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Protocol

AbstrACt
Introduction Patients with low back pain often seek care 
in emergency departments, but the problem is that many 
patients receive unnecessary or ineffective interventions 
and at the same time miss out on the basics of care, 
such as advice on self-management. This pattern of care 
has important consequences for the healthcare system 
(expensive and inefficient) and for patients (poor health 
outcomes). We hypothesised that the implementation 
of an evidence-based model of care for low back pain 
will improve emergency care by reducing inappropriate 
overuse of tests and treatments and improving patient 
outcomes.
Methods and analysis A stepped-wedge cluster 
randomised controlled trial will be conducted to 
implement and evaluate the use of the Agency for Clinical 
Innovation (ACI) model of care for acute low back pain 
at four emergency departments in New South Wales, 
Australia. Clinician participants will be emergency 
physicians, nurses and physiotherapists. Codes from 
the Systematised Nomenclature of Medicine—Clinical 
Terms—Australian version will be used to identify low 
back pain presentations. The intervention, targeting 
emergency clinicians, will comprise educational materials 
and seminars and an audit and feedback approach. 
Health service delivery outcomes are routinely collected 
measures of imaging (primary outcome), opioid use 
and inpatient admission. A random subsample of 200 
patient participants from each trial period will be included 
to measure patient outcomes (pain intensity, physical 
function, quality of life and experience with emergency 
service). The effectiveness of the intervention will be 
assessed by comparing the postintervention period with 
the retrospective baseline control period.
Ethics and dissemination The study received ethical 
approval from the Sydney Local Health District (Royal 
Prince Alfred Hospital zone) Ethics Committee (X17-0043). 
The results of this study will be published in peer-reviewed 
journals and presented at international conferences.
trial registration number Australia New Zealand Clinical 
Trials Registry: ACTRN 12617001160325.

IntroduCtIon
background and rationale
Low back pain is a common presenting 
complaint in emergency settings. In 2015–
2016 alone, there were 104 072 low back 
pain presentations to emergency depart-
ments in Australia, placing this condition 
among the top 10 reasons for emergency 
visits.1 This condition is also a common 
reason for emergency department presenta-
tions across the globe, accounting for 4.4% 
of all presentations.2 Unfortunately, many 
patients receive low-value care for their low 
back pain in the emergency department. 
Low-value care is broadly defined as the use 
of an intervention that provides patients 
with little to no benefits or causes harm.3 
Examples of low-value care of low back 
pain in emergency departments include 
inappropriate overuse of imaging, liberal 

strengths and limitations of the study

 ► This is a novel implementation trial looking at reduc-
ing inappropriate overuse of tests and treatments for 
low back pain in emergency departments.

 ► The stepped-wedge design is particularly suited to 
interventions aiming to improve healthcare systems 
as all sites receive the intervention.

 ► In this study design, intervention effects are estimat-
ed from within-emergency department differences 
while controlling for time trends.

 ► The use of routinely collected measures reduces the 
burden of data collection of health service delivery 
outcomes in the emergency departments.

 ► Incorporation of only four clusters (emergency de-
partments) in the trial may limit the generalisability 
of results to other health districts.
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use of opioid analgesics and unnecessary admission to 
hospital.

Multiple clinical guidelines exist for the manage-
ment of low back pain in primary care.4 5 Although 
it is unclear whether these guidelines should be 
applied in the emergency department, much of 
their recommendations may be relevant to emer-
gency physicians and are often used to guide their 
practice.6 However, the mixture of providing inap-
propriate care and failing to provide appropriate 
care in the emergency department is a clear indica-
tion that healthcare is not following clinical guide-
lines. For instance, about 30% of patients with 
non-specific low back pain receive imaging in the 
emergency department7 when guidelines explicitly 
recommend no imaging for these cases. Imaging 
in the absence of suspected serious pathology does 
not improve patient outcomes8 and can potentially 
cause harms.9–11 Against guideline advice, around 
62% of low back pain patients receive opioids in the 
emergency department,12 although efficacy in pain 
relief has not been established for acute low back 
pain13 and side effects are often serious,14 including 
dependence, overdose and death. Another issue is 
the increasing rate of hospital admissions. More than 
one-third of low back pain presentations to the emer-
gency department lead to the patient being admitted 
to hospital,7 where care is likely to be similar to what 
could be provided in primary care.

The significant deviations from evidence-based 
recommendations occurring in Australian emergency 
departments15 make them an appropriate setting to 
trial an intervention based on improving care for low 
back pain. The Agency for Clinical Innovation (ACI) 
has recently launched a model of care for acute low 
back pain that could be applied in both primary care 
and emergency department settings.16 The ACI model 
of care was developed in collaboration with poli-
cy-makers, clinicians, consumers and researchers and 
distils the high-quality evidence in this area to formu-
late key messages for practice (table 1). Briefly, the 
model provides different care pathways according to 
a classification based on a diagnostic triage17 (acute 
or chronic non-specific low back pain, low back pain 
with leg pain and suspected serious spinal condi-
tions). Risk stratification18 is recommended to guide 
the amount and type of treatment provided; including 
personalised evidence-based health education and 
treatment. Lastly, follow-up reviews are scheduled 
to monitor individuals’ progress. Passive dissemina-
tion of guidelines, such as the ACI model of care, is 
unlikely to change practice. We are proposing a multi-
faceted strategy to implement and evaluate the ACI 
model of care to see if this improves health service 
delivery and patient outcomes for low back pain at the 
emergency department.

objECtIvEs
The overall aim of the Sydney Health Partners Emer-
gency Department (SHaPED) trial is to implement and 
evaluate the ACI model of care for acute low back pain. 
The outcomes of the trial reflect the key messages in 
the model: (1) patients with non-specific low back pain 
do not require imaging; (2) where medicines are used, 
simple analgesics should be the first option; (3) patients 
with non-specific low back pain should be managed as 
outpatients.

Primary objective
The primary objective of this study is to evaluate if imple-
mentation of the ACI model of care significantly reduces 
the proportion of patients presenting with low back pain 
who receive imaging in the emergency department.

secondary objectives
The secondary aims of the study are:

 ► To determine if implementation of the ACI model of 
care significantly reduces the proportion of patients 
presenting with low back pain who receive opioids 
in the emergency department and the proportion of 
patients subsequently admitted to hospital.

 ► To determine if implementation of the ACI model 
of care significantly improves patient outcomes in 
people who present with low back pain in the emer-
gency department.

 ► To determine the cost-effectiveness of the ACI model 
of care compared with current emergency depart-
ment practice for people who present with low back 
pain.

 ► To determine the barriers and facilitators to the 
implementation intervention of the ACI model of 
care for people who present with low back pain in the 
emergency department.

Table 1 The key principles of the ACI model of care for 
acute low back pain

Principle 1 Assessment: history and examination

Principle 2 Risk stratification

Principle 3 Patient education

Principle 4 Active physical therapy encouraged

Principle 5 Begin with simple analgesic medicines

Principle 6 Judicious use of complex medicines

Principle 7 Cognitive behavioural approach

Principle 8 Only image those with suspected serious 
spinal pathology

Principle 9 Predetermined times for review

Principle 10 Timely referral and access to specialist 
services

Source: NSW Agency for Clinical Innovation. Management of 
people with acute low back pain: model of care. Chatswood: NSW 
Health, 2016. Available at: https://www.aci.health.nsw.gov.au/
resources/musculoskeletal/management-of-people-with-acute-
low-back-pain/albp-model.
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MEthods And AnAlysIs
study design
The Standard Protocol Items: Recommendations for 
Interventional Trials guidelines were followed in this 
report of the protocol.19 SHaPED will use a stepped-
wedge cluster randomised controlled trial design.20 In 
this study design, clusters are randomised to cross from 
the control period (ie, unexposed to intervention) to 
the intervention period at regular intervals (‘steps’) until 
all clusters have crossed to the intervention under evalu-
ation. This design is particularly suited to interventions 
aiming to improve healthcare systems as all groups even-
tually receive the intervention. Moreover, the process 
allows for comparison with control sites that have not yet 
implemented the intervention.

In the SHaPED trial, after a retrospective baseline 
observation control period of 12 months prior to rando-
misation, the intervention will be sequentially rolled out, 
with a new emergency department receiving the inter-
vention every 4 weeks, until all participating emergency 
departments have received the intervention. After the 
implementation of the ACI model of care, the emergency 
departments will continue using the pathways of care 
outlined in the model until the end of the trial (table 2).

study setting
The emergency departments of one rural and three 
urban hospitals in New South Wales, Australia will partic-
ipate in the study: Royal Prince Alfred Hospital, Concord 
Repatriation General Hospital, Canterbury Hospital and 
Dubbo Base Hospital. Investigators in the SHaPED trial 
are listed in online supplementary appendix 1.

Clinician participants
Clinician participants included in the SHaPED trial will 
be emergency clinical staff, such as physicians, nurses 
and physiotherapists, who routinely manage patients 
presenting to emergency departments with a primary 
complaint of low back pain. Potential clinician partici-
pants will be invited by the principal investigator of each 
emergency department and will receive a participant 
information statement. Research staff will verbally explain 
the information provided in this document to fully inform 
potential clinician participants of the risks and benefits of 

their participation. In addition, the research staff will be 
available to answer any questions to ensure that poten-
tial clinician participants fully understand the implica-
tions of their decision. A written participant consent form 
will be obtained from all participating clinicians prior to 
randomisation.

Patient participants
We will use codes from the Systematised Nomenclature 
of Medicine—Clinical Terms—Australian version, Emer-
gency Department Reference Set21 to identify low back 
pain presentations (online supplementary appendix 2) 
to the emergency departments. Presentations with codes 
related to low back pain with non-specific cause or those 
associated with neurological signs and symptoms (such 
as sciatica and lumbar spinal stenosis) will be included. 
Representations to the emergency department within 48 
hours or low back pain presentations related to serious 
spinal pathologies (such as lumbar fracture or cauda 
equina syndrome) will be excluded. A random subsample 
of 200 patient participants from each trial period will be 
referred to a brief self-reported online questionnaire to 
evaluate the effectiveness of the implementation of the 
ACI model of care on patient outcomes.

randomisation
Before the beginning of the intervention, the four hospi-
tals will be randomly allocated the ‘step’ when the inter-
vention will commence at their emergency department. 
Randomisation will be conducted using computer-gener-
ated random numbers by research staff. Only the research 
team will be aware of cluster allocation.

Intervention
A framework has been proposed to facilitate the imple-
mentation of research evidence into clinical practice, 
known as the knowledge-to-action process.22 This frame-
work links the various types of research enquiry with the 
key steps in the research translation cycle. The process 
consists of the knowledge creation cycle and the action 
cycle and involves end users of research (eg, poli-
cy-makers, clinicians and patients) to facilitate engage-
ment with the implementation strategy. We will use this 
framework to develop a tailored intervention strategy to 

Table 2 SHaPED trial design

Steps 
(clusters)

Year 1 Year 2

 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7

ED 1

ED 2

ED 3

ED 4

Light grey: 12-month retrospective baseline control period.
Middle grey: 4-week initial intervention period.
Dark grey: sites continue with intervention plus follow-up period.
ED, emergency department; SHaPED, Sydney Health Partners Emergency Department.

 on 11 D
ecem

ber 2018 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2017-019052 on 19 A
pril 2018. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2017-019052
https://dx.doi.org/10.1136/bmjopen-2017-019052
http://bmjopen.bmj.com/


4 Machado GC, et al. BMJ Open 2018;8:e019052. doi:10.1136/bmjopen-2017-019052

Open Access 

implement the ACI model of care at the participating 
emergency departments.

Implementation will begin with visits to each partici-
pating emergency department to establish collaborations 
and approvals. We will also assess organisational issues 
and potential barriers to the implementation interven-
tion, such as intake and flow of patients with low back 
pain, assessment of current practices, acceptability of 
new model and specific roles of emergency clinicians in 
managing these patients. We will identify existing models 
of care that are used to guide management of patients 
presenting with low back pain at each emergency depart-
ment. Then, we will work with local clinical staff to ensure 
that each site practices according to the full ACI model 
of care.

A multifaceted intervention package will be used to 
implement the ACI model of care at the emergency 
departments. Briefly, the initial 4-week intervention 
will consist of printed and electronic educational mate-
rials, educational seminars and educational outreach, 
website support, posters and an audit and feedback 
approach. Clinician participants will receive a copy of 
the model and other printed materials, including the 
ACI consumer information booklet, as well as access 
to additional online support tools outlined in the ACI 
model of care, such as web pages and videos, to help 
them educate their patients. Experienced clinicians, 
research staff and local opinion leaders (ie, directors of 
emergency medicine) will deliver the interactive educa-
tional seminars and educational outreach. An audit and 
feedback approach focused on the outcomes of the 
study will also be used to enhance our implementation 
programme. A detailed description of the implementa-
tion plan for the SHaPED trial can be found in online 
supplementary appendix 3.

The intervention will be tailored for each site by 
adapting knowledge resources (such as printed decision 
aids and patient resources) to the local context and by 
working with local opinion leaders to address potential 
barriers to implementing the ACI model of care. These 
instructions, measures and training materials will be 
hosted online during the implementation phase on The 
University of Sydney’s website. Due to the nature of the 
intervention, it will not be possible to blind clinician 
participants to the intervention.

sample size
Based on the effect size of 10% absolute reduction (from 
30%7 to 20%) in imaging referrals, combined with an 
alpha of 0.05 and assuming an intraclass correlation 
coefficient of 0.1, a total number of 1920 low back pain 
presentations (on average 480 per cluster) to emergency 
departments is needed for this stepped-wedge cluster 
trial with 80% power. A preliminary analysis revealed that 
there were over 2650 low back pain presentations to the 
participating emergency departments in 2016, showing 
feasibility of this trial.

outcome measures
Clinician participants will complete a baseline question-
naire, including demographic questions. They will also be 
asked to indicate whether they have special interests in 
low back pain or musculoskeletal medicine, and if they 
had attended previous continuing medical education or 
postgraduate training on low back pain management. 
The outcomes to evaluate the effectiveness of the ACI 
model of care on health service delivery are routinely 
collected emergency department measures.

Primary outcome
 ► Proportion of patients receiving any imaging (yes/

no).

Secondary outcomes
 ► Proportion of patients receiving advanced imaging 

(CT/MRI=yes, X-ray/no imaging=no).
 ► Proportion of patients receiving analgesic medications 

(topical, oral, injection). Medications will be classified 
according to the Anatomical Therapeutic Chemical 
(ATC) classification system (table 3). The ATC clas-
sification is recommended by the WHO and is widely 
used internationally in medication use studies:
 – Paracetamol.
 – Non-steroidal anti-inflammatory drugs.
 – Muscle relaxants.
 – Opioids.
 – Neuropathic pain medications.
 – Other.

 ► Proportion of patients admitted to:
 – Hospital.
 – Emergency Medical Unit.
 – Short Stay Unit.

 ► Time in emergency department (triage time to 
discharge or admission time).

 ► Proportion of patients referred to specialists (referral 
for a consultation by the emergency department):
 – Pain management.
 – Rheumatology.
 – Surgery.

 ► Proportion of patients representing to the emergency 
department within 48 hours.

Table 3 Medications per ATC classification

Group ATC code

Analgesics N02B

NSAIDs M01A
M02AA

Muscle relaxants M03

Opioids N02A
N01AH

Neuropathic pain medicines N03
N06A

ATC, Anatomical Therapeutic Chemical; NSAIDs, non-steroidal 
anti-inflammatory drugs.

 on 11 D
ecem

ber 2018 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2017-019052 on 19 A
pril 2018. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bmjopen-2017-019052
http://bmjopen.bmj.com/


5Machado GC, et al. BMJ Open 2018;8:e019052. doi:10.1136/bmjopen-2017-019052

Open Access

 ► Proportion of patients readmitted to the hospital 
within 28 days.

 ► Total health system costs (including intervention costs 
and health service delivery costs).

Patient outcomes will be collected using a brief online 
questionnaire that will measure pain intensity (Numeric 
Rating Scale, range 0–10). We will also use the Patient-Re-
ported Outcomes Measurement Information System 
(PROMIS) to measure physical function (PROMIS 
Short Form—Physical Function 4a) and quality of life 
(PROMIS Scale—Global Health item 1) as advocated by 
the National Institutes of Health. We have chosen these 
outcomes as they are considered the three core outcome 
domains for clinical trials in low back pain identified in 
a recent Delphi study23 and by the International Consor-
tium for Health Outcomes Measurement.24 Patient expe-
rience with emergency service will be assessed using item 
31 of the Emergency Department Patient Experience of 
Care survey advocated by the American College of Emer-
gency Medicine.25

data collection methods
In the week prior to the implementation intervention, 
the 12-month retrospective baseline health service 
delivery data will be extracted directly from participating 
hospitals’ electronic record systems. The Sydney Local 
Health District (SLHD) Targeted Activity and Reporting 
System (STARS) will be used to access and extract data 
from SLHD emergency departments. STARS is data 
analytics programme which monitors clinician perfor-
mance and service use. At Dubbo Base Hospital, health 
service delivery data will be extracted from its electronic 
record system. During the intervention, health service 
delivery measures will be extracted from all partici-
pating emergency departments every week until the end 
of the 3-month follow-up period. Data extraction will 
be conducted remotely for all participating emergency 
departments by research staff blinded to intervention 
allocation. Data collection through hospitals’ electronic 
systems will also avoid additional workloads within the 
emergency departments.

Patient outcome measures will be collected using auto-
mated text messaging at 1 week (primary time point) and 
again at 2 and 4 weeks after index emergency department 
presentation. A random subsample of patient partici-
pants will be referred to a brief self-reported online ques-
tionnaire containing the Patient Information Statement. 
Completion of the online questionnaire indicates patient 
consent to participate in the study. Three reminder 
messages will be sent to non-responders, and those who 
do not respond to the third message will be contacted 
verbally via telephone.

Data will be securely stored in password-protected 
spreadsheets and transferred to appropriate statistical 
software for analysis. Spreadsheets will be regularly scru-
tinised for omissions and errors. Data will be archived at 
the Sydney School of Public Health, The University of 
Sydney for 15 years, after which data will be destroyed.

statistical methods
Data analysis will be performed according to an inten-
tion-to-treat analysis, that is, clusters will be analysed 
according to their randomised cross-over time irrespec-
tive of whether cross-over was achieved at the desired 
time. First, we will investigate temporal trends in health-
care outcomes across the 12-month baseline observation 
period. In the situation of an underlying temporal trend, 
we will only include data for the previous 3 months as 
the baseline observation period. In our primary analysis, 
the 4-week implementation intervention period will be 
excluded, but a secondary exploratory analysis will be 
performed including the implementation period into 
the intervention group. For the primary outcome anal-
ysis, logistic regression models with a random effect for 
cluster, a fixed effect indicating the group assignment of 
each cluster at each step and a fixed effect of time (each 
step) will be used. Data will be analysed using SAS V.9.1.3 
(SAS Institute).

Economic evaluation
An economic evaluation of the ACI model of care 
compared with current emergency practice will be under-
taken from the health system perspective. First, we will 
measure the costs related to the delivery of the interven-
tion (that is, training component, staff time and printed 
resources). Then, the costs related to health service 
delivery will be measured via data captured by the hospi-
tals’ electronic record systems. Costs will be valued based 
on government charges, using publicly available data. 
All costs will be reported in Australian dollars. Where 
necessary, costs will be converted to 2018 prices using 
the Australian Institute of Health and Welfare (AIHW) 
health price index. The incremental cost-effectiveness 
ratio (ICER) will be presented as the incremental cost 
per patient avoiding any imaging, opioid prescription 
and hospital admission.

Univariate sensitivity analyses will be conducted around 
key parameters likely to influence cost-effectiveness, 
including cost and efficacy estimates. For example, effec-
tiveness parameters used in the economic evaluation will 
be varied over the 95% CIs to assess impact on the ICER. 
Intervention costs, including training costs, staff time and 
resource costs will be collected from individual emer-
gency departments and similarly, analysis will examine 
the effect on the ICER of varying these values over the 
range reported by participating sites. Bootstrapping will 
be used to estimate a distribution around costs and health 
outcomes and to estimate the CIs around the ICER. 
Results will be plotted on the cost-effectiveness plane.

Process evaluation
A process evaluation will be conducted to provide an indi-
cation of which elements of the intervention are effective 
and worthwhile. In the week before the implementation 
period and in the week after it, clinician participants will 
be asked to answer a questionnaire containing the Back 
Beliefs Questionnaire.26 The Back Beliefs Questionnaire 
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is a widely validated questionnaire27 designed to measure 
beliefs about low back pain and will be used in our trial to 
assess whether the use of the ACI model of care improves 
beliefs about low back pain among emergency clinicians. 
This instrument was found to be reliable and respon-
sive to change in a wide range of contexts, including in 
Australia.28 We will also use a set of questions aimed at 
eliciting knowledge about the management of low back 
pain and attitudes of emergency clinicians towards these 
patients.29 At the end of the implementation period, clini-
cian participants will also be asked to review the content 
of educational materials. Potential barriers and facilita-
tors will be investigated using qualitative interviews with 
clinician participants.

EthICs And dIssEMInAtIon
Our hypothesis is that implementation of the ACI model 
of care will improve health service delivery in partici-
pating emergency departments for patients presenting 
with low back pain: specifically decreasing the propor-
tion of patients receiving imaging, opioids and hospital 
admission. If the trial results are positive, we will build 
on our existing strong relationships with the ACI, 
Sydney Health Partners and the Local Health Districts 
to support implementation of the ACI model of care in 
other emergency departments across New South Wales. 
As a branch of the New South Wales Ministry of Health, 
the ACI will be well positioned to facilitate transfer-
ability of findings. We will also disseminate the results 
of the trial at conferences and in scientific journals, and 
we will continue our successful approach of using the 
media to reach a lay audience and health consumers. 
The study resources will be made freely available on 
relevant websites so that jurisdictions beyond New South 
Wales can adopt the implementation strategy outlined 
in this study.
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