
	 1	

Study protocol_7 Oct 2019 
 
TITLE 
Evaluating audit and feedback for reducing musculoskeletal diagnostic imaging 
requests by high-requesting Australian general practitioners: protocol for a factorial 
cluster randomised trial 
 
INVESTIGATORS 
Dr Denise O’Connor 
Prof Rachelle Buchbinder 
Prof Chris Maher 
Prof Kirsten McCaffery 
Dr Adrian Traeger 
Dr Loai Albarqouni 
Dr Juliet Checketts 
Ms Parima Vyas 
A/Prof Laurent Billot 
Ms Brigit Maguire 
Mr Brett Clark 
Prof Paul Glasziou 
 
BACKGROUND 
Regional musculoskeletal conditions such as low back, neck, shoulder, hip, knee and 
foot pain are common and are significant contributors to global disability.1 General 
practitioners (GPs) are often the first clinical contact for people presenting with 
musculoskeletal conditions.2,3 Evidence-based primary care guidelines for many of 
these conditions generally recommend against early diagnostic imaging in the absence 
of features suggestive of a specific and/or serious underlying cause or unexplained 
progression of symptoms. This is because diagnostic imaging for these conditions is 
unlikely to provide meaningful information to guide management, carries risk of 
iatrogenic harm for patients (e.g., exposure to ionising radiation for some 
investigations; identification of incidental findings that may lead to further 
unnecessary care) and wastes valuable healthcare resources.4-7 Despite this, overuse 
of diagnostic imaging for people with musculoskeletal conditions by GPs persists.8-12  
 
Audit and feedback is one widely used strategy for improving professional practice 
and involves measuring and feeding back a summary of clinical performance to 
healthcare providers over a specified period of time. A Cochrane review of 140 
randomised trials found that audit and feedback results in a median 4.3% absolute 
improvement in healthcare provider adherence to desired practice, although the 
effects are highly variable across conditions, settings and design of interventions 
(ranging from a 9% decrease to a 70% increase).13 Cumulative analysis of trial 
findings demonstrates the median effect of audit and feedback became stable in 2003 
after 30 trials and that newer studies have contributed little in terms of how to 
optimise effects.14 For example, only 12% of trials in the Cochrane audit and 
feedback review directly compare different ways of designing or delivering audit and 
feedback and only 9% incorporate potential effect modifiers that theory suggests 
would improve its impact.13,15,16 
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Meta-regression from the Cochrane review suggests providing feedback on more than 
one occasion is associated with increased effects.13,14 Furthermore, theories that seek 
to explain how audit and theory works suggest that multiple instances of audit and 
feedback are inherent to the ‘feedback cycle’17 and encourage a ‘feedback loop’.18 In 
anticipation of future receipt of new performance data, recipients may be motivated to 
take action to reduce discrepancies between current and desired practice. On receipt 
of new performance data presented over time, recipients also have the opportunity to 
observe the impact of any behavioural changes.   
 
The way in which feedback data is displayed has also been identified as a potential 
effect modifier. A recent paper on optimising audit and feedback informed by 
empirical and theoretical knowledge suggests the feedback display should attract and 
maintain the attention of recipients on relevant information and in a manner that 
highlights key recommendations.15 Clinical Performance Feedback Intervention 
Theory (CP-FIT) also highlights the importance of the feedback display and asserts 
that feedback is more likely to be effective when it employs user-friendly designs 
which minimise cognitive load and helps recipients decide what aspects of their 
performance requires attention.17 
 
To our knowledge, only five randomised trials have evaluated audit and feedback 
interventions to address overuse of musculoskeletal diagnostic imaging by GPs and 
these have had mixed effects.19-23 None have compared different ways of designing or 
delivering audit and feedback based on current empirical and theoretical knowledge 
for maximising its effect.24  
 
 
RESEARCH PLAN 
Aims 

1. To estimate the effectiveness of audit and feedback for reducing diagnostic 
imaging requests for 11 musculoskeletal imaging services (low back CT, low 
back x-ray, neck CT, neck x-ray, neck MRI, shoulder x-ray, shoulder 
ultrasound, hip x-ray, hip ultrasound, knee x-ray, ankle/hind foot ultrasound) 
in high-requesting GPs in Australia compared with control. 

2. To evaluate which forms of feedback are most effective in reducing 
musculoskeletal diagnostic imaging requests and to estimate their effects. 

 
Hypotheses 

1. That audit and feedback will result in a greater reduction in diagnostic imaging 
request rate compared to control. 

2. That enhanced feedback delivered on two occasions will result in a greater 
reduction in diagnostic imaging request rate compared to standard feedback 
delivered on one occasion. 

 
Study design 
The design of the trial will be a 5-arm factorial cluster randomised controlled trial. 
GPs will be randomly allocated to receive either no feedback intervention (control) or 
feedback. Within those allocated to feedback, GPs will be first randomly allocated to 
feedback on one or two occasions (Factor 1) and then standard or enhanced feedback 
display (Factor 2). 
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Study setting 
General practices and included GPs, located in any state or territory of Australia. 
 
Participant eligibility and recruitment 
Inclusion criteria 
GPs practising in Australia will be eligible if they are in the top 20% of GP requesters 
for 11 targeted musculoskeletal diagnostic imaging services and in the top 20% of 
requesters for at least 4 individual items. The targeted diagnostic imaging are: 1) low 
back CT, 2) low back x-ray, 3) neck CT, 4) neck x-ray, 5) neck MRI, 6) shoulder x-
ray, 7) shoulder ultrasound, 8) hip x-ray, 9) hip ultrasound, 10) knee x-ray, 11) 
ankle/hind foot ultrasound. Only diagnostic imaging requests that lead to a service 
being rendered by a radiologist and for which a Medicare Benefits Schedule (MBS) 
claim is made are in scope. 
 
Exclusion criteria 
GPs will be excluded if they: 

1. have less than 1000 Category 1 services within the 12-month period of 1 
January 2018 to 31 December 2018; 

2. they did not make any in-scope musculoskeletal diagnostic imaging requests 
within the 12-month period of 1 January 2018 to 31 December 2018; 

3. have participated in user testing of the intervention; 
4. are currently or have been involved in a Department of Health compliance 

activity within the past 12 months. 
 
Randomisation and allocation concealment 
General practices, with at least one eligible GP, will be simultaneously randomised 
either to no intervention control or to one of four intervention groups at baseline. The 
randomisation sequence will be generated using a computer-generated randomisation 
algorithm in the statistical program R. GPs will be clustered based on exact-matched 
primary practice addresses. Randomisation of general practices will be stratified by 
geographic region (urban, regional/rural-remote: Modified Monash Model (MMM) 1, 
MMM 2-7). 
 
Blinding 
Trial participants will not be blinded to group allocation but the risk of performance 
bias is considered to be minimal as GPs will not be aware of the variations of audit 
and feedback being tested nor the outcome measures and analytical approach. 
Analyses will be independently conducted by two statisticians using randomly 
shuffled group allocations. Real allocations will only be revealed once analyses are 
completed and agreement between the two statisticians is reached. 
 
Interventions 
GPs will be allocated to a control group (Group 1) or one of four intervention groups. 
 
All GPs allocated to an intervention group will receive feedback on their diagnostic 
imaging request rate for 11 musculoskeletal imaging services compared with the 
request rate of their GP peers. The targeted diagnostic imaging are: 1) low back CT, 
2) low back x-ray, 3) neck CT, 4) neck x-ray, 5) neck MRI, 6) shoulder x-ray, 7) 
shoulder ultrasound, 8) hip x-ray, 9) hip ultrasound, 10) knee x-ray, 11) ankle/hind 
foot ultrasound. 
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Group 2 will receive feedback delivered by mail on one occasion (at month 0) that 
illustrates (i) in graphical format, the GP’s overall diagnostic imaging request rate per 
1000 consultations compared with his/her GP peers over the previous calendar year 
(January to December 2018), and (ii) in tabular format, the GP’s request rate per 1000 
consultations for each musculoskeletal imaging service compared with his/her GP 
peers over the previous calendar year.  
 
Group 3 will receive feedback as described in Group 2, but supplemented with 
highlighted text in the table designed to draw the GP’s attention to those 
musculoskeletal imaging services where they are in the top 20% of requesters.  
 
Group 4 will receive feedback as described in Group 2, but supplemented with 
feedback on a second occasion (at month 9-12) illustrating (i) in graphical format the 
GPs’ overall diagnostic imaging request rate per 1000 consultations compared with 
his/her GP peers over the six month period following the first letter and previous 
calendar year; and (ii) in tabular format, the GP’s request rate per 1000 consultations 
for each musculoskeletal imaging service compared with his/her GP peers over the six 
month period following the first letter. 
 
Group 5 will receive feedback as described in Groups 3 and 4. 
 
Outcomes 
Primary outcome 
Rate of diagnostic imaging requests for each GP per 1000 Category 1 services for the 
targeted 11 musculoskeletal imaging services that are rendered by a radiologist over 
the 12 months following randomisation using Medicare Benefits Schedule (MBS) 
data. Targeted diagnostic imaging (DI) services are: 1) Low back CT, 2) Low back x-
ray, 3) Neck CT, 4) Neck x-ray, 5) Neck MRI, 6) Shoulder x-ray, 7) Shoulder 
ultrasound, 8) Hip x-ray, 9) Hip ultrasound, 10) Knee x-ray, 11) Ankle/hind foot 
ultrasound. 
 
Secondary outcomes  
1. Rate of diagnostic imaging requests for each GP per 1000 Category 1 services 

for the targeted 11 musculoskeletal imaging services that are rendered by a 
radiologist using MBS data at 6 and 18 months after randomisation. 

2. Rate of low back CT requests for each GP per 1000 Category 1 services using 
MBS data at 6 and 18 months after randomisation. 

3. Rate of low back x-ray requests for each GP per 1000 Category 1 services 
using MBS data at 6 and 18 months after randomisation. 

4. Rate of neck CT requests for each GP per 1000 Category 1 services using 
MBS data at 6 and 18 months after randomisation. 

5. Rate of neck x-ray requests for each GP per 1000 Category 1 services using 
MBS data at 6 and 18 months after randomisation. 

6. Rate of neck MRI requests for each GP per 1000 Category 1 services using 
MBS data at 6 and 18 months after randomisation. 

7. Rate of shoulder x-ray requests for each GP per 1000 Category 1 services 
using MBS data at 6 and 18 months after randomisation. 

8. Rate of shoulder ultrasound requests for each GP per 1000 Category 1 services 
using MBS data at 6 and 18 months after randomisation. 
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9. Rate of hip x-ray requests for each GP per 1000 Category 1 services using 
MBS data at 6 and 18 months after randomisation. 

10. Rate of hip ultrasound requests for each GP per 1000 Category 1 services 
using MBS data at 6 and 18 months after randomisation. 

11. Rate of knee x-ray requests for each GP per 1000 Category 1 services using 
MBS data at 6 and 18 months after randomisation. 

12. Rate of ankle/hind foot ultrasound requests for each GP per 1000 Category 1 
services using MBS data at 6 and 18 months after randomisation. 

13. Rate of ankle x-ray requests for each GP per 1000 Category 1 services using 
MBS data at 6 and 18 months after randomisation. 

 
Ankle x-ray is not a targeted diagnostic imaging services but is a possible substitute 
for ankle/hind foot ultrasound so it will be included as a secondary outcome to check 
for switching. 
 
Baseline data collection  
The following baseline data will also be collected: age, gender, geographical location 
of primary practice address (metropolitan vs. regional/rural/remote) and rates of 
musculoskeletal diagnostic imaging requests for primary and secondary outcomes at 
baseline. 
 
Power 
We expect to randomise a total of 3,820 general practitioners from 2,271 general 
practices. 1,444 practices will comprise one provider only with the remainder 
including between 2 and 12 providers. To be conservative, the sample size calculation 
assumes 2,271 clusters of size one. 
 
The primary endpoint will be the rate of diagnostic imaging requests for each GP per 
1000 Category 1 services. A sample size of 2,271 general practices will be 
randomised 4:1 between the intervention and control arms. This will provide >90% 
power to detect a difference as small as 1.2 requests in the average rate of diagnostic 
imaging requests. This calculation assumes a standard deviation of 7 and a two-sided 
type-I error rate of 5%. 
 
This sample size will also provide >90% power to detect a difference of 1.2 requests 
in the average rate of diagnostic imaging requests between general practices receiving 
feedback on one occasion (n=908) vs. two occasions (n=908) and between those 
receiving feedback without (n=908) vs with (n=908) highlighted text. For both of 
these secondary comparisons, the type-I error rate is set at 2.5% 2-sided to control for 
multiplicity. 
	
Statistical analysis 
The main analysis will consist of comparing the rate of diagnostic imaging requests 
for each GP per 1000 Category 1 services. Data will be aggregated at the GP level and 
analysed using linear regression adjusted for the baseline imaging rate of each GP as 
well as the variables used to stratify the randomisation. Clustering of GPs by practice 
will be accounted for by using a random effect model or generalised estimating 
equations. 
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The primary comparison will consist of comparing the four intervention arms to the 
control arm. The overall effect of the intervention will be estimated as the adjusted 
mean difference together with its 95% confidence interval. Using the same linear 
regression model, we will also estimate the effect of the number of feedback 
occasions (one vs two) and the effect of the highlighted text (no vs yes) using adjusted 
mean differences and 97.5% confidence intervals. A similar approach will be used to 
analyse the secondary outcomes. 
 
Additional models with additional baseline covariates will be considered together 
with subgroup analyses. Details will be pre-specified in a separate statistical analysis 
plan developed with no access to unblinded trial data. 
 
Trial registration  
The trial will be registered in the Australian New Zealand Clinical Trials Registry 
(ANZCTR) before enrolment of participants.  
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