient
levels, and also assess the cost-effectiveness of the strategy.
Successful implementation of these guidelines may
reduce the morbidity and societal costs of acute LBP. The
trial will contribute to our knowledge about the processes
underlying the effects of implementation strategies
attempting to change clinical practice behaviour.

This publication is an abridged version of the full proto-
col. The full protocol provides more extensive justification
for decisions made regarding the design and analysis of
the trial. The full protocol is available from the authors on
request. Details of changes made to the full protocol will
be documented as amendments, also available on
request. Additionally, a completed checklist of items from
the CONSORT statement for cluster randomised trials
[27] for the sections: title and abstract, introduction, and
methods, is available as Additional File 1.

Trial objectives
The objectives of this study are to test the effectiveness of
a theory-based strategy for implementing a CPG for acute
LBP in general practice. We plan to measure outcomes at
both the GP and patient levels to test if the intervention is
effective in changing GP behaviour, and if this results in
benefits for the patient. Specifically, our primary objec-
tives are to establish if the intervention is effective in:

1. Reducing the percentage of patients who are referred for
a plain x-ray for acute LBP within the three month period
post initial consultation [practitioner level change].

2. Improving mean level of disability for patients three
months post consultation [patient level change].

Secondary objectives include testing whether the interven-
tion results in changes in secondary GP level outcomes,
and secondary patient participant level outcomes. Sec-
ondary GP level outcomes include measurement of GP
behaviours (providing advice on activity/bed rest and
referral for any imaging), behavioural constructs (the GPs'
attitudes, beliefs, knowledge, and intentions towards
behaving in a manner consistent with the guideline's key
messages) and the GPs' fear-avoidance beliefs surround-
ing LBP. Secondary patient level outcomes include usual
pain, fear-avoidance beliefs, and whether the patient
received an x-ray. We will also determine the cost-effec-
tiveness of the developed implementation strategy that
includes measuring quality of life and health service utili-
sation. This publication details the design and analysis of
the trial. A companion paper in Implementation Science
details the methods for the economic evaluation [28].

Methods
Trial design
This study is a cluster randomised controlled trial (CRCT),
with the clusters being practices including one or more
GPs. Practices will be randomly allocated to receive the
intervention or control. Randomisation at the practice
level has been chosen because this will minimise contam-
ination that may occur if individual patients were ran-
domised, and the GPs were required to manage patients in
the control and experimental groups concurrently [29].
Additionally, since all GPs within the same practice will
receive the same intervention, this will minimise potential
contamination that may occur if GPs within the same
practice were randomly allocated to different intervention
groups.

Eligibility and recruitment
Recruitment of general practices
A sampling frame of 1,000 general practices within the
state of Victoria, Australia, will be obtained from the pub-
lishing company Australasian Medical Publishing Com-
pany (AMPCo). From this, a random sample of 400
general practices will be selected and approached for par-
ticipation in the CRCT. GPs at these practices will receive
a postcard with a short description of the study, followed
by an invitation letter. In addition, GPs will also be con-
tacted by telephone by one of the research staff. A sample
of 400 practices has been chosen, since we expect that the
response rate may be less than 50% [30]. Practices that
meet the eligibility criteria will be randomised. If we are
unable to recruit the required sample of 92 practices from
the 400 approached, a further group of 400 practices will
be randomly sampled from the sampling frame. We will
then assess the need to obtain more data from AMPCo
based on the response rate to this initial process. To
increase the awareness of the study, notices will be placed
in the newsletters of the Divisions of General Practice
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(Victoria) and other printed/electronic newsletters. If
more than 92 practices agree to participate, we will
include the first 92 that respond. When one GP in a prac-
tice agrees to participate and the practice is included, we
will then send follow-up letters to the other GPs in the
same practice informing them that the practice is
included, encouraging them to participate, and allowing
them to object to the practice participating if they wish.

Strategies to promote participation of general practices
into the trial include offering professional development
points, providing access to experts, and providing GPs
with skills in the management of acute LBP.

Recruitment of patient participants
After the intervention has been delivered, included prac-
tices will be provided with posters and pamphlets that
explain the study and provide contact details of the
research team. It will be up to the individual patient to ini-
tiate their enrolment in the trial. Posters will be placed in
the participating practices that will explain the study in
plain language and suggest to potential patient partici-
pants to contact the research team for more information.
The patient will then indicate to the receptionist their
interest in the study and the receptionist will give them a
copy of the explanatory statement and the consent form.
These will outline the details of the study and will explain
how to contact the research team. Additionally, general
practice reception staff will be briefed about the trial to
facilitate patient recruitment.

This recruitment strategy has been chosen to reduce the
potential risk of selection bias that may occur if GPs, prac-
tice nurses, or receptionists were to approach patients.
However, it is unclear whether this passive approach will
be successful. The recruitment rate will be reviewed one
month into patient recruitment by the investigators. If the
recruitment rate is not adequate at that time, a more
proactive approach will be instigated. This may include
measures such as frequent visits to general practices from
the IMPLEMENT staff and handing out of pamphlets to all
patients attending the practice by the practice receptionist.

Applying the eligibility criteria
Screening of potential general practices will be conducted
by one member of the research team over the telephone
via discussion with the practice manager.

Screening of potential patient participants will be a two-
step process to prevent possible selection bias. A research
assistant who is blinded to the general practice group allo-
cation will initially speak with potential patient partici-
pants. Demographic information, including their GP's
name, will be collected. The patient participant will then
be transferred to a clinician (SF or SG) who will determine

their eligibility for inclusion in the trial. Before speaking
with the clinician, the research assistant will explain to the
patient participant why they should not inform the clini-
cian of their GP's name.

Inclusion criteria
General practices will be included if the following criteria
are met:

1) The practice principal agrees to the practice being
involved in the CRCT.

2) At least one GP within the practice provides written
informed consent.

3) Practice support staff are willing to facilitate patient
recruitment.

GPs will be included if they provide written informed con-
sent.

Patients attending enrolled practices will be included if
the following criteria are met:

1) They attend a consenting GP for acute non-specific LBP
(duration of less than three months).

2) Provide written informed consent.

3) Are 18 years of age or older.

4) Are able to read and understand spoken English to a
level where they can read the study information sheet,
complete the consent form, and respond to the telephone
delivered questionnaire. This will be assessed by the out-
come assessor at the time of screening.

Exclusion criteria
General practices will be excluded if a GP objects to their
practice being included in the trial.

Individual GPs will be excluded if they work at more than
one of the general practices included in the trial.

Patients attending enrolled practices will not be eligible
for inclusion if any of the following criteria are met. This
will be determined by one of the clinical investigators (SG
or SF) over the telephone. Note that these criteria reflect
the clinical scope of the acute LBP CPG [3].

1) Radicular leg pain is present. We define this as leg pain
that is described as shooting, lancinating, or electric in
quality, extends below the knee, has a dermatomal distri-
bution and may be associated with paraesthesia.
Page 4 of 12
(page number not for citation purposes)



Implementation Science 2008, 3:11 http://www.implementationscience.com/content/3/1/11
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) Pregnancy.

Randomisation and allocation concealment
General practices meeting the inclusion criteria will be
randomly allocated to receive either the intervention or
control. Restricted randomisation will be used to reduce
the probability of baseline imbalance. Within stratum,
one-half of the practices will be randomised to the inter-
vention group, and the other half to the control using
computer-generated random numbers. Four strata will be
defined by the number of GPs per practice (two levels)
and whether the practice is in a rural or metropolitan area.
A statistician independent of the study will implement the
randomisation. They will be provided with only general
practice codes and stratification variables. Allocation will
be concealed from the investigators until baseline data
has been collected from GPs.

Blinding
Investigators (not involved in the delivery of the interven-
tion), patients, outcome assessors, and study statistician
(JM) will be blinded to group allocation until the statisti-
cal analysis has been completed. Due to the nature of the
intervention, it is not possible to blind the GPs to group
allocation. However, the GPs will only be told that they
are to receive one of two interventions, one being infor-
mation only and the other attending facilitated small
group educational workshops. The success of blinding
will not be evaluated.

Interventions
Control group
The control group will receive access to the guideline as
per the CPG's existing dissemination strategy. A printed
copy of the guideline and a written reminder of how to
access the electronic version of the CPG will be sent to
control group practices.

Intervention group
The GPs randomised to the intervention arm will receive
an intervention specifically designed to address the per-
ceived barriers and enablers for implementation of the
CPG. In phase one of this project, focus group interviews
were conducted with GPs in Victoria, Australia, under-
pinned by a theoretical framework grounded in behav-
ioural theory [31]. Thematic analysis was used to map the
identified barriers and enablers to the theoretical domains
that are used for understanding and facilitating behaviour
change. Multiple barriers to implementing the key mes-
sages of the guideline were identified in discussion with

GPs. The principal barriers included beliefs about negative
consequences of practising in a manner consistent with
the guideline recommendations; beliefs about patient
preferences or expectations inconsistent with the guide-
line recommendations; beliefs about limitations in their
capabilities and skills to practice in a manner consistent
with the guideline; limitations in their knowledge and the
knowledge of their patients to practice in a manner con-
sistent with the guideline; and barriers in the social and
environmental context in which they operate that made
behaviour consistent with the guideline more difficult.
Results from analyses of the focus group interviews will be
published in a separate publication.

The intervention will consist of a combination of behav-
iour change techniques. These techniques will be utilised
throughout the workshops including providing instruc-
tion; modelling/demonstrating the behaviour by a peer
expert; providing information on consequences; prompt
barrier identification; time management; prompt specific
goal setting; rehearsal; persuasive communication; and
scripting [32]. These specific techniques have been chosen
because they are considered the best approach to address
the barriers and enablers to the CPG's implementation
[33]. The intervention will concentrate on delivering the
CPG's key messages, namely that diagnostic x-rays are
rarely necessary in the management of acute LBP and that
advising patients to remain active reduces pain and disa-
bility. The intervention will consist of facilitated face-to-
face small group workshops. There will be a pre-course
reflective activity where the GPs will document their man-
agement of a series of patients that present to them with
acute LBP over the two weeks preceding the workshop.
There will be two workshops of three hours each, or one
workshop of six hours depending on the preference of the
GP. These workshops will be directed by a trained GP
facilitator and will involve a combination of didactic lec-
tures and small group discussions. A detailed description
of the targeted implementation strategy, including the
development process, will be reported in a separate publi-
cation. We also plan to evaluate the fidelity of delivery of
the intervention to assess the extent to which the interven-
tion, as delivered, was faithful to the intervention as
planned [34]. A mixed-methods approach will be
employed based on a recent project that evaluated fidelity
of delivery of a physical activity intervention [35]. We
plan to report this evaluation in a separate publication.

For GPs in the intervention group who cannot attend the
workshops, a DVD will be provided to them. The DVD
will include film footage of the workshops and electronic
resources related to LBP management.
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Timing of recruitment, intervention delivery and follow-up
The intervention workshops and delivery of DVDs span a
three month period (26 June 2007 – 26 September 2007),
during which materials are sent to the GPs in the control
group (23 August 2007). Patient participant recruitment
begins at least six weeks post intervention or control
group delivery (28 October 2007) and continues for five
months.

Study outcomes
Primary outcome measures
The primary GP level outcome is whether the GP referred
the patient for a plain x-ray within a three month period
post-patient enrolment. The primary patient level out-
come is LBP-specific disability three months from enrol-
ment (Table 1).

Referral for x-ray has been chosen as the primary practi-
tioner level outcome for two major reasons. First, the
intervention will focus on the delivery of two key mes-
sages from the CPG, with one of the messages being that
diagnostic x-rays are rarely necessary in the management

of acute LBP. Referral for x-ray measures the effectiveness
of the intervention at the practitioner level. Second, this
outcome can be reliably determined, since evidence of
referral for x-ray is expected to be recorded in the patient's
medical record.

The second clinical practice that will form the focus of the
intervention is providing advice to patients to stay active.
Evidence that underpins this recommendation suggests
that staying active results in a beneficial effect on pain,
rate of recovery, and function. Disability has been chosen
as the primary patient level outcome because this has the
potential to have a substantial impact on the patient's
quality of life, and we believe this is of importance in
informing health care decisions. In addition, evidence
suggests that short-term disability (measured at three
months) is a risk factor for long-term disability [36], thus
improving short-term disability may provide long-term
benefits. This would include obvious benefits to the
patients, and potential benefits for health service utilisa-
tion and to employers.

Table 1: Outcome measures

Outcome Data collection method Follow-up schedule Source Level at which data are 
collected

GP level
X-ray referral (process)1,2 Data abstraction 3 months Patient medical record Patient
Advice to stay active 
(process)

Telephone interview 7 days after consultation Patient Patient

Advised bed rest (process) Telephone interview 7 days after consultation Patient Patient
Any imaging referral 
(process)3

Data abstraction 3 months Patient medical record Patient

FAB-Q4 Questionnaire Baseline, 12 months GP GP
Measurement of behavioural 
constructs5

Questionnaire Baseline, 12 months GP GP

Patient level
Roland-Morris Disability 
Questionnaire (RDQ)1,6

Telephone interview 7 days and 3 months after 
consultation

Patient Patient

Usual pain7 Telephone interview 7 days and 3 months after 
consultation

Patient Patient

X-ray occurred Telephone interview 3 months Patient Patient
FAB-Q4 Telephone interview 3 months Patient Patient
Assessment of Quality of Life 
(AQoL)

Telephone interview 7 days and 3 months after 
consultation

Patient Patient

Health Service Utilisation 
Items

Telephone interview 7 days and 3 months after 
consultation

Patient Patient

1 Primary outcome.
2 Includes either evidence of referral for x-ray or evidence that an x-ray has been taken (e.g., copy of x-ray film with GP name).
3 Includes either evidence of referral for any imaging or evidence that imaging has occurred.
4 FAB-Q physical activity subscale [61]. The original scale will be used in patient participants. A modified version will be used for GP participants 
with details of the modifications available in the full protocol. Details of the reliability, validity and responsiveness are available in Waddell et al. [61] 
and George et al. [62].
5 Table 2 provides details on the behavioural constructs.
6 The RDQ measures 24 activity limitations due to back pain. Reliability and validity for use over the phone reported in Roland et al. [63].
7 Measured using an eleven point numerical rating scale (0 – 10) with the question "On a scale of zero to 10, zero being no pain and 10 being pain as 
bad as it can be, where would you rate your usual pain today?". Reliability and validity for its use over the phone is reported in Von Korff et al. [64].
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Disability will be measured with the Roland-Morris Disa-
bility Questionnaire (RDQ) [37] which is one of the
standard questionnaires used in LBP research. This was
chosen above the Oswestry Disability Questionnaire,
another standard LBP-specific disability questionnaire, for
two reasons. First, it is the preferred questionnaire to use
when the mode of interviewing is carried out by tele-
phone, because of ease of use. Second, it is recommended
for use in populations where individuals have compara-
tively lower disability levels, as is expected for patient par-
ticipants included in this trial [38].

It is common in trials assessing the effectiveness of inter-
ventions aimed at increasing the uptake of evidence in
clinical practice to only include outcome measures of
change in practitioner behaviour [39]. It was considered
important to measure patient level outcomes in this trial
because it was unclear whether the implementation strat-
egy would result in a change in the patient's health status.
Trials which underpin the key message from the guideline
on providing advice to stay active differ in regard to the
interventions employed, delivery of the intervention and
control arms, and have only shown small beneficial
effects for the outcomes pain, rate of recovery and func-
tion [3].

Secondary outcome measures
Secondary GP level outcomes include whether or not the
GP provided advice on activity or bed rest or referred for
any type of imaging, scores on measures of behavioural
constructs (Table 2), and GPs' fear-avoidance beliefs
(Table 1). Secondary patient participant level outcomes
include usual pain, fear-avoidance beliefs, and whether
the patient received a plain x-ray. Additionally, health-
related quality of life and health service utilisation will be
measured and this data used in the economic evaluation
[28]. Rationale for the selection of secondary outcomes is
provided in the full protocol, available on request.

Data quality assurance
Details of data quality assurance for the trial are available
in the full protocol. In brief, methods used to enhance the
quality of the data will include: daily checking for accu-
racy and completion of data forms; range checks; and
cross-form consistency. Double data entry will be used for
the GP questionnaires (Table 1). All telephone interviews
at the patient participant level will be recorded and a frac-
tion of these will be checked using a continuous sampling
plan [40,41]. In addition, a continuous sampling plan
will be used to check a sample of data abstracted from
patient medical records.

Table 2: Behavioural constructs

Domains Explanation Domain measured for behaviour

X-ray1 Activity2

Behavioural intention3 Whether the GP intends to engage in the behaviour.
Generalised ✓ ✓

Performance ✓ ✓

Attitude4 Whether the GP is in favour of performing the behaviour.
Direct ✓ ✓

Indirect ✓ ✓

Subjective norm4 How much the GP feels social pressure to engage in the behaviour.
Direct ✓ ✓

Indirect ✓ ✓

Perceived behavioural control4 Whether the GP feels in control of the behaviour.
Direct ✓ ✓

Indirect ✓ ✓

Beliefs about capabilities Whether the GP is confident in performing the behaviour. ✓ ✓

Beliefs about professional role Whether the GP feels it is their professional responsibility to perform the 
behaviour.

✓ ✗

Knowledge Whether the GP has knowledge of the behaviour. ✓ ✓

Memory Whether the GP remembers to perform the behaviour. ✗ ✓

Environmental context Whether the GP feels the environmental context supports performance 
of the behaviour.

✗ ✓

1 Managing patients without referral for plain x-ray.
2 Providing advice to stay active.
3 Domain measured using generalised method (e.g., by asking GPs about their strength of intention to perform the behaviour) and performance 
method (e.g., asking GPs about how often they intend to perform the behaviour).
4 Domain measured directly (e.g., by asking GPs about their overall attitude) and indirectly (e.g., by asking about specific behavioural beliefs).
Details of the number of items measuring each domain, for each behaviour, and measures of reliability and validity of the constructs are available in 
the full protocol.
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Sample size
The primary process and patient outcomes are x-ray refer-
ral and LBP-specific disability as measured by the RDQ
[37]. In the calculation of sample size for these outcomes,
adjustment needs to be made for the clustered nature of
the design. The inflation factor used to achieve this is
determined from the average cluster size and the intra-
cluster correlation (ICC) [42]. Empirical research has sug-
gested ICCs of the order 0.10 for process measures and
0.05 for patient outcomes in primary care [43]. These have
been used in the following calculations. It is estimated
that 28% of current GP consultations for acute LBP in Aus-
tralia result in a lumbar spine x-ray [7]. Interventions
comparing standard CPG dissemination with no interven-
tion control groups have shown improvements in care of
approximately 8% [2]. We therefore anticipate a decrease
in the percentage of x-ray prescription in the control group
of this magnitude. We consider a reduction of 10% to be
clinically important. Therefore, if the percentage of x-ray
prescription at the end of the study in the control group is
20%, a sample size of 37 general practices per arm, with
an average of 25 patients per practice, will be sufficient to
detect an absolute decrease in the percentage of x-ray pre-
scription of 10% (to 10%) or more with 90% power. This
assumes a significance level of 5% and an ICC = 0.10.

This sample size will be sufficient to detect a clinically
important difference of at least two points between
groups in the RDQ with at least 99% power, assuming a
standard deviation of six [44,45], significance level of 5%,
and an ICC = 0.05.

Allowing for 20% attrition in practices (equivalent to 450
patient participants), we plan to initially recruit 46 prac-
tices per arm, with an average of 25 patients per practice,
providing a total of 2,300 patients. These sample size cal-
culations are likely to be conservative because, due to a
lack of prior information, stratification has not been
incorporated into the calculations.

Analyses
Analysis subsets
The primary analysis of the data in this CRCT will be ana-
lysed using the principle of intention-to-treat (ITT). This is
appropriate for a CRCT such as ours, since an analysis
which allows for non-compliance by GPs and patients is
more likely to provide an estimate of intervention effect
that is more reflective of actual clinical practice [46,47].

Requirements for an ideal ITT analysis are: full compli-
ance with the randomised intervention; no missing
responses; and follow-up on all participants [46]. In a
CRCT the potential for non-adherence to the intervention
and loss to follow-up are more complex than an individ-
ual RCT, because it can occur at multiple levels. For exam-

ple, in our CRCT, GPs within general practices may not
comply with the intervention, GPs may withdraw, and
even general practices may discontinue participation. At
the patient level, there may also be non-adherence to
advice provided by the GP, patient withdrawal or loss to
follow-up.

Non-adherence to the intervention is likely to reduce its
potential effectiveness, and provide a conservative esti-
mate of intervention effect compared to what would be
expected if there was full compliance [46]. Loss to follow-
up is likely to lead to biased estimates of intervention
effect, particularly when there is differential drop out
between intervention arms that is related to the interven-
tion itself. We plan to implement procedures to minimise
loss to follow-up and withdrawal at the patient, GP, and
general practice level. Additionally, through modelling,
we will investigate the effect of missing data (details avail-
able in the full protocol). Where possible, we will collect
information on reasons for patient, GP, and general prac-
tice withdrawal.

For the primary outcomes (Table 1), a secondary per-pro-
tocol analysis will be carried out to estimate the effect of
the intervention for the subgroup of GPs who complied
with the intervention. Compliance to the intervention is
defined as attendance of at least one workshop.

Primary analysis
Comparisons of outcomes between the intervention and
control groups will be made by appropriately adjusting
for the correlation that occurs within general practices.
Several common approaches for analysing data from
CRCTs include: adjustment of standard statistical tests;
analysis at the cluster level; and advanced statistical mod-
elling techniques that can use both data recorded at the
individual and cluster level. Modelling techniques are
attractive since potential confounding variables at the
patient, GP, and general practice level can be adjusted for.
This is especially useful in CRCTs since the chance of base-
line imbalance in prognostic factors is likely to be higher
than in trials where individuals are randomised, because
the number of clusters is generally fewer than the number
of individuals.

Two common types of modelling are marginal and clus-
ter-specific. In a cluster-specific approach the dependence
between observations within a cluster is explicitly mod-
elled, while in a marginal model this dependence is
treated as a nuisance parameter. No consensus exists on
which method is preferred, and both methods have
advantages and disadvantages [48]. However, we plan to
use marginal modelling using generalised estimating
equations (GEEs). This modelling method has been cho-
sen above a cluster-specific approach primarily for the fol-
Page 8 of 12
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lowing reasons. First, the cluster-specific random effects
models that have been developed for non-normally dis-
tributed data present considerable computational difficul-
ties which can result in biased estimates [29]. Second, the
interpretation of the estimated regression coefficients
from a GEE have a population interpretation, the same as
that of regression coefficients from general linear models
[49,50]. They measure the expected change in a response
for those in the intervention group, as compared to those
in the control group [51]. For cluster-specific models, the
interpretation is conditional on the cluster. Neuhaus [52]
suggested that interpretation of the intervention effect
estimated from cluster-specific models in a CRCT is diffi-
cult because all participants within a cluster receive the
same intervention. Because of this, Neuhuas remarked
that marginal models are conceptually preferable for esti-
mating cluster-level effects such as intervention status.

A disadvantage of using GEEs is that only one level of clus-
tering can be modelled. This CRCT includes three levels of
data: general practices; GP participants; and patient partic-
ipants. It is possible to allow for clustering at the general
practice level or the GP level. We have chosen to cluster at
the general practice level because this is the unit of ran-
domisation, and adjusting for clustering at this level will
appropriately account for correlation that may occur
between GPs within the same practice.

For both continuous and binary outcomes, we plan to fit
GEEs with an exchangeable correlation structure, where
responses from the same cluster are assumed to be equally
correlated [53]. Additionally, we intend to use robust var-
iance estimation that will provide valid standard errors
even if the within-cluster correlation structure has been
incorrectly specified [29,54]. For binary outcomes, a logit
link function will be used.

Our primary analysis of outcomes will include adjustment
for stratification variables (number of GPs per practice
and rurality) and pre-specified potential confounders
(available in the full version of the protocol). All pre-spec-
ified confounders will be included in the models even
when no baseline imbalance exists. This approach has
been chosen 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 [55-57]. In addition, for continuous outcomes that
are collected at both baseline and follow-up (measure-
ment of behavioural constructs and FAB-Q at the GP
level), we will include the baseline measure as a covariate
in the model. This method will appropriately adjust for
any baseline imbalance that we may observe, and pro-
vides the most powerful analysis [57,58].

The potential confounders have been selected through
discussion with LBP and implementation researchers, and
from published research. For statistical parsimony, the
number of included confounders for each outcome has
been limited to those which we surmise are the most
important. However, we will investigate the impact of
additional confounders through modelling as part of the
exploratory analyses (details available in the full version
of the protocol). Additionally, estimates of intervention
effect estimated from models including only the stratifica-
tion variables will be presented.

Estimates of intervention effect from these models will
yield odds ratios. For interpretability, we plan to also pro-
vide estimates of risk ratios using a simple formula that
will utilise the odds ratios estimated from these models
[59]. For each outcome, the estimate of intervention effect
and its 95% confidence interval will be provided. For the
primary outcomes we plan to provide estimates of the
coefficient of ICC and their 95% confidence intervals.

No adjustment will be made for multiple testing. All tests
will be two-sided and carried out at the 5% level of signif-
icance.

Any future change to the statistical methods outlined in
this analysis strategy will be documented with full justifi-
cation as an amendment to the full protocol.

Publication policy
The chief investigator will be responsible for ensuring
timely production of a scientific manuscript at the com-
pletion of the trial. The results from the trial will be sub-
mitted for publication irrespective of outcome. All
authors and the trial management committee, consisting
of the authors listed on this publication, will review and
approve the final manuscript prior to submission. The
final trial results will be submitted for publication in a
major international medical journal for wide dissemina-
tion. Reporting of this trial will adhere to the CONSORT
statement and its extension to CRCTs [27,60]. Additional
publications documenting development of the interven-
tion, intervention fidelity and investigating mediating
effects between primary and secondary outcomes are
planned.

Ethical review
Ethical approval for this trial was obtained from the
Monash University Standing Committee on Ethics in
Research involving Humans (2006/047). The investiga-
tors will ensure that the trial will be conducted in compli-
ance with this protocol, the Guideline for Good Clinical
Practice (CPMH/ICH/135/95) and the Australian
National Statement on Ethical Conduct of Research
Involving Humans.
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