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Abstract 

 
Non-indicated imaging for low back pain (LBP) is unnecessary but remains common. 

Interventions to reduce this behaviour must consider the impact of fidelity (i.e., degree to 

which the intervention was delivered as intended) on trial results. The thesis examines 

strategies used to enhance and assess intervention fidelity for interventions targeting non-

indicated imaging for LBP and explores perceived barriers and enablers to enhancing 

fidelity of training and delivery to a proposed intervention for reducing non-indicated 

imaging for LBP. Two studies, a systematic review and a qualitative interview study, 

address these objectives. The systematic review, conducted using the PRISMA statement, 

found few studies reported strategies to enhance/assess fidelity. When reported, mainly 

enhancement strategies for fidelity to study design and intervention delivery were 

identified. The interview study, analysed with the Theoretical Domains Framework, 

found that logistical issues were a perceived barrier to attending training, while enablers 

were incentives and flexibility in training. Time, patient pressures, and habit were 

perceived barriers to intervention delivery, while enablers included enhancement 

strategies related to reminders and support. Findings from this thesis contribute to the 

development of an intervention fidelity protocol when designing an intervention to reduce 

non-indicated imaging for LBP in Newfoundland and Labrador, Canada. 
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General Summary 

 
Most patients with low back pain (LBP) do not need medical imaging. Interventions to 

reduce imaging have been developed, but with variable effectiveness. Intervention 

fidelity, delivering the intervention as intended, may be a reason why. This thesis 

reviewed existing literature on intervention fidelity for interventions to reduce LBP 

imaging and included an interview study exploring perceived barriers and enablers to 

enhancing fidelity to provider training (i.e., attending training) and intervention delivery 

for a proposed intervention to reduce LBP imaging in Newfoundland and Labrador, 

Canada. We found few studies reported on fidelity; those that did mostly reported 

enhancement strategies. Barriers to attending training include logistical issues; enablers 

include incentives and training flexibility. Barriers to intervention delivery include time, 

patient pressure, and habits; enablers include enhancement strategies related to reminders 

and support. Findings from this thesis contribute to the intervention literature generally 

and will inform a planned study to reduce LBP imaging. 
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Chapter 1: Introduction 

 

Non-specific low back pain is a common condition that is experienced by many people 

over their lifetime. Many factors, such as biophysical, psychological, and social factors, 

contribute to a patient’s experience of non-specific low back pain, but often, the 

pathoanatomical cause of pain is undetermined. Therefore, diagnostic imaging is usually 

not appropriate for the management of patients with non-specific low back pain. Despite 

various clinical practice guidelines recommending against the use of diagnostic imaging 

for the management of non-specific low back pain, it continues to be commonly used in 

primary care practices, and various interventions have been designed and used to reduce 

the use of non-indicated imaging. Many of these interventions have shown varying levels 

of effectiveness and one factor influencing the level of effectiveness is the lack of 

intervention fidelity. 

 

Intervention fidelity refers to the degree to which an intervention is implemented as 

intended by the intervention developers. The reporting of strategies to enhance and assess 

intervention fidelity has not been evaluated within the literature on interventions designed 

to change physician behaviour to reduce non-indicated imaging for low back pain. 

Therefore, the overall objective for this thesis was to examine strategies that have been 

used to enhance and assess intervention fidelity for interventions targeting physician 

behaviour to reduce non-indicated imaging for low back pain, as well as to explore 

perceived barriers and enablers to enhancing fidelity of training and fidelity of delivery to 
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a proposed intervention for reducing non-indicated imaging for low back pain. To achieve 

these objectives, this thesis will be comprised of two studies: the first study will be the 

first systematic review to comprehensively examine the strategies which have been used 

to enhance and assess intervention fidelity for interventions targeting physician 

behaviours (Chapter 3), while the second will be a qualitative interview study on general 

practitioners’ and chiropractors’ perceived barriers and enablers for enhancing fidelity of 

training and fidelity of delivery (Chapter 4). This thesis contributes to the literature on 

intervention fidelity for interventions aimed at reducing non-indicated imaging for low 

back pain, an area of implementation research which has previously mostly been 

unaddressed.   
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Chapter 2: Background Literature Review 

 

The purpose of this chapter is to provide an overview of the available literature related to 

the main concepts in this thesis. This chapter will also highlight gaps in the literature, 

which form the rationale for conducting the studies in this thesis. 

 

2.1 Non-specific low back pain 

 

2.1.1 Etiology 

 
Low back pain (LBP) is a common symptom that is defined by a location typically 

between the lower rib margins and the gluteal folds (1) and may be accompanied by pain 

in the lower extremities (2). Low back pain can be classified as specific or non-specific. 

Specific LBP can arise from specific disorders of the lumbar spine (e.g., vertebral 

fracture, malignancy, axial spondyloarthropathy) or from conditions beyond the lumbar 

spine (e.g., abdominal aortic aneurysm) (2-4). Non-specific LBP is the most common 

form of LBP and is defined as LBP where the pathoanatomical cause of pain cannot be 

determined (3), but instead likely develops due to an interaction of biophysical (e.g., 

prolonged postures, heavy lifting, smoking, obesity), psychological (e.g., psychological 

distress, depression), and social (e.g., socioeconomic status, health literacy) factors, as 

well as the presence of other comorbid conditions (2, 4). 
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2.1.2 Epidemiology  

 
Current literature suggests that approximately 90% of LBP is non-specific (5). Specific 

diagnoses of LBP (as defined previously in section 2.1.1 Etiology) account for less than 5 

to 10% of LBP presentations in primary care (6). In an Australian study of 1172 patients 

receiving primary care for acute (< 6 weeks) LBP, less than 1% of the cases (11 cases) 

had serious pathology, of which fracture was the most common (8/11 cases), followed by 

inflammatory disorder (2/11 cases) (7). In a Dutch study of 669 older adults (> 55 years 

of age) presenting to primary care with back pain, approximately 6% were diagnosed with 

a serious pathology, of which fracture was the most common (5%), followed by spinal 

malignancy (1%) (8). 

 

According to data extracted from the Global Burden of Disease, Injuries, and Risk 

Factors 2017 study (9), the age-standardised point prevalence of LBP decreased from 

8.20% in 1990 to 7.50% in 2017; however, the estimated prevalent numbers of people 

with LBP increased from 377.5 million in 1990 to 577.0 million in 2017, due to the 

increase in global population (10). The prevalence of LBP increases with age, peaking at 

around 80-89 years of age, and is more common in females than males (10). Low back 

pain is the leading cause of years lived with disability (YLDs) globally; LBP was 

responsible for approximately 64.9 million YLDs in 2017, representing an increase of 

53% since 1990 (10). Disability from LBP increases with age, peaking at 45-49 years of 

age, before decreasing (10). This peak age group corresponds to working age groups 
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worldwide, which is thought to be concerning particularly in low- to middle-income 

countries where possibilities for job modifications and occupational health and safety 

policies may be absent (2). 

 

2.1.3 Clinical course and prognosis 

 
The clinical course of LBP varies over an individual’s life (2, 4). Data from a systematic 

review and meta-analysis on the clinical course of pain and disability in patients with 

LBP supports that while most patients have substantially improved pain and disability 

scores after six weeks, low to moderate levels of pain and disability were still reported 

after one year (11). Several recovery patterns have been identified from research on 

trajectories for LBP, which include pain improvement (e.g., rapid or gradual 

improvement), persistent pain (e.g., at mild, moderate, or severe pain intensities), and 

fluctuating pain (e.g., variations in mild, moderate, or severe pain intensities) (12). 

Research on risk factors for new episodes of LBP has also shown that previous episodes 

for LBP increases the risk of new episodes of LBP (13). Therefore, the current literature 

suggests LBP may be a longer-lasting condition with a variable course and related 

episodes, instead of the traditional classifications of LBP by duration (i.e., acute, 

subacute, chronic) or recovery (i.e., recovered, recovering, not recovered) and unrelated 

episodes (2, 4, 12).  

 

Just as biophysical, psychological, and social factors may contribute to the development 

of LBP, these factors may also contribute to an individual’s experience of LBP, 
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particularly related to a poor clinical outcome (e.g., persistent pain or disability) (2). 

Potential physical prognostic factors associated with a poor outcome include the presence 

of widespread pain, having poor physical functioning, high pain intensity, and longer pain 

durations (14). Potential psychological prognostic factors associated with a poor outcome 

include higher levels of depression and/or anxiety, poor coping strategies, somatisation, 

catastrophizing, and having fear avoidance beliefs (2, 14); however, these factors likely 

interact and the reasons why these factors relate to poorer outcomes of pain and/or 

disability are poorly understood (2). Potential social prognostic factors associated with a 

poor outcome include lower socioeconomic status, lower levels of education, and 

increased physical workloads (2, 14). Overall, many factors may interact to impact the 

variable clinical course of LBP. 

 

2.2 Diagnostic imaging for non-specific low back pain 

 

2.2.1 Evidence-based recommendations for imaging 

Diagnostic imaging, including x-ray, computed tomography (CT), and magnetic 

resonance imaging (MRI), is a diagnostic tool that can be important for identifying 

specific pathology and is used in the management of a variety of clinical conditions. 

However, diagnostic imaging may have limited clinical utility, and thus is not always 

appropriate for the management of non-specific LBP, a clinical condition with a variety 

of contributing factors, without an identifiable cause (3, 4).  
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Current clinical practice guidelines for the management of patients with non-specific LBP 

recommend against the use of routine imaging (15, 16). A review that provides an 

overview of recommendations on the diagnosis and treatment of patients with non-

specific LBP in primary care identified 15 clinical practice guidelines globally (15). 

While all guidelines recommended against the use of routine imaging, the 

recommendations for when imaging should be considered varied between the guidelines. 

Most (seven) guidelines recommended that imaging should only be considered in the 

presence of red flags. Five guidelines recommended imaging when the results were likely 

to change or direct treatment, and two guidelines recommended imaging if pain persisted 

beyond 4 to 6 weeks (15). Accordingly, the College of Family Physicians of Canada, as 

part of their Choosing Wisely Canada recommendations, recommends not imaging for 

LBP unless red flags are present, since lumbar spine imaging before six weeks does not 

improve outcomes (17). These red flags include severe or progressive neurological 

deficits or when serious underlying conditions are suspected (17).  

 

Although most guidelines include a recommendation for not imaging unless red flags 

were present, the guidelines lack consistency on which red flags should be considered 

when trying to identify patients who are at risk for a serious underlying spinal pathology 

(18). Systematic reviews on the diagnostic accuracy of red flags for malignancy 

demonstrated that few studies have reported data on diagnostic accuracy (19, 20). Only 

the red flag of “history of cancer” suggested a post-test probability of 7% in primary care 

(i.e., the probability of malignancy if the patient had a history of cancer is 7%) (20). 

However, other commonly cited red flags for malignancy such as older age, unexplained 
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weight loss, and failure to improve after one month only had a post-test probability of 

below 3% (20), suggesting that these red flags, particularly when used in isolation, may 

not be helpful in identifying patients at risk for malignancy. Of the red flags for a spinal 

fracture, a combination of red flags including three of female, age over 70 years, severe 

trauma, and prolonged corticosteroid use increased the probability of having a spinal 

fracture to 90% (20). Diagnostic accuracy data is sparse for red flags for other spinal 

pathologies such as cauda equina syndrome, spinal infection, or axial inflammatory 

disorders. Thus, clinical decision making is still required to interpret identified red flags 

within the context of the patient’s clinical presentation (18). 

 

2.2.2 Use of imaging in primary care 

Despite current guideline recommendations, non-indicated imaging remains common 

globally (16). A recent systematic review describing usual care provided by primary care 

physicians to patients with LBP suggests that approximately 25% of patients with LBP 

receive referrals for imaging (21). Another systematic review and meta-analysis 

examining the prevalence of overuse and/or underuse of imaging in primary care found 

that in patients referred for imaging, about one third had imaging that was inconsistent 

with guideline recommendations (22).  

 

Many barriers to following evidence-based recommendations for imaging have been 

reported in the literature. Among physicians, imaging behaviour appears to be influenced 

by patients requesting imaging (i.e., patient expectations), physicians believing that 
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providing a scan will reassure patients, time constraints, diagnostic uncertainty, lack of 

guideline awareness, perceiving that imaging is important to locate the source of pain, 

and a fear of missing a diagnosis (23-25). Similarly, among chiropractors, imaging 

behaviour may be influenced by their colleagues and patients, a fear of potential negative 

consequences of not ordering imaging (e.g., missing a diagnosis), a lack of confidence 

and comfort in managing patients without imaging, and a lack of guideline awareness and 

agreement (26, 27). Patient beliefs about diagnostic imaging may also be a barrier to 

following evidence-based recommendations for imaging, as it has been reported that 

patients often believe diagnostic imaging is important for locating the source of pain, as 

well as for validating their pain experience (25). 

 

2.3 Interventions aimed at reducing non-indicated imaging for low back pain 

 

Many interventions have been used to improve the appropriate use of imaging for 

musculoskeletal conditions, including LBP. Examples of these interventions include 

guideline dissemination, various forms of clinician education, audit and feedback, and 

clinical decision support tools (28-30). However, the effectiveness of those interventions 

has been variable. A 2010 Cochrane review by French and colleagues (28) included six 

studies on interventions targeting imaging for patients with LBP only. While the majority 

of the studies used the distribution of educational materials (e.g., guidelines) as the 

intervention, there were varying effects when compared to no-intervention controls (28); 

therefore, it was unclear whether the distribution of educational materials was an effective 
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intervention or not. A 2015 systematic review investigating the effectiveness of 

interventions aimed at reducing the use of imaging for LBP included seven studies and 

divided the interventions into four categories: clinical decision support and targeted 

reminders, audit and feedback, practitioner education, and postal guideline dissemination 

(29). Clinical decision support tools, including modified referral forms, and targeted 

reminders to physicians were the most effective interventions in reducing the use of 

imaging for LBP (29). Modified referral forms used in a hospital setting reduced imaging 

by 36.8% (95% confidence interval 33.2% - 40.5%), while targeted reminders to primary 

care physicians reduced referrals for imaging by 22.5% (95% confidence interval 8.4% - 

36.8%) (29). Other interventions did not significantly reduce imaging rates or had 

variable results; however, the small number of studies and lack of sufficient power within 

the studies may limit the interpretation of the results (29). Similarly, a recent review 

which included mostly interventions using clinician education to improve guideline-

recommended imaging referrals for LBP found that these interventions had no effect (30). 

 

2.3.1 Understanding variation in effectiveness of interventions  

There are different reasons why effectiveness of the same (or similar) intervention(s) may 

vary from one study to another, such as differences in populations, clinical settings, local 

context, and implementation processes. Within interventions targeting primary care 

practitioners to improve the appropriate use of imaging for LBP, two potential reasons for 

this variation in effectiveness suggested in the literature are a lack of intervention 

rationale/theoretical underpinning and poor intervention fidelity (28, 31).  
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Through using a theoretical framework, a better understanding of the factors influencing a 

particular behaviour can be developed, which then allows for the selection of behaviour 

change techniques (BCTs) that are most suitable for the target behaviour (32). A 

theoretical framework which has been used in the development and examination of the 

implementation of health behaviour change interventions is described in greater detail in 

section 2.4 Investigating Behavioural Change: The Theoretical Domains Framework. 

Interventions designed without using a theoretical framework may result in the 

intervention not targeting the actual barriers to performing the target behaviour. 

Therefore, Hall and colleagues conducted a systematic review to analyse the BCTs that 

have been used within interventions aimed at improving adherence to evidence-based 

LBP imaging (31) to determine whether interventions targeted the known barriers 

identified in the literature described previously (in section 2.2.2 Use of imaging in 

primary care). The most frequently used BCTs were based on education of physicians 

(e.g., through guideline dissemination or educational seminars/workshops) to target their 

knowledge and skills (31). Feedback on their behaviour (e.g., through electronic feedback 

reports) was also commonly used (31). These commonly used BCTs primarily target 

knowledge and skills; however, the barriers identified in the literature (described in 

section 2.2.2 Use of imaging in primary care) are beyond just lack of knowledge and 

skills. For example, patient requests for imaging may be a social influence acting as a 

barrier to the appropriate use of imaging for LBP, while time constraints during a clinical 

encounter may be an environmental barrier which needs to be targeted by an intervention 

aiming to improve the appropriate use of imaging for LBP. Therefore, the effectiveness of 



 12 

such interventions may be influenced by more than simply identifying barriers for the 

target behaviour. 

 

The effectiveness of interventions may also vary across studies due to poor intervention 

fidelity; that is, the interventions may not have been delivered or implemented as intended 

(33, 34). In this situation, study results may show that an intervention has a non-

significant effect, but essential components may have been omitted from the intervention 

(35), resulting in poor intervention fidelity. If there was poor intervention fidelity during 

the implementation of the intervention, the interpretation of study results will become 

challenging. The concept of intervention fidelity in the context of health behaviour 

change research and how it impacts the interpretation of study results is described in 

greater detail in section 2.5 Intervention fidelity. 

 

2.4 Investigating Behavioural Change: The Theoretical Domains Framework 

 

2.4.1 Development 

Behaviour change interventions informed by theory may be more effective than those that 

are not; however, many behaviour change theories with overlapping constructs have been 

used within health behaviour change literature (36). An issue with having so many 

theories and theoretical constructs is that many studies do not have sound rationale for the 

selection of a particular theory to apply to the study (37). This led to the development of 

the Theoretical Domains Framework (TDF), which is a theoretical framework designed 
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for implementation research and, in particular, for the implementation of evidence based 

practice (37). The TDF was developed based on expert consensus by international health 

psychology theorists, health services researchers, and health psychologists (without 

specific expertise in theory, implementation research, or behaviour change) (37). The 

process to reach consensus on the TDF included several steps. The group of health 

psychology theorists began by identifying as many psychological theories and theoretical 

constructs (i.e., the component parts of theories) relevant to the implementation of 

evidence-based practice as possible. They identified 128 theoretical constructs based on 

33 psychological theories related to behaviour change (37). These 128 theoretical 

constructs were then simplified into theoretical domains (i.e., encompassing a set of 

similar theoretical constructs) which were evaluated by the health psychology theorists 

and health services researchers, and validated by the health psychologists, to establish 

importance (37). Finally, pilot interview questions were generated to aid researchers in 

identifying potential explanations for the desired behaviour change based on the 

theoretical domains and constructs (37). This original version of the TDF (TDF-1) 

included 12 theoretical domains: Knowledge; Skills; Social/professional role and identity; 

Beliefs about capabilities; Beliefs about consequences; Motivation and goals; Memory, 

attention, and decision processes; Environmental context and resources; Social 

influences; Emotion; Behavioural regulation; and Nature of the behaviours (37).  

 

The TDF underwent a content validation exercise with behavioural experts who were 

unaware of the original TDF (38). This refined version of the TDF (TDF-2) contains 14 

theoretical domains covering 84 theoretical constructs with good support for the structure 
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and content of the domains (38). Although there were less theoretical constructs in the 

TDF-2, the theoretical constructs were more relevant to behaviour change theory. The 14 

domains of the TDF-2 include: Knowledge; Skills; Social/professional role and identity; 

Beliefs about capabilities; Optimism; Beliefs about consequences; Reinforcement; 

Intentions; Goals; Memory, attention, and decision processes; Environmental context and 

resources; Social influences; Emotions; and Behavioural regulation (38). The main 

changes from the TDF-1 to the TDF-2 are shown in Table 2.1.     

Table 2.1: Main differences between the TDF-1 and TDF-2 
TDF-1 Theoretical Domains TDF-2 Theoretical Domains 
Beliefs about capabilities 
 

Beliefs about capabilities  
Optimism 

Beliefs about consequences Beliefs about consequences 
Reinforcement 

Motivation and goals Intentions 
Goals 

Nature of behaviours Not applicable – not a theoretical domain 
in TDF-2 

 

2.4.2 Use of the Theoretical Domains Framework in implementation research 

A guide to using the TDF in implementation research was published in 2017 by a group 

of international researchers (39). Within health behaviour change research, the TDF has 

been used in a variety of methods, including for studies with a wide range of objectives. 

A common way the TDF has been applied is in the identification of influences (i.e., 

barriers and enablers) on the implementation of specific evidence-based behaviours. This 

can be done quantitatively (e.g., with questionnaires) or qualitatively (e.g., with 

interviews or focus groups). The TDF can also be used during intervention design, 

process evaluations, and in the identification of behaviour change techniques. The guide 
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to conducting TDF-based research includes seven steps: [1] selecting and specifying the 

target behaviour(s); [2] selecting the study design; [3] developing study materials; [4] 

deciding the sampling strategy; [5] collecting the data; [6] analysing the data; and [7] 

reporting findings.    

 

The TDF has been applied to explore factors influencing the imaging behaviours and 

adherence to diagnostic imaging guideline recommendations (selecting target behaviours) 

among physicians and chiropractors (26, 27, 40). In these qualitative studies (selecting 

study design), interviews or focus groups were conducted (collecting the data) with a 

variety of clinicians who were regularly involved in the management of LBP (sampling 

strategy). An interview guide based on the TDF was used to ask specific questions related 

to each domain (developing study materials). Clinician quotes were coded into the 

domains of the TDF and specific beliefs or themes within each domain were developed 

(analysing the data) and presented (reporting findings).  

 

2.5 Intervention fidelity 

 

2.5.1 Definitions 

Fidelity is defined as the degree to which an intervention was implemented as intended by 

the program developers (41). In the context of intervention fidelity, many terms have 

been used interchangeably within the literature, including treatment integrity, program 

integrity, treatment fidelity, intervention fidelity, implementation fidelity, program 
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fidelity, and adherence (41, 42). This variability reflects how the concept of intervention 

fidelity has evolved over time. Initially, ‘treatment fidelity’ referred to ‘treatment 

integrity’, which was defined as “the degree to which the treatment was delivered as 

intended” (43). The term evolved to include ‘treatment differentiation’, which refers to 

“whether treatment conditions differ from one another in the intended manner” (44). 

These initial definitions of intervention fidelity focused solely on the delivery component 

of the intervention. Subsequent definitions of intervention fidelity incorporated the terms 

‘treatment receipt’ (i.e., “the degree to which the participant understands and 

demonstrates knowledge of and ability to use treatment skills”) and ‘treatment enactment’ 

(i.e., “the degree to which the participant applies the skills learned in treatment in their 

daily life”) (33, 45). These definitions include the intervention participant as a component 

of the intervention fidelity process. Additionally, other researchers consider elements of 

intervention design and the use of theoretical frameworks as another key component of 

intervention fidelity (45, 46). While intervention fidelity has been conceptualised in many 

ways in the literature, within behavioural research, intervention fidelity refers to the 

“methodological strategies used to monitor and enhance the reliability and validity of 

behavioural interventions” and the “methodological practices used to ensure that a 

research study reliably and validly tests a clinical intervention” (45). This 

conceptualisation of intervention fidelity, developed by the Treatment Fidelity 

Workgroup of the National Institutes of Health Behavior Change Consortium (NIHBCC) 

includes five domains which should be considered when addressing intervention fidelity 

in health behaviour change interventions: study design, provider training, intervention 

delivery, intervention receipt, and intervention enactment (45). Since this thesis examines 
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intervention fidelity within behavioural interventions (i.e., interventions targeted at 

healthcare providers to reduce non-indicated imaging for low back pain), the NIHBCC 

definition and conceptualisation of intervention fidelity will be used.  

 

2.5.2 National Institutes of Health Behavior Change Consortium (NIHBCC) intervention 

fidelity framework 

The NIHBCC provides a framework for conceptualising and addressing intervention 

fidelity within health behaviour change studies. It was built upon the model by Lichstein 

et al. (1994) (33), and includes five domains of intervention fidelity: study design, 

provider training, intervention delivery, intervention receipt, and intervention enactment 

(45). Within each domain, the NIHBCC framework provides recommendations on how to 

report, enhance, and/or assess intervention fidelity.  

 

The domain of study design relates to whether a study can adequately tests its hypotheses 

in relation to its underlying theory and clinical processes (45). In other words, the 

intervention should be based on a theoretical framework or clinical guideline and the 

most relevant independent and dependent variables should be used in the study. 

Additionally, information about the intervention content and dose should be reported, 

along with methods to ensure that the intervention and comparison groups are equivalent 

and potential confounders are addressed (35, 45).  
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The domain of training aims to ensure that intervention providers are adequately trained 

to deliver the intervention to the study participants (45). This includes strategies to 

enhance the training process (e.g., with standardised training sessions or a training 

manual) and assess the intervention providers’ skill acquisition (e.g., with role-playing 

scenarios, direct observation, or written pre- and post-tests) (35, 45). Assessment of 

intervention fidelity related to training also continues into the period of intervention 

delivery, where the providers’ skills should be continuously assessed to ensure that no 

drifting from the protocol occurs and that providers are given the opportunity to maintain 

their skills (e.g., with booster training sessions) (35, 45).  

 

The domain of intervention delivery aims to enhance and assess intervention providers’ 

ability to deliver the intervention as intended (45). This includes methods used to 

standardise the intervention delivery (e.g., with an intervention manual or provider 

checklist), ensure the intervention content and dose are delivered as intended (e.g., with 

direct observation, video recording, or provider evaluation forms), and assess nonspecific 

effects from the intervention (e.g., therapeutic alliance) (35, 45).  

 

The domain of intervention receipt focuses on the intervention participant (e.g., patient) 

and aims to enhance (e.g., with educational handouts or role-play scenarios) and assess 

(e.g., with post-intervention questionnaires or pre- and post-tests) their understanding and 

ability to performs skills that were taught during the intervention period (35, 45).  
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The domain of intervention enactment also focuses on the intervention participant but 

aims to enhance and assess the participants’ ability to use the knowledge and skills gained 

from the intervention in real-life settings (45). This may involve using methods such as 

direct observations in real-life settings, participant self-monitoring, and follow-up 

discussions (35). Although both intervention receipt and intervention enactment are 

focused on assessing intervention fidelity related to the participant, they differ in that 

receipt refers to the period of time during the intervention, while enactment refers to the 

time period after the intervention when the participant should be applying things learned 

from the intervention in relevant real-life settings.  

 

All five domains of intervention fidelity are important to consider; thus, an important 

distinction should be made among for what the intervention was designed (study design), 

what the intervention providers were trained to do (provider training), what was delivered 

(intervention delivery), what was learned by participants (intervention receipt), and what 

was actually used by participants (intervention enactment).  

 

A checklist was developed in 2005 by the NIHBCC to assess intervention fidelity within 

a study across the five domains (35, 47). During the initial development of the checklist, 

it was used to assess intervention fidelity within health behaviour change studies. These 

studies included experimental designs (i.e., trials), quasi-experimental designs, and 

single-group designs since intervention fidelity should be reported within all of these 

study designs as well (47). The checklist has established face validity and inter-rater 

reliability (47). The checklist was updated in 2011 to include additional components on 
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behavioural theory and multicultural considerations (35). This updated checklist contains 

a total of 40 components for a two-armed trial (44 for three-armed trials and 48 for four-

armed trials): 17 (two-armed; 21 for three-armed; 25 for four-armed) in the study design 

domain; seven in the provider training domain; nine in the intervention delivery domain; 

five in the intervention receipt domain; and two in the intervention enactment domain 

(35). Each component is rated as “present”, “absent but should be present”, and “not 

applicable” (35). The checklist has been applied in a variety of disciplines to assess the 

degree to which intervention fidelity has been reported, enhanced, and/or assessed in 

studies of health behaviour change (48-51).  

 

2.5.3 Importance of intervention fidelity within implementation research 

The assessment and evaluation of intervention fidelity at early stages of intervention 

development, such as during planning and within feasibility studies, can serve as a 

feedback mechanism to improve the intervention for the main trial (52). For example, 

assessing intervention fidelity in the early stages of intervention development can provide 

information on the feasibility of proposed strategies to enhance (e.g., use of treatment 

manual, frequency of booster sessions) and assess (e.g., direct observation versus audio 

recording versus checklist) intervention fidelity (53). This can be achieved through 

interviews or focus groups with potential stakeholders (e.g., clinicians delivering an 

intervention or participants receiving an intervention) to determine factors that may 

influence intervention fidelity (53). Doing so can provide an opportunity to develop an 
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intervention fidelity protocol for the main trial, optimise the intervention, and may 

influence the targeted outcomes of the intervention. 

 

As new evidence-based interventions are developed, the effect of the implementation of 

these interventions needs to be assessed. Intervention fidelity is an implementation 

outcome (41) that is important because it has the potential to moderate the effect of the 

intervention on the targeted outcomes (54). This means that the results of a study (i.e., the 

effectiveness or lack of effectiveness) may be attributed to how well an intervention was 

implemented (34, 45). Significant results from a study may be due to an effective 

intervention or due to unknown factors added to or omitted from the intervention (35). 

The belief that an intervention is significant when it is not represents a type I error, and 

may result in the inappropriate dissemination of an ineffective intervention (35). 

Similarly, non-significant study results may be due to an ineffective intervention or due to 

essential components omitted from the intervention (35). The latter is an example of poor 

intervention fidelity and represents a type II error (i.e., incorrectly believing that an 

intervention is non-significant) (35). Therefore, the assessment and evaluation of 

intervention fidelity during a study period is essential for the interpretation of the study’s 

results. 

 

2.6 Proposed intervention to reduce non-indicated imaging for low back pain in 

Newfoundland and Labrador, Canada 
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Currently, a large multi-jurisdictional project aiming to reduce non-indicated imaging for 

LBP funded by the Canadian Institutes of Health Research is underway in Newfoundland 

and Labrador (NL), Ontario, and Alberta, Canada. As part of the work of the Choosing 

Wisely Canada Implementation Research Network, one of the aims is to test the 

effectiveness of a theory-informed intervention to reduce non-indicated imaging for LBP. 

The intervention will consist of clinician education, a clinician-patient decision aid, and 

an education booklet with evidence based, patient-specific treatment recommendations. 

 

2.6.1 Local context of Newfoundland and Labrador, Canada 

In the province of NL, clinicians who are both able to order x-rays and regularly manage 

patients with LBP include medical practitioners (e.g., family physicians) and 

chiropractors (55). Medical practitioners are also able to order CT scans; however, family 

physicians are unable to order MRIs. As of April 2021, the majority of practicing 

physicians are located in the Eastern Health Regional Health Authority (69%) and 

approximately 59% are paid using a fee for service model (56). Additionally, 

approximately 44% of the practicing physicians in NL are family physicians (56). There 

are approximately 70 chiropractors in NL, with the majority practising in an urban setting 

(75%) (57) and paid on a fee-for-service basis only. 

 

The issue of the inappropriate use of imaging in NL, particularly of x-ray and CT, has 

been documented within the literature. In a medical record review of electronic health 

records from general practitioners (GPs) in NL, only 6.5% of referrals for lumbar spine 
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CT imaging were considered appropriate (i.e., concordant with guideline or best practice 

recommendations) (58). The remaining referrals were either not-concordant with 

recommendations (16%) or were considered questionable (75.6%), as the referrals did not 

clearly distinguish between radiating leg pain and true radiculopathy (i.e., with a positive 

neurological examination) (58). Among chiropractors in NL, a survey on their knowledge 

of and adherence to radiographic guidelines found that about half of respondents were 

unaware of or did not know current guideline recommendations for LBP radiography, and 

one quarter of respondents indicated they did not use guidelines to inform their clinical 

decisions (57). When adherence was measured using clinical vignettes, adherence ranged 

from 38-88% for not ordering an x-ray when it was not indicated (27).  

 

2.7 Summary 

 

2.7.1 Research gaps 

Although non-specific LBP is common, experienced by many people throughout their 

lifespan, and represents a high burden to individuals and to society, the pathoanatomical 

cause of pain is usually undetermined. As such, diagnostic imaging is usually not 

appropriate for the management of patients with non-specific LBP. However, diagnostic 

imaging continues to be commonly used in primary care practices. Interventions that have 

been developed to target the use of non-indicated imaging in primary care have shown 

varying levels of effectiveness, which may be influenced by a variety of factors, including 

the lack of intervention fidelity. To date, the reporting of strategies to enhance and assess 
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intervention fidelity has not been evaluated within studies of interventions targeting 

physician behaviours to reduce non-indicated imaging for LBP. Developing an 

understanding of intervention fidelity for these interventions is particularly important to 

improve the interpretation of the results of studies examining the effectiveness of these 

interventions. While the TDF has been applied to examine barriers and enablers to 

clinicians’ imaging behaviours, no studies have used the TDF to examine barriers and 

enablers to enhancing and assessing intervention fidelity for these interventions. Doing so 

will aid in the accurate development and evaluation of an intervention aimed at reducing 

non-indicated imaging for LBP in NL, Canada. 

 

2.7.2 Thesis objectives and contribution to the literature 

The overall objective of this thesis was to examine strategies that have been or could be 

used to enhance and/or assess intervention fidelity for interventions aimed at reducing 

non-indicated imaging for LBP. Two manuscripts have been produced, each focusing on 

a different aspect of the primary thesis objectives: 

I. The first manuscript was a systematic review which aimed to review the literature 

on interventions targeting physician behaviours to reduce non-indicated imaging 

for low back pain to [1] examine the reporting of strategies to enhance and/or 

assess intervention fidelity; [2] report on the psychometric properties of tools used 

to assess intervention fidelity; and [3] report on the intervention fidelity outcome 

within evaluations of these interventions. 
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II. The second manuscript was a qualitative study which aimed to explore perceived 

barriers and enablers to enhancing fidelity of training and delivery of a proposed 

theory-informed intervention to reduce non-indicated imaging for LBP by GPs 

and chiropractors in NL, Canada. 

 

This thesis includes the first systematic review which comprehensively searches and 

synthesises the literature on the reporting of fidelity within interventions targeting 

physician behaviours to reduce non-indicated imaging for LBP. The qualitative study will 

allow for implementation researchers to identify factors which may impact the level of 

fidelity of the training and delivery of the proposed intervention. Together, strategies used 

to enhance and/or assess intervention fidelity found in the systematic review and factors 

affecting fidelity found in the qualitative study may inform the development of an 

intervention fidelity protocol for the proposed intervention to reduce non-indicated 

imaging for LBP in NL. The development of an intervention fidelity protocol may 

enhance fidelity within the main implementation trial, increasing the certainty in the trial 

results. This thesis provides an in depth understanding of intervention fidelity in relation 

to interventions aimed at reducing non-indicated imaging for LBP and explores barriers 

and enablers to enhancing intervention fidelity, specifically to provider training and 

intervention delivery. 
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Chapter 3: Fidelity of interventions designed to reduce non-indicated imaging for 

low back pain: a systematic review 

 

Authors: Daphne To1, Diana De Carvalho1, Andrea Pike2, Elaine Toomey3, Amanda Hall2 
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 27 

 

3.2 Abstract 

 

Background: Intervention fidelity refers to whether an intervention was delivered as 

intended and includes the methodological strategies to enhance and assess this process. 

Interventions aimed at reducing non-indicated imaging for low back pain (LBP) have 

shown variable results of effectiveness; however, intervention fidelity has not been 

previously explored within this context, limiting the interpretation of the findings in these 

studies. 

Objectives: The aim of this systematic review was to review the literature on 

interventions targeting physician behaviour to reduce non-indicated imaging for LBP in 

order to: (1) examine the reporting of strategies to enhance and/or assess intervention 

fidelity; (2) report on the psychometric properties of tools used to measure intervention 

fidelity; and (3) report on intervention fidelity outcomes within the evaluations of these 

interventions. 

Methods: This review used the search results from a systematic review previously 

conducted examining behaviour change techniques used in interventions to improve 

physician adherence to evidence-based LBP imaging and reduce non-indicated imaging 

for LBP. The National Institutes of Health Behaviour Change Consortium fidelity 

checklist was used to examine the reporting of intervention fidelity across five domains 

(study design, provider training, delivery of treatment, treatment receipt, and treatment 
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enactment). Intervention fidelity scores, psychometric properties of assessment measures, 

and intervention fidelity outcomes were narratively synthesised. 

Results: We identified 27 studies, which included a total of 50 intervention components. 

At least one strategy to enhance intervention fidelity across the five domains was reported 

in every intervention component. Strategies were most often used to enhance fidelity to 

study design or intervention delivery. Strategies to assess intervention fidelity in the 

intervention components were insufficiently reported. Intervention fidelity was explicitly 

measured in only four intervention components, with psychometric properties of the 

measurement methods used only partially reported for only one intervention component.  

Conclusion: This is the first study to comprehensively synthesise the literature on the 

reporting of strategies to enhance and assess intervention fidelity within interventions 

targeting physicians to reduce non-indicated imaging for LBP. Our review highlights a 

need for both using and reporting strategies to enhance and assess intervention fidelity to 

allow for a more appropriate interpretation of results on effectiveness for these 

interventions. 

Registration: 10.17605/OSF.IO/4DYUW 

 

3.3 Introduction 

 

Intervention fidelity refers to the degree to which an intervention is delivered as intended 

by the intervention developers (47, 59). Within behaviour change research, intervention 

fidelity also refers to the methodological strategies used to monitor and enhance the 

https://doi.org/10.17605/OSF.IO/4DYUW


 29 

reliability and validity of behavioural interventions (47, 59, 60). This framework for 

intervention fidelity was developed by the National Institutes of Health Behaviour 

Change Consortium (NIHBCC) and includes five domains: study design, provider 

training, intervention/treatment delivery, intervention/treatment receipt, and 

intervention/treatment enactment (59). Study design relates to whether the study 

adequately tests its hypothesis in relation to an underlying theoretical framework or 

mechanism of action. It also relates to having a plan with an a priori specification of the 

dose of the intervention and comparators. Provider training relates to the training process 

of providers, as well as the enhancement and assessment of the skills and ability of 

providers to deliver the intervention. Intervention delivery relates to whether the 

intervention was actually delivered as intended by the intervention developers. 

Intervention receipt relates to the ability of participants to understand and perform the 

treatment-related skills during the intervention phase. Intervention enactment relates to 

the ability of the participants to perform the treatment-related skills in real-life settings.  

 

The NIHBCC developed a fidelity checklist in 2005 to evaluate intervention fidelity 

across the five domains in studies of health behaviour change research (47). The checklist 

has established face validity and inter-rater reliability (47), and has been used in a variety 

of healthcare settings (48-50). The checklist was updated in 2011 to include items on 

behavioural theory and multi-cultural considerations (60). Within each domain, the 

NIHBCC fidelity checklist contains strategies to either enhance (e.g., with the use of 

theory-based interventions and training and intervention manuals) or assess (e.g., with 

direct observation, audio tapes, self-reported checklists) intervention fidelity (60).  



 30 

 

Intervention fidelity is an implementation outcome (61) which has the potential to 

modulate the effect of the intervention on the targeted outcome (54). This means that the 

results of a study (i.e., demonstrated effectiveness or lack of effectiveness) may be 

attributed to how well the intervention was implemented (i.e., the degree to which 

intervention fidelity was achieved) (59, 62). For example, a study demonstrating non-

significant results for an intervention may have been testing a truly ineffective 

intervention, or the intervention may have been ineffective due to essential components of 

the intervention being omitted. The latter is an example of poor intervention fidelity 

which impacted the study results. 

 

Non-specific low back pain (LBP) is a common clinical condition with no 

pathoanatomical cause of pain (3). Current clinical practice guidelines for the assessment 

or management of LBP recommend against the use of diagnostic imaging in the absence 

of red flags for pathology (63, 64), as imaging often does not improve patient outcomes, 

increases exposure to unnecessary harms, and increases costs to the healthcare system 

(65-68). Despite this, imaging continues to be commonly used in primary care practices 

and emergency departments (69, 70). Interventions that have been used to reduce the use 

of non-indicated imaging include the distribution of educational materials, clinical 

decision support tools, modified requisition forms, targeted reminders, and audit and 

feedback (71-74); however, evidence of effectiveness for these interventions has been 

variable (71-74). To our knowledge, there has been no comprehensive assessment of 

intervention fidelity within this context. Without knowledge of intervention fidelity, it is 
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unknown whether the interventions were truly ineffective or if they were ineffective due 

to poor intervention fidelity.  

 

3.4 Objectives 

 

The aim of this systematic review was to review the literature on interventions designed 

to change physician behaviour to reduce non-indicated imaging for LBP to: [1] examine 

and describe the reporting of strategies used to enhance and assess intervention fidelity; 

[2] report on the psychometric properties of the tools used to measure intervention 

fidelity; and [3] report on the intervention fidelity outcome within the evaluations of these 

interventions. 

 

3.5 Methods 

 

A systematic review of the literature was conducted to identify studies of interventions 

designed to change physician behaviour to reduce non-indicated imaging for LBP. The 

systematic review was reported according to the Preferred Reporting Items for Systematic 

Reviews and Meta-analyses (PRISMA) 2020 statement (75) (Appendix 1). The protocol 

for this review was registered prior to the study start on Open Science Framework on 

May 11, 2021(Appendix 2, 10.17605/OSF.IO/4DYUW). 

 

https://doi.org/10.17605/OSF.IO/4DYUW
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3.5.1 Data sources and eligibility criteria 

This review used the results of a search strategy conducted by our research group that 

aimed to determine the behaviour change techniques that have been used in interventions 

to improve physicians’ adherence to evidence-based LBP imaging and reduce non-

indicated imaging for LBP (76). MEDLINE (OVID), Embase, CINAHL (EBSCO), and 

the Cochrane Central Register of Controlled Trials were searched from inception to 

February 2021 (Appendix 3). References from five relevant systematic reviews were 

hand-searched, and forward (until March 2021) and backward citation tracking of 

included studies was conducted. Additionally, content experts were consulted to ensure 

key relevant studies were included. Associated publications for the eligible studies (e.g., 

published protocols, supplementary files, additional publications) were also retrieved and 

reviewed. 

  

Studies were eligible for the current review if they were published in English and met the 

inclusion criteria outlined in Table 3.1. Studies targeting patients or the public directly 

(e.g., mass media campaigns) and interventions designed to improve adherence to other 

aspects of LBP guidelines without targeting imaging were excluded. Our current review 

had additional exclusion criteria. This review only included studies that used an 

intervention that employed more than just Behaviour Change Techniques ‘4.1 instruction 

on how to perform the behaviour’ and ‘9.1 credible source’ identified in our previous 

review (76). There is high quality evidence to suggest that barriers for not ordering 

imaging for patients with non-specific LBP are multi-factorial and are influenced by 

factors other than knowledge (77). Consequently, interventions to target this behaviour 
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require more than simply providing information or instructions on how to perform the 

behaviour (with or without a credible source). Additionally, protocols, conference 

abstracts, and intervention development papers were excluded since it was not possible to 

adequately assess the reporting of intervention fidelity from those publication types.  

 

Table 3.1 Systematic review eligibility (inclusion and exclusion) criteria 
Category Description 

Type of Study 

Include: 
• Randomised or cluster randomised trials 
• Non-randomised controlled trials 
• Interrupted time-series design 
• Controlled before-after studies 
• Uncontrolled before-after studies 
• Qualitative studies 

Exclude: 
• Non-peer reviewed, unpublished studies  
• Protocols 
• Conference abstracts 
• Intervention development papers 

Types of 
Participants  
 

Include:  
• Studies that aim to change the behaviour of general medical 

practitioners or emergency department physicians who treat 
patients with low back pain 

Exclude: 
• Studies aiming to change the behaviour of other health care 

providers (e.g., physiotherapists, chiropractors) using low back 
pain guidelines 

• Studies aiming to change the behaviour of general medical 
practitioners or emergency department physicians treating other 
patient populations (e.g., arthritis, fibromyalgia, generic 
chronic pain, neck pain, thoracic spinal pain) 
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Types of 
Interventions  
 

Include:  
• Implementation interventions designed to reduce unnecessary 

low back pain imaging 
Exclude: 

• Implementation interventions that do not directly target general 
medical practitioners (e.g., mass media campaigns)  

• Implementation interventions that target the patient specifically 
• Implementation interventions that only used behaviour change 

techniques ‘4.1 instruction on how to perform the behaviour’ 
and ‘9.1 credible source’ as identified in our previous review 

Types of Outcome 
Measures We did not include inclusion/exclusion criteria based on outcomes 

 

3.5.2 Selection of studies 

Eligible studies identified in the previous review (76) were used for this current review. 

Two reviewers (DT and AP) independently screened full texts to apply the additional 

exclusion criteria (i.e., studies only providing information or instruction on how to 

perform the behaviour, protocols, conference abstracts, or intervention development 

papers). The reviewers met for consensus and any disagreements were resolved by 

discussion or by consulting a third reviewer (AH).  

 

3.5.3 Data extraction  

Two reviewers (DT and AP) independently extracted data on study characteristics from 

the included studies: author, year, country, study design, and intervention (including 

intervention components, provider, and dose). The two reviewers also independently 

extracted data on the psychometric properties (i.e., validity and reliability) and outcomes 

of intervention fidelity measurements if reported in the study. Authors of studies that 
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explicitly mentioned that intervention fidelity was measured were contacted for further 

information if required. If a study did not report any assessment/measurement of 

intervention fidelity, we assumed they did not assess/measure intervention fidelity and 

authors were not contacted. Any disagreements in data extraction between the two 

reviewers were discussed to consensus, with any persisting discrepancies resolved by a 

third reviewer (ET or AH).  

 

A codebook, adapted from Toomey et al. (50), was developed by one of the authors (DT) 

to clarify each of the intervention fidelity strategies in the NIHBCC fidelity checklist 

(Appendix 4). The codebook was reviewed by content experts in intervention fidelity 

(ET) and implementation science (AH) for completeness and accuracy. Prior to data 

extraction of the intervention fidelity strategies, two reviewers (DT and AP) pilot tested 

the codebook. The reviewers met to review extracted data frequently (after every two 

studies) and discrepancies or disagreements were resolved through discussion to reach 

consensus. A third reviewer (AH) was available to resolve any disagreements that 

persisted. This process allowed for the codebook to be reviewed and updated in order to 

address any confusion with coding of the intervention fidelity strategies used in the 

studies. This process continued until consensus was reached for 10% of the included 

studies and no more changes were made to the codebook. One reviewer (DT) extracted 

data for the remainder of the studies. 

 

Data on intervention fidelity were extracted for each eligible study using the updated 

NIHBCC fidelity checklist (60) (Table 3.2). The checklist includes a total of 40 strategies 
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for a two-armed trial (44 for three-armed trials): 17 strategies (two-armed trials; 21 for 

three-armed trials) in the study design domain; seven strategies in the provider training 

domain; nine strategies in the intervention delivery domain; five strategies in the 

intervention receipt domain; and two strategies in the intervention enactment domain 

(60). Each strategy on the checklist was scored as: “present” (the intervention fidelity 

strategy was reported), corresponding to a score of 1; “not reported” (the intervention 

fidelity information was not reported, but should be reported), corresponding to a score of 

0; or “not applicable (N/A)” (the intervention fidelity strategy was not applicable) (47). 

The entire domain on fidelity to provider training was not applicable for interventions 

where training would not be required (e.g., postal dissemination, automated clinical 

decision support). The entire domain on fidelity to intervention enactment was not 

applicable for interventions that were not skills-based. For studies testing multiple-

component interventions, data on intervention fidelity was extracted for each intervention 

component.  

 

Table 3.2 National Institutes of Health Behaviour Change Consortium fidelity checklist 
(35) 

Domain Component Present 
(1); 
Not 
reported 
(0); 
Not 
applicable 
(N/A) 

Study 
Design 

1) Provide information about treatment dose in the intervention 
condition 

 

 a) Length of contact  
 b) Number of contacts  
 c) Content of treatment  
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 d) Duration of contact over time  
 2) Provide information about treatment dose in the comparison 

condition (1) 
 

 a) Length of contact  
 b) Number of contacts  
 c) Content of treatment  
 d) Duration of contact over time  
 e) Method to ensure that dose is equivalent between 

conditions 
 

 f) Method to ensure that dose is equivalent for participants 
within conditions 

 

 2a) Provide information about treatment dose in the comparison 
condition (2+) 

 

 a) Length of contact  
 b) Number of contacts  
 c) Content of treatment  
 d) Duration of contact over time  
 3) Specification of provider credentials that are needed  
 4) Theoretical model upon which the intervention is based is 

clearly articulated 
 

 a) The active ingredients are specified and incorporated into 
the intervention 

 

 b) Use of experts or protocol review group to determine 
whether the intervention protocol reflects the underlying 
theoretical model or clinical guidelines 

 

 c) Plan to ensure that the measures reflect the hypothesized 
theoretical constructs/mechanisms of action 

 

 5) Potential confounders that limit the ability to make 
conclusions at the end of the trial are identified 

 

 6) Plan to address possible setbacks in implementation (i.e., 
backup systems or providers) 

 

 7) If more than one intervention is described, all described 
equally well 

 

Provider 
Training 

8) Description of how providers will be trained (manual of 
training procedures) 

 

 9) Standardisation of provider training (especially if multiple 
waves of training are needed for multiple groups of providers) 

 

 10) Assessment of provider skill acquisition  
 11) Assessment and monitoring of provider skill maintenance 

over time 
 

 12) Characteristics being sought in a treatment provider are 
articulated a priori. Characteristics that should be 
avoided in a treatment provider are articulated a priori 

 

 13) At the hiring stage, assessment of whether or not there is a 
good fit between the provider and the intervention 

 

 14) There is a training plan that takes into account trainees’ 
different education and experience and learning styles 
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Intervention 
Delivery 

15) Method to ensure that the content of the intervention is 
delivered as specified 

 

 16) Method to ensure that the dose of the intervention is 
delivered as specified 

 

 17) Mechanism to assess if the provider actually adhered to the 
intervention plan or in the case of computer delivered 
interventions, method to assess participants’ contact with the 
information 

 

 18) Assessment of nonspecific treatment effects  
 19) Use of treatment manual  
 20) There is a plan for the assessment of whether or not the 

active ingredients were delivered 
 

 21) There is a plan for the assessment of whether or not 
proscribed components were delivered (e.g., components that are 
unnecessary or unhelpful) 

 

 22) There is a plan for how contamination between conditions 
will be prevented 

 

 23) There is an a priori specification of treatment fidelity (e.g., 
providers adhere to delivering >80% of 
components) 

 

Intervention 
Receipt 

24) There is an assessment of the degree to which participants 
understood the intervention 

 

 25) There are specification of strategies that will be used to 
improve participant comprehension of the intervention 

 

 26) The participants’ ability to perform the intervention skills 
will be assessed during the intervention period 

 

 27) A strategy will be used to improve subject performance of 
intervention skills during the intervention period 

 

 28) Multicultural factors considered in the development and 
delivery of the intervention (e.g., provided in native 
language; protocol is consistent with the values of the target 
group) 

 

Intervention 
Enactment  

29) Participant performance of the intervention skills will be 
assessed in settings in which the intervention might be applied 

 

 30) A strategy will be used to improve performance of the 
intervention skills in settings in which the intervention might be 
applied 

 

 

3.5.4 Data analysis and synthesis 

Fidelity strategies on the NIHBCC fidelity checklist were categorised as strategies to 

either enhance or assess fidelity by the research team, as there is no standard 

categorisation of this in the literature. The research team came to consensus that the 
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NIHBCC checklist contained 28 strategies to enhance fidelity and 12 strategies to assess 

fidelity. The frequency of reporting of strategies to enhance or assess fidelity were 

reported for each intervention component. For both enhancement and assessment 

categories, intervention fidelity scores were calculated for each intervention component, 

stratified by domain, by dividing the number of fidelity strategies “present” by the total 

number of fidelity strategies deemed “applicable” for that intervention component, 

multiplied by 100. Intervention fidelity scores were interpreted as “none” (0% reported 

applicable strategies), “low” (≤50% reported applicable strategies), “moderate” (51%-

79% reported applicable strategies), and “high” (≥80% reported applicable strategies) (60, 

78). The percentage of reported intervention components using each fidelity strategy was 

calculated as the number of intervention components with the fidelity strategy “present” 

as a proportion of the total number of intervention components with the fidelity strategy 

deemed “applicable”. The specific fidelity enhancement and assessment strategies used in 

the studies were described using a narrative synthesis. For studies explicitly measuring 

intervention fidelity outcomes, the fidelity outcomes, as well as the psychometric 

properties (e.g., validity and reliability) of the tools used to measure intervention fidelity 

were narratively synthesised. 

 

3.5.5 Ethics 

Not applicable. 
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3.6 Results 

 

The systematic review by Hall et al. (76) included 35 eligible studies. Of these, nine did 

not satisfy our additional intervention eligibility criteria and were excluded. Reasons for 

exclusion included: study only provided information or instruction on how to perform the 

behaviour (n=4) (79-82); intervention was not specific to LBP imaging (n=1) (83); 

conference abstract (n=2) (84, 85); and intervention development paper (n=2) (24, 86). 

One additional study (87) was identified from the forward citation tracking of an eligible 

study. Thus, we identified a total of 27 studies testing implementation interventions 

targeting physician behaviour to improve adherence to evidence-based LBP imaging 

guidelines by using strategies beyond providing information or instructions on how to 

perform the behaviour. A description of the study identification based on the search by 

Hall et al. (76) and the study selection process is outlined in a modified PRISMA flow 

diagram (Figure 3.1).  

 



 41 

Figure 3.1 PRISMA flow diagram 
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From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit: http://www.prisma-statement.org/
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3.6.1 Description of study characteristics 

A description of the study characteristics can be found in Table 3.3. Included studies were 

published between 1987-2021 and were conducted in the United States (US) (n=15) (87-

101), the United Kingdom (UK) (n=6) (102-106), Australia (n=3) (107-109), Canada 

(n=2) (110, 111), and the Netherlands (n=1) (112). Study designs included randomised 

controlled trials (RCT)/cluster RCTs (n=11) (88, 94, 96, 98, 102-105, 107, 112), 

uncontrolled before-after (UBA) (n=9) (90-93, 99, 100, 106, 108, 111), interrupted time-

series (ITS) (n=5) (89, 95, 97, 109, 110), and controlled before-after (CBA) (n=2) (87, 

101). Data extraction for three studies (107, 109, 112) was supplemented by previously 

published protocols or additional publications related to the study. Sixteen (59%) of the 

included studies tested single-component interventions (87-95, 102, 103, 107, 110-112). 

Eleven (41%) of the included studies tested multiple-component interventions, ranging 

from 2 to 4 intervention components (96-101, 104-106, 108, 109). A total of 50 

intervention components were identified. Intervention components tested in the studies 

included providing guidelines or other educational material (n=12) (87, 96, 99, 101, 103-

106, 108, 109), audit and feedback (n=10) (97, 98, 101, 102, 104-106, 108, 109, 112), 

education sessions (n=7) (87, 90, 99, 104, 106-108), clinical decision support tools (n=7) 

(92, 93, 97, 98, 101, 109, 111), change in imaging requisition process (n=4) (95, 100, 

102, 106), peer-to-peer consultation (n=3) (97, 99, 100), change in reporting of imaging 

findings (n= 2) (91, 94), policy change (n=2) (89, 110), training on a specific skill (e.g. 

delivering patient-centred care) (n=1) (88), precommitment to following a guideline (n=1) 

(96), and reminders (e.g., for precommitment to following a guideline) (n=1) (96). The 
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remainder of the results will discuss reporting of fidelity strategies used at the 

intervention component (n=50) level. 
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Table 3.3 Study characteristics 
Author (year) 
Country 
Study design 

Intervention: components, provider, 
dose 

Enhancement strategies reported Assessment strategies reported 
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Single component interventions 
Fine (2017) 
Canada 
ITS 

Component: Policy change. Provider: 
Government. Dose: Once. 

          

Fenton (2016) 
USA 
RCT 

Component: Patient-centred care skill 
training. Provider: Standardised patient 
instructors. Dose: 10 minutes, 1 session.           

French (2013) 
Australia 
Cluster RCT 

Component: Educational workshops. 
Provider: Research team. Dose: 2 
sessions, 3 hours each.           

Winkens (1995) 
NL 
Cluster RCT 

Component: Audit and feedback. 
Provider: Internal medicine specialist. 
Dose: 5 times over 2.5 years.           

Graves (2018) 
USA 
ITS 

Component: Policy change. Provider: 
Government. Dose: Once. 

          

Robling (2002a) 
UK 
Cluster RCT 

Component: Change in MRI request. 
Provider: Radiology department. Dose: 
Every MRI requisition.           

Robling (2002b)* 
UK 
Cluster RCT 

Component: Seminar guideline 
dissemination. Provider: Study team. 
Dose: Once.           

Component: Audit and feedback. 
Provider: Study team. Dose: Once. 
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Author (year) 
Country 
Study design 

Intervention: components, provider, 
dose 

Enhancement strategies reported Assessment strategies reported 

D
es

ig
n 

Tr
ai

ni
ng

 

D
el

iv
er

y 

R
ec

ei
pt

 

En
ac

tm
en

t 

D
es

ig
n 

Tr
ai

ni
ng

 

D
el

iv
er

y 

R
ec

ei
pt

 

En
ac

tm
en

t 

Oakeshott (1994) 
UK 
Cluster RCT 

Component: Postal guideline 
dissemination. Provider: Study team. 
Dose: Once.           

Wang (2018) 
USA 
UBA 

Component: Educational session. 
Provider: Study team. Dose: 1 session, 1 
hour. 

          

Wang (2021) 
USA 
CBA 

Component: Guideline dissemination.  
Provider: Study team. Dose: Once for 
continued use. 

          

Component: Educational session. 
Provider: Study team. Dose: 1 session, 1 
hour. 

          

Fried (2018) 
USA 
UBA 

Component: Epidemiologic statement 
insertion. Provider: Study team. Dose: 
Every imaging report. 

          

Solberg (2010) 
USA 
UBA 

Component: Electronic decision support 
system. Provider: Electronic health 
record 
Dose: Every MRI requisition.           

Chen (2020) 
USA 
UBA 

Component: Clinical decision support 
tool. Provider: Electronic medical 
record. Dose: Every imaging requisition. 
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Author (year) 
Country 
Study design 

Intervention: components, provider, 
dose 

Enhancement strategies reported Assessment strategies reported 
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Jarvik (2020) 
USA 
Stepped wedge 
RCT 

Component: Epidemiologic statement 
insertion. Provider: Study team. Dose: 
Every imaging report. 

          

Min (2017)** 
Canada 
UBA 

Component: Clinical decision support 
tool. Provider: Automated through 
physician order entry system. Dose: 
Every imaging requisition.           

Baker (1987) 
USA 
ITS 

Component: Order form change. 
Provider: Not specified. Dose: Every x-
ray requisition. 

            

Multi-component interventions 
Kullgren (2018) 
USA 
Stepped wedge 
cluster RCT 

a) Component: Precommitment to best 
practice recommendation. Provider: 
Study team. Dose: Once. 
 
b) Component: Post-it reminder of 
precommitment. Provider: Medical 
assistants. Dose: Every patient with 
LBP. 
 
c) Component: Patient education 
handout. Provider: Medical assistants. 
Dose: Every patient with LBP. 
 
d) Component: Links to resources. 
Provider: Study team. Dose: Weekly.           
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Author (year) 
Country 
Study design 

Intervention: components, provider, 
dose 

Enhancement strategies reported Assessment strategies reported 
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Lin (2016) 
Australia 
UBA 

a) Component: Education workshops. 
Provider: Research team. Dose: 2 
sessions, 2-3 hours each. 
 
b) Component: Audit and feedback. 
Provider: Research team. Dose: Once. 
 
c) Component: Clinical tools. Provider: 
Research team. Dose: Once.           

Ip (2014) 
USA 
ITS 

a) Component: Real-time clinical 
decision support. Provider: 
Computerised physician order entry 
(CPOE) system.  
Dose: Every MRI requisition. 
 
b) Component: Peer-to-peer telephonic 
consultation. Provider: Radiologist or 
internist. Dose: Each time physician 
ignored a “not indicated” CDS alert. 
 
c) Component: Audit and feedback. 
Provider: Research team. Dose: 
Quarterly           
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Author (year) 
Country 
Study design 

Intervention: components, provider, 
dose 

Enhancement strategies reported Assessment strategies reported 
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Eccles (2001) 
UK 
Cluster RCT 

a) Component: Postal guideline 
dissemination. Provider: GPs and 
consultant radiologists. Dose: Once. 
 
PLUS EITHER 
 
b) Component: Audit and feedback. 
Provider: Research team. Dose: Twice. 
 
OR 
 
b) Component: Educational reminder 
messages. Provider: Radiology 
department. Dose: Every x-ray 
requisition.           

Kerry (2000) 
UK 
Cluster RCT 

a) Component: Postal guideline 
dissemination. Provider: Study team. 
Dose: Twice. 
 
b) Component: Audit and feedback. 
Provider: Study team. Dose: Once.           
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Author (year) 
Country 
Study design 

Intervention: components, provider, 
dose 

Enhancement strategies reported Assessment strategies reported 
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Morgan (2019) 
Australia 
ITS 

a) Component: Audit and feedback. 
Provider: Study team. Dose: Once.  
 
b) Component: Symptom self-
management prescription pad. Provider: 
National Prescribing Service 
MedicineWise. Dose: Ongoing. 
 
c) Component: Online decision support 
tool. Provider: Study team in 
collaboration with research institute. 
Dose: Ongoing.           

Zafar (2019) 
USA 
Cluster RCT 

a) Component: Audit and feedback. 
Provider: Study team. Dose: Every 4-6 
months for 2 years. 
 
b) Component: Real-time clinical 
decision support. Provider: Study team. 
Dose: Every MRI requisition for 2 years.           
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Author (year) 
Country 
Study design 

Intervention: components, provider, 
dose 

Enhancement strategies reported Assessment strategies reported 
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Klein (2000) 
USA 
UBA 

a) Component: Guideline dissemination. 
Provider: Multidisciplinary team of 
practitioners. Dose: Once. 
 
b) Component: Education sessions. 
Provider: Multidisciplinary team of 
practitioners. Dose: Not specified. 
 
c) Component: Clinical champion. 
Provider: Rheumatologist. Dose: As 
needed.           

Powell (2019) 
USA 
UBA 

a) Component: Nondenial prior 
authorisation. Provider: Computerised 
program. Dose: Every imaging 
requisition. 
 
b) Component: Peer-to-peer 
consultation. Provider: Consulting 
radiologist. Dose: Every imaging 
requisition when requested by prior 
authorisation program.           
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Author (year) 
Country 
Study design 

Intervention: components, provider, 
dose 

Enhancement strategies reported Assessment strategies reported 
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Freeborn (1997) 
USA 
CBA 

a) Component: Postal guideline 
dissemination. Provider: Study team. 
Dose: Once. 
 
b) Component: Audit and feedback. 
Provider: Study team. Dose: Three 
times. 
 
c) Component: Clinical decision support 
tool. Provider: Study team. Dose: Once.           

Tracey (1994) 
UK 
UBA 

a) Component: Audit and feedback. 
Provider: Study team. Dose: Once. 
 
b) Component: Educational session. 
Provider: Study team. Dose: Once. 
 
c) Component: Guidelines provided. 
Provider: Study team. Dose: Once. 
 
d) Component: Change to radiography 
request process. Provider: Radiology 
department. Dose: Every radiography 
requisition.           
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Author (year) 
Country 
Study design 

Intervention: components, provider, 
dose 

Enhancement strategies reported Assessment strategies reported 
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Abbreviations: ITS interrupted time series; RCT randomised controlled trial; UBA uncontrolled before-after; CBA controlled before-after; 
UK United Kingdom; USA United States of America; NL Netherlands; GP general practitioner; LBP low back pain; MRI magnetic 
resonance imaging; CDS clinical decision support 
 
Notes: *A third intervention combined the two interventions described in this table. To avoid duplication, this study was considered to test 
a single component intervention, with the same intervention fidelity components; **Additional educational material described in the study 
were not considered part of the intervention, as the implementation of those materials were not tested by the study authors. 
 
Legend: 
1 or more strategy was reported in the 
study 

 No strategy was reported in the 
study 

 Strategy was not applicable to the 
study 
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3.6.2 Frequency of strategies to enhance or assess intervention fidelity 

After applying the NIHBCC checklist to evaluate the reported use of recommended 

strategies to enhance or assess fidelity of each intervention component, we found at least 

one strategy to enhance or assess fidelity was used in all 50 intervention components; 

therefore, all intervention components were included in the quantitative synthesis of 

fidelity reporting. A detailed table describing the reporting of all (applicable) strategies to 

enhance or assess fidelity listed in the NIHBCC checklist for all 50 intervention 

components can be found in Appendix 5. 

 

3.6.3 Enhancement strategies used 

Strategies to enhance fidelity to study design were reported for all intervention 

components; however, a “high” level of fidelity reporting (i.e., reporting ≥80% of all 

applicable fidelity strategy items) was found in only 4% (2/50) of intervention 

components. Of the 17 intervention components where fidelity to provider training was 

applicable, no strategies to enhance fidelity were reported in 76.5% (13/17) of 

intervention components, while a “low” level of fidelity reporting (i.e., reporting ≤50% of 

all applicable fidelity strategy items) was found for the remaining 23.5% (4/17) of 

intervention components. A “high” level of reporting strategies to enhance fidelity to 

intervention delivery was found for 22% (11/50) intervention components, while no 

strategies to enhance fidelity were used in 44% (22/50) of intervention components. No 

strategies to enhance fidelity to intervention receipt were reported in 74% (37/50) of 

intervention components, while a “low” level of fidelity reporting was found for 24% 
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(12/50) of intervention components. Of the five intervention components where fidelity to 

intervention enactment was applicable, no strategies to enhance fidelity to intervention 

enactment were reported in any of the intervention components. A summary of the degree 

to which fidelity enhancement strategies were reported within each domain (ranging from 

“none” to “high” levels of reporting for an intervention component) is presented in Table 

3.4. Examples of strategies used to enhance fidelity to each of the NIHBCC fidelity 

domains are presented in Table 3.5. 

 

Domain: Study design 

This domain has 16 recommended strategies for enhancing intervention fidelity. The 

recommended enhancement strategies include having an a priori specification of the 

intervention and comparator dose and ensuring that theory or rationale is adequately 

reflected in the intervention. For the intervention components included in our study, the 

most commonly reported (>50% of intervention components) enhancement strategies 

used were: providing an adequate description of the intervention dose (number of contacts 

(98%), content of intervention (92%), duration of intervention (73%)); providing an 

adequate description of the comparison intervention dose when applicable (number of 

contacts (100%), content of intervention (89%), duration of contact (100%), ensuring the 

dose was equivalent between conditions (100%)); specifying provider credentials 

required (53%); using measures that reflect the hypothesised theoretical constructs 

(100%); identifying potential confounders limiting the study conclusions (74%); and 

describing all interventions completely if there was more than one intervention (71%). 
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Only four intervention components (8%) (from two studies), specified and incorporated 

the active ingredients into the intervention. 

 

Domain: Provider training  

This domain has four recommended strategies for enhancing fidelity to provider training, 

the purpose of which is to ensure that the providers of the intervention all receive 

standardised training. Fidelity to provider training was not applicable for 32/49 (65%) 

intervention components in our study as there were no components that involved 

interaction between individuals delivering the intervention and individuals receiving the 

intervention (e.g., automated electronic interventions, postal guideline dissemination). 

Provider training was applicable for 17 of the 50 intervention components included in our 

review; however, enhancement strategies for this domain were only reported in four 

(24%) intervention components and none of these achieved a “high” level of reporting 

fidelity strategy use. The most commonly reported enhancement strategy was the 

standardisation of provider training (e.g., with the use of a training manual); however, this 

was only reported in 13% of applicable intervention components. A plan that considered 

differences in education, experiences, and learning styles of trainees was not included in 

any of the intervention components. 

 

Domain: Intervention delivery 

This domain has four recommended strategies for enhancing fidelity to intervention 

delivery, the purpose of which is to ensure that the intervention content and dose were 

delivered as intended. At least one of the recommended enhancement strategies was 
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reported in 16/49 (33%) of the intervention components included in our study. The most 

commonly reported enhancement strategy was having a plan for how contamination 

between conditions (e.g., with clustering (85%)) will be prevented. A manual for 

intervention delivery was reported in only 4/20 (20%) intervention components. A plan to 

ensure that the dose and content of the intervention were delivered as intended was 

reported in only 13/50 (26%) and 15/50 (30%) intervention components respectively. A 

variety of strategies were used to ensure the content of the intervention was delivered as 

intended, with some strategies built into the design of the intervention (e.g., electronic 

decision support tools embedded in electronic health records with no option to override 

delivery, using a manual for delivery), while other strategies were used to monitor how 

the content was delivered to physicians (e.g., audio recording of physician encounters or 

in-person meetings with researchers). 

 

Domain: Intervention receipt 

This domain has three recommended strategies for enhancing fidelity to intervention 

receipt, the purpose of which is to ensure that the intervention includes strategies to 

improve the knowledge and skills of the participant during the intervention session. At 

least one of the recommended enhancement strategies was reported in 12/49 (24%) 

intervention components in our review. The most commonly reported enhancement 

strategy was having a mechanism to improve participant performance of the intervention 

skills (e.g., with role play or skill rehearsal) during the intervention period (60%); 

however, this was only applicable to five intervention components which were skills-

based. A strategy to improve the participant comprehension of the intervention (e.g., with 
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opportunities for consultation with peers or the research team, distribution of additional 

educational material) was reported in only 11/50 (22%) intervention components. 

Multicultural factors were not reported to be considered in the development and delivery 

of the intervention for any of the intervention components. 

 

Domain: Intervention enactment 

This domain has one recommended strategy for enhancing fidelity to intervention 

enactment, the purpose of which is to ensure that the intervention includes a strategy to 

improve the performance of the intervention skills in the settings in which the 

intervention might be applied. This enhancement strategy only applied to five 

intervention components included in our review, as they were the only ones which were 

skills-based. Of the intervention components where this enhancement strategy was 

applicable, this strategy was not reported in any of the intervention components. 
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Table 3.4 Frequency of reporting of strategies to enhance or assess fidelity 

Fidelity 
Domain 

Strategies to ENHANCE fidelity Strategies to ASSESS fidelity 
None 
% of 
intervention 
components 
with 0% 
reported  
applicable 
strategies 

Low 
% of 
intervention 
components 
with  
≤50% 
reported 
applicable 
strategies  

Moderate 
% of 
intervention 
components 
with  
51-79% 
reported 
applicable 
strategies 

High 
% of 
intervention 
components 
with  
≥80% 
reported 
applicable 
strategies  

None 
% of 
intervention 
components 
with 0% 
reported  
applicable 
strategies 

Low 
% of 
intervention 
components 
with  
≤50% 
reported 
applicable 
strategies  

Moderate 
% of 
intervention 
components 
with  
51-79% 
reported 
applicable 
strategies 

High 
% of 
intervention 
components 
with  
≥80% 
reported 
applicable 
strategies  

Design 0/50 
0% 

15/50 
30% 

33/50 
66% 

2/50 
4% 

44/50 
88% 

0/50 
0% 

0/50 
0% 

6/50 
12% 

Provider 
training 

13/17 
76.5% 

4/17 
23.5% 

0/17 
0% 

0/17 
0% 

16/17 
94.1% 

1/17 
5.9% 

0/17 
0% 

0/17 
0% 

Delivery 22/50 
44% 

16/50 
32% 

1/50 
2% 

11/50 
22% 

39/50 
78% 

10/50 
20% 

1/50 
2% 

0/50 
0% 

Receipt 37/50 
74% 

12/50 
24% 

1/50 
2.0% 

0/50 
0% 

46/50 
92% 

2/50 
4% 

0/50 
0% 

2/50 
4% 

Enactment 5/5 
100% 

0/5 
0% 

0/5 
0% 

0/5 
0% 

4/5 
80% 

0/5 
0% 

0/5 
0% 

1/5 
20% 

Frequency calculated as: Number of intervention components with 0%, ≤50%, 51-79%, or ≥80% reported applicable strategies / Total 
number of intervention components where the fidelity domain was applicable 
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Table 3.5 Examples of strategies to enhance intervention fidelity and proportion of strategies reported within applicable 
intervention components 

 Strategy (Enhance) Examples of strategies reported within studies 
D

es
ig

n 

Length of contact (intervention) 5/15 Information regarding intervention dosage was described in the manuscript text 
in the methods section. Number of contacts (intervention) 49/50 

Duration of contact (intervention) 31/42 
Content of intervention (intervention) 

46/50 
Information on the content of the intervention was described in either in the 
manuscript text (in the methods section), in a supplemental file, additional 
publication, or previously registered/published protocol. 

Length of contact (comparison) N/A No comparison intervention included a component that required a prolonged 
period of contact. 

Number of contacts (comparison) 9/9 Information on dosage and content of the comparison intervention was 
described in the text of the manuscript, in the methods section. Duration of contact (comparison) 2/2 

Content of intervention (comparison) 8/9 
Method to ensure dose is equivalent 
between conditions N/A The dosage of the intervention and comparison interventions were not meant to 

be equivalent for any intervention component. 
Method to ensure dose is equivalent 
within conditions  

4/8 

This strategy was used in 50% of applicable intervention components (4 
studies). The strategies to ensure intervention component dose were delivered 
as intended varied. For components that involved providing education to 
physicians, one strategy involved the intervention developers providing an 
education session script (with timings for each component of the education 
session) that education session facilitators could use to ensure they delivered all 
the content at the appropriate dose (88). Another strategy was having a 
recording of the education session so that physicians who missed the in-person 
education session received the same education session later (102, 107); 
however, it was not monitored if the recording was watched. Finally, one 
strategy was to use an automated approach so that the educational content was 
automatically included into lumbar spine imaging reports, ensuring that those 
who ordered imaging always received the educational content (94). 

Specification of provider credentials that 
are needed  9/17 

This strategy was used in 53% of applicable intervention components and was 
described in the text of the manuscript (in the methods section). The credentials 
that were needed were only related to professional background of the 
intervention providers (e.g., general practitioner, radiologist, allied health 



 60 

clinical backgrounds) and no further credentials were provided (e.g., special 
training, years of experience, etc.) (96, 97, 100, 102, 104, 107, 112). 

The active ingredients are specified and 
incorporated into the intervention 
 

4/50 

This strategy was used in 8% of intervention components (2 studies). This 
strategy required the use of a theoretical model to underpin the selection/choice 
of intervention components. The two studies that employed this strategy (107, 
108) both included a table linking the theory to the intervention component; 
however, neither included a logic model which would be best practice for this 
strategy.  
 
Although not supported by theory, in 17 studies (representing 24 intervention 
components), the choice of intervention components was supported with 
evidence from previous literature (87, 88, 91-94, 96, 98, 102, 104, 109, 111, 
112). The rationale for including one intervention component was based on the 
clinical experiences of the intervention developer (99). A change in government 
policy was the rationale for using one intervention component which tested a 
change in policy (89). Additionally, the authors of 3 studies (representing 5 
intervention components) provided only a hypothesis, without supporting 
rationale (90, 103, 109). 

Plan to ensure that the measures reflect 
the hypothesised theoretical 
constructs/mechanisms of action 4/4 

This strategy was deemed only applicable when the interventions were based on 
theory or the mechanisms of action were specified. In this case, the strategy was 
used in 100% of intervention components (2 studies). In both studies, the 
mechanisms of action as well as resulting clinical outcomes were planned to be 
measured at the physician-level, with one study using questionnaires (107) and 
another study using qualitative interviews (108). 

Potential confounders that limit the 
ability to make conclusions at the end of 
the trial are identified  

11/31 

This strategy was used in 36% of applicable intervention components (6 
studies). In these studies, confounders such as demographic differences were 
adjusted for in the statistical analysis (89, 91, 97, 100, 109, 110). 
 
In 7 studies (representing 12 intervention components), factors limiting the 
conclusions of the results were identified in the discussion section of the 
manuscript (87, 90, 92, 93, 101, 108, 111). 

Plan to address possible setbacks in 
implementation 2/48 This strategy was only used in 4% of the intervention components and was only 

used to address setbacks in provider training. In the two intervention 
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components where this strategy was used, audio or video recordings were 
available if providers could not attend the in-person training session (99, 107). 

If more than one intervention is 
described, all described equally well 5/7 

Information on the intervention and comparison intervention dosages were 
described in the same level of detail in the text of the manuscript (in the 
methods section). 

Tr
ai

ni
ng

 

Description of how providers will be 
trained 2/17 These strategies were only used in 12% of intervention components (1 study) 

where provider training was applicable. In this study, a description of provider 
training was provided in the methods section of the manuscript, describing the 
role of the intervention provider (i.e., the medical assistants in this study) and 
the training session that was provided to them. To standardize the training 
dose/timing and content, a training manual was used (and provided as a 
supplementary file) (96). 

Standardisation of provider training 

2/17 

Characteristics being sought in a 
treatment provider are articulated a 
priori. Characteristics that should be 
avoided in a treatment provider are 
articulated a priori. 

2/17 

This strategy was only used in 12% of the intervention components where 
provider training was applicable. In the two intervention components where this 
strategy was used, the professions of the intervention providers required were 
described in the text of the manuscript, primarily in the methods section (107, 
112). 

There is a training plan that takes into 
account trainees’ different education and 
experience and learning styles 

0/17 
This strategy was not reported in any of the studies where provider training was 
used. 

D
el

iv
er

y 

Method to ensure content of the 
intervention is delivered as specified 

15/50 

This strategy was used in 30% of intervention components (12 studies); 
however, there was a wide range of strategies used. First, there were strategies 
built into the design of the component itself. These strategies included having a 
standardised set of materials with specific content and instructions that 
providers could use when delivering intervention training to physicians (107) or 
by providing the intervention content in a standardised educational material that 
was provided to physicians via the study website (109) or during an initial study 
consultation (96). Additionally, for those components that involved a decision 
support tool, the tool was either embedded within the electronic image ordering 
system or information on when to order imaging was added to the existing 
paper image order form. In these studies, the content was designed to always be 
delivered in a standardised way at the time of ordering (92, 93, 95, 97, 98, 100). 
Second, there were strategies that involved the research team monitoring how 
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the intervention content was delivered to physicians via audio-recording 
training sessions and providing feedback to providers about content delivery 
(88), in-person meetings with physicians to see if they had received the content 
(101), or checking imaging reports (via text matching) to ensure the new 
intervention content was embedded into report as intended (94).  

Method to ensure dose of the 
intervention is delivered as specified 

13/50 

This strategy was used in 26% of intervention components (11 studies). Four 
studies used an electronic decision support tool with automated delivery of the 
tool to ensure the dose of the tool was always delivered through the electronic 
medical record, with no option to override the decision support tool (92, 93, 98, 
100). One study used an automated process to ensure that an epidemiologic 
statement was always inserted on each imaging report (94). One study which 
included a communication skills training session used audio recording of the 
training sessions, which were then reviewed by the research team to ensure the 
correct dose and content of the sessions were delivered as intended (88). 
Different forms of reminders were used by 2 studies. In one study, which had 
an education session for physicians, a detailed session plan with timing and 
content information was used to help (and act as a reminder for) the education 
session providers to deliver the session as intended (107). In another study 
testing new imaging requisition forms with restricted indications for imaging, 
physicians were strongly encouraged to use the new imaging requisition form 
(acting as a reminder) to ensure the appropriate delivery of the intervention (i.e., 
for every imaging requisition) (95). Another strategy used by 2 studies to ensure 
the dose of the intervention was delivered as specified was monitoring. In one 
study, the rates of educational message attachment to imaging reports were 
checked (104), and in another study involving the delivery of guidelines and 
feedback, questionnaires were sent to the physicians to ensure the intervention 
was delivered as intended (101). In one intervention component which used 
precommitment to use the intervention, signing the precommitment form was 
enough to ensure the dose of the intervention (i.e., precommitment information) 
was delivered (96). 

Use of treatment manual 
4/20 

This strategy was used in 20% of applicable intervention components (2 
studies). In both studies where this strategy was applicable, the treatment 
manual was provided in an additional study (107) or supplementary file (96). 
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There is a plan for how contamination 
between conditions will be prevented 

18/21 

This strategy was used in 86% of applicable intervention components (11 
studies). In eight randomised controlled trials, the most common method used 
to prevent contamination between conditions was to use clustering in the study 
design (94, 98, 102-105, 107, 112). Clustering was also used in one controlled 
before-after study (101). In an uncontrolled before-after study, the study period 
was selected to avoid the preparation or acclimatization periods immediately 
before or after the implementation of the intervention (92). 

R
ec

ei
pt

 

There are specification of strategies that 
will be used to improve participant 
comprehension of the intervention 

11/50 

This strategy was used in 22% of intervention components (9 studies). The 
strategy most commonly used to improve physician comprehension of the 
intervention was to provide an opportunity for consultations with peers or the 
research team (97, 100, 101). In 2 studies using education sessions, question 
and answer sessions were held at the end of education session to improve 
physician comprehension (102, 107). For some intervention components 
consisting of electronic clinical decision supports, educational material on 
current guidelines was provided to physicians to increase their understanding of 
why imaging should not be ordered (98, 111). For an audit and feedback 
intervention component, educational messages and points for reflection based 
on clinical guidelines and current evidence were provided as part of the 
feedback (109). In another audit and feedback intervention component, 
questions related to the feedback were encouraged (102). In a guideline 
dissemination intervention component, a summary was provided to preface the 
guideline (99).  

A strategy will be used to improve 
subject performance of intervention 
skills during the intervention period 3/5 

This strategy was only applicable to skills-based intervention components and 
was used in 60% of these types of intervention components. Within these 
intervention components, participants were able to practice skills through role 
play (88), skill rehearsal (108), and simulated patient scenarios (107). 

Multicultural factors considered in the 
development and delivery of the 
intervention (e.g., provided in native 
language; protocol is consistent with the 
values of the target group) 

0/50 

This strategy was not used in any intervention components. 



 64 

En
ac

tm
en

t A strategy will be used to improve 
performance of the intervention skills in 
settings in which the intervention might 
be applied 

0/5 

This strategy was not used in any intervention components where intervention 
enactment was applicable. 

Legend 
Strategy reported in 0% of intervention components 
Strategy reported in ≤50% of intervention components 
Strategy reported in 51-79% of intervention components 
Strategy reported in ≥80% of intervention components 
Strategy not applicable to any intervention components 
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3.6.4 Assessment strategies used 

No strategies to assess fidelity to study design were reported in most intervention 

components (88%, 44/50), while “high” level of fidelity reporting was found for the 

remaining 12% (6/50) of intervention components. Of the 17 intervention components 

where fidelity to provider training was applicable, no strategies to assess fidelity were 

reported in 94.1% (16/17) of intervention components. No strategies to assess fidelity to 

intervention delivery were reported in 78% (39/50) of intervention components, while a 

“low” level of fidelity reporting was found for 20% (10/50) of intervention components. 

No strategies to assess fidelity to intervention receipt were reported in 92% (46/50) of 

intervention components, while a “high” level of fidelity reporting was found in only 4% 

(2/50) of intervention components. Of the five intervention components where fidelity to 

intervention enactment was applicable, no strategies to assess fidelity were reported in 

80% (4/5) of intervention components, while a “high” level of fidelity reporting was 

found in 20% (1/5) of intervention components. A summary of the degree to which 

fidelity assessment strategies were reported within each domain (ranging from “None” 

reported to “high” levels of reporting for an intervention component) is presented in 

Table 3.4. Examples of strategies used to assess fidelity to each of the NIHBCC fidelity 

domains are presented in Table 3.6. 

 

Domain: Study design 

The domain has one recommended strategy for assessing intervention fidelity – using 

experts or protocol review groups to determine if the intervention protocol reflected the 
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underlying theoretical model. This assessment strategy was reported in only 6/49 (12%) 

intervention components. 

 

Domain: Provider training 

This domain has three recommended strategies for assessing fidelity to provider training, 

the purpose of which is to assess if providers have been adequately trained in delivering 

the intervention. Provider training was applicable for 17 of the 50 intervention 

components included in our review; however, assessment strategies for this domain were 

reported in only one (6%) intervention component (assessing and monitoring provider 

skill maintenance over time). 

 

Domain: Intervention delivery 

This domain has five recommended strategies for assessing fidelity to intervention 

delivery, the purpose of which is to assess if providers actually delivered the intervention 

as planned. At least one of the recommended assessment strategies was reported in 22/49 

(45%) intervention components. The most commonly reported assessment strategy was 

having a mechanism to assess if the provider actually adhered to the intervention plan 

(e.g., with audio recordings or self-reported checklists), or for computer delivered 

interventions, a method to assess participants’ contact with the information (e.g., using 

automation to ensure the intervention was always delivered). However, this was only 

reported in 18.37% of intervention components. A plan for the assessment of whether or 

not proscribed components (e.g., components that are unnecessary or unhelpful) were 
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delivered was not reported in any intervention components, nor was an a priori 

specification of intervention fidelity reported in any intervention components. 

 

Domain: Intervention receipt 

This domain has two recommended strategies for assessing fidelity to intervention 

receipt, the purpose of which is to ensure that the intervention includes strategies to assess 

the knowledge and skills of the participants during the intervention session. At least one 

of the recommended assessment strategies was reported in only 4/49 (8%) intervention 

components (having an assessment of the degree to which participants understood the 

intervention). For the five intervention components which were skills-based intervention 

components, the ability of the participant to perform the intervention skills during the 

intervention period was not reported to be assessed in any of the intervention components. 

 

Domain: Intervention enactment 

This domain has one recommended strategy for assessing fidelity to intervention 

enactment, the purpose of which is to assess participant performance of the intervention 

skills in the settings in which the intervention might be applied. This assessment strategy 

only applied to five intervention components, as they were the only ones which were 

skills-based and was reported in only one intervention component. 
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Table 3.6 Examples of strategies to assess intervention fidelity and proportion of strategies reported within applicable 
intervention components 

 Strategy (Assess) Examples of strategies reported within studies 
D

es
ig

n 

Use of experts or protocol review group to 
determine whether the intervention protocol reflects 
the underlying theoretical model or clinical 
guidelines 

6/50 

This strategy was used in 12% of intervention components (6 
studies), in a variety of ways. The intervention developers of 
two studies validated their intervention with experts or end 
users (109, 112). Where theory was used to inform the 
intervention, an expert group was used to determine which 
behaviour change techniques should be chosen and to check 
if the proposed content was likely relevant and helpful (107). 
An expert group was used in another intervention to confirm 
the problem definition and appropriateness of the 
intervention (111). Key informant interviews were conducted 
to assess and refine the intervention (88). In a study 
assessing a policy change, a government department was 
used to determine the appropriateness of the intervention 
(89). 

Tr
ai

ni
ng

 

Assessment of provider skill acquisition 0/17 This strategy was not reported in any of the studies where 
provider training was applicable. 

Assessment and monitoring of provider skill 
maintenance over time 

1/16 

This strategy was only used in 6% of intervention 
components (1 study) where provider training was 
applicable. In a skills training program, corrective feedback 
was provided to instructors after intervention developers 
listened to audio recordings from the training program (88). 

At the hiring stage, assessment of whether or not 
there is a good fit between the provider and the 
intervention 

0/12 
This strategy was not reported in any of the studies where 
provider training was applicable. 

D
el

iv
er

y 

Mechanism to assess if the provider actually 
adhered to the intervention plan or in the case of 
computer delivered interventions, method to assess 
participants’ contact with the information 10/50 

This strategy was used in 20% of intervention components (8 
studies). Audio recordings or self-reported checklists of the 
intervention sessions were used in two studies to assess if the 
intervention was delivered as intended (88, 107). In some 
studies, where education or information was provided, 
questionnaires were used to assess if participants 
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remembered receiving the intervention (101, 105). For one 
intervention using an electronic clinical decision support 
tool, information on the number of times physicians were 
overriding the decision support tool and their rationale for 
overriding the clinical decision support tool was collected 
(93). For another intervention using an automated electronic 
decision support tool, the automated process was created in a 
way where physicians would always have contact with the 
information (97). In an intervention where the imaging 
requisition order form was changed, the rate of non-
compliance to using the form was measured (95). In one 
intervention component which used precommitment to use 
the intervention, signing the precommitment form was 
enough to assess the participants’ contact with the 
information (i.e., precommitment information) (96). 

Assessment of nonspecific treatment effects 

2/15 

This strategy was used in 13% of applicable intervention 
components. In both intervention components where this 
strategy was used, audio recordings of the intervention 
sessions were used (88, 107). 

There is a plan for the assessment of whether or not 
the active ingredients were delivered 

2/50 

This strategy was only used in 4% of intervention 
components (2 studies). One study assessed both the 
observed adherence to planned behaviour change techniques 
delivery and the variation in delivery of the behaviour 
change techniques across different facilitators and sessions 
(107). In another study, the electronic system inputting 
intervention text to imaging reports was queried with text 
matching to ensure that the imaging reports contained the 
correct text (94). 

There is a plan for the assessment of whether or not 
proscribed components were delivered (e.g., 
components that are unnecessary or unhelpful) 

0/50 
This strategy was not used in any intervention components. 

There is an a priori specification of intervention 
fidelity 0/50 This strategy was not used in any intervention components. 
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R
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There is an assessment of the degree to which 
participants understood the intervention 

4/49 

This strategy was only used in 8% of applicable intervention 
components (2 studies). In an intervention consisting of an 
educational session, there were pre- and post-workshop 
questions based on the content of the intervention (107). In 
another multi-component intervention, interviews with 
participants were conducted where they were asked to reflect 
on the intervention strategies used, and to report whether any 
changes had occurred as a result of the intervention (108). 

The participants’ ability to perform the intervention 
skills will be assessed during the intervention 
period 

0/5 
This strategy was not used in any of the skills-based 
intervention components. 

En
ac

tm
en

t Participant performance of the intervention skills 
will be assessed in settings in which the 
intervention might be applied 1/5 

This strategy was only applicable to skills-based intervention 
components and was used in 20% of intervention 
components. In a skills training program, standardised 
patient encounters were completed after the training program 
to assess whether the study physicians continued to practice 
the skills they learned from the training program (88). 

Legend 
Strategy reported in 0% of intervention components 
Strategy reported in ≤50% of intervention components 
Strategy reported in 51-79% of intervention components 
Strategy reported in ≥80% of intervention components 
Strategy not applicable to any intervention components 
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3.6.5 Outcomes of intervention fidelity measurement 

Intervention fidelity outcomes, all within the NIHBCC domain of intervention delivery 

(Table 3.7), were reported in four intervention components (from four studies). No 

measurement of intervention fidelity was reported in the other four domains in any study. 

Eccles et al. (104) reported checking rates of message attachments for educational 

reminder messages as a method to ensure that the dose of the intervention was delivered 

as specified. The authors reported that the rate of attachment was almost 100% when 

educational reminder messages were attached electronically or by hand, but only 40% 

when an operator had to press a key to add the message. Kerry et al. (105) reported using 

a postal questionnaire to see if physicians remembered receiving guidelines which were 

distributed by post as a mechanism to assess physicians’ contact with the information. 

The authors reported that 92% of the physicians remembered receiving the guidelines. 

French et al. (107, 113) used audio recorded workshops and facilitator self-reported 

checklists at the end of an educational workshop to assess if the active ingredients of the 

intervention were delivered. The authors concluded that the observed adherence to the 

planned behaviour change techniques across all workshops was 79%, ranging from 33% 

to 100% per session. Fenton et al. (88) reported using a checklist during a skills training 

session in order to assess if the providers actually adhered to the intervention plan and to 

assess if the active ingredients were delivered; however, no fidelity outcomes were 

reported and the authors did not respond to a request for further clarification. 

 

Psychometric properties of intervention fidelity measurement 
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Only one study (French et al. (107, 113)) partially reported psychometric properties for 

their fidelity assessment. Observed adherence to the planned behaviour change techniques 

was assessed using audio recorded workshops transcribed verbatim and initially coded 

independently by two researchers. Coding results were discussed until agreement of at 

least 80% was established on the occurrence of the behaviour change techniques. One 

researcher coded remaining transcripts and a random check of 10% of the remaining 

coding was undertaken by the second researcher. At least 80% agreement on the 

occurrence of behaviour change techniques had to be confirmed. When comparing the 

self-reported adherence using checklists to the gold standard of observed adherence with 

audio recording the following parameters were determined: the sensitivity was 95% (95% 

CI 88%-98%), the specificity was 30% (95% CI 11%-60%), the positive predictive value 

of self-reported adherence was 92% (95% CI 84%-96%), and the negative predictive 

value was 43% (95% CI 16%-75%). The authors concluded that the workshop facilitators 

were able to accurately determine if a section of the workshop was delivered, but were 

less able to accurately determine if a section was not delivered.   
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Table 3.7 Outcomes and psychometric properties of intervention fidelity assessments/measures 
Author (year); 
Intervention 
component 

NIHBCC domain 
and fidelity 
strategy  

Assessment 
strategy/measurement 
used 

Reported validity Reported 
reliability 

Fidelity outcome 

Eccles (2001) 
Educational 
messages 

Delivery – Method 
to ensure that the 
dose of the 
intervention is 
delivered as 
specified 

Rates of message 
attachment checked 
regularly 

Not reported Not reported Attachment rate of was 
close to 100%, or was 
100%, in departments 
where messages were 
attached electronically. 
Attachment rate was 
100% in departments 
where messages were 
attached by hand. 
Attachment rate was 
around 40% in 
departments where an 
operator pressed a key 
to add the message. 
 

Kerry (2000) 
Guideline 
dissemination 

Delivery – 
Mechanism to 
assess if the 
provider actually 
adhered to the 
intervention plan or 
in the case of 
computer delivered 
interventions, 
method to assess 
participants’ contact 

Postal questionnaire 
to explore doctors’ 
attitudes to the 
guidelines 

Not reported Not reported 92% of general 
practitioners 
remembered receiving 
the guidelines 
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with the 
information 
 

French (2013) 
Educational 
workshop 

Delivery – There is 
a plan for the 
assessment of 
whether or not the 
active ingredients 
were delivered 

Audio recorded 
workshops transcribed 
verbatim 

Not reported Agreement of at 
least 80% was 
established on the 
occurrence of 
behaviour change 
techniques and the 
relevant text for 
each workshop 

Observed adherence to 
planned behaviour 
change techniques 
across all workshops 
was 79% overall, 
ranging from 33% to 
100% per session. 

Facilitator self-reported 
checklist completed at 
the end of the workshop 

Sensitivity of self-
reported adherence 
(facilitators correctly 
identifying when a 
section of a 
workshop did occur 
according to the 
‘gold standard’ of 
observed 
adherence): 95% 
(95% CI 88 to 98); 
Specificity (ability 
of the facilitators to 
correctly identify 
when a section of a 
workshop did not 
occur according 
to the observed 
adherence): 30% 
(95% CI 11 to 60). 
Positive predictive 
value of self-
reported adherence: 

Not reported 
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92% (95% CI 84 to 
96); Negative 
predictive value: 
43% (95% CI 16 to 
75). 
 

Fenton (2016) 
Training 
session 

Delivery – 
Mechanism to 
assess if the 
provider actually 
adhered to the 
intervention plan or 
in the case of 
computer delivered 
interventions, 
method to assess 
participants’ contact 
with the 
information 

Using standard 
checklists, a standard 
patient supervisor 
prospectively 
monitored fidelity by 
listening to audio 
recordings of selected 
standardised patient 
instructor and 
standardised patient 
visits, assessing role 
fidelity using a 
checklist 

Not reported Not reported Not reported (author 
could not be contacted) 
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3.7 Discussion 

 

This is the first review to comprehensively search the literature on the reporting of 

intervention fidelity within studies of interventions designed to change physician 

behaviour in reducing non-indicated imaging for LBP. We found 27 studies, with a total 

of 50 intervention components, used to target physician behaviour to reduce non-

indicated imaging for LBP. Commonly used intervention components included providing 

guidelines or other educational materials, audit and feedback, education sessions, and 

clinical decision support tools. While all studies reported using at least one strategy to 

enhance fidelity, most used less than 50% of the recommended strategies. The strategies 

reported most often were those to enhance fidelity to the study design (i.e., to ensure the 

observed effects for reducing non-indicated imaging could be attributable to the 

intervention) or to the delivery of the intervention (i.e., content and dose were delivered 

to the physicians as intended). The use of strategies to enhance if physicians actually 

received the intervention were rarely reported, and the use of strategies to enhance if they 

enacted the intervention skills in practice were never reported. The use of strategies to 

assess fidelity were reported infrequently across all domains, with the use of very few 

strategies reported in the domains of assessing fidelity to study design, provider training, 

or intervention receipt. Most of the assessment strategies identified were to assess fidelity 

to intervention delivery or enactment. Intervention fidelity was only explicitly measured 

within four intervention components, with three providing results on the assessments, and 

only one partially reporting on the psychometric properties of tools used to assess 
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intervention fidelity. Thus, while there seems to be some attention being paid to 

incorporate strategies to enhance intervention fidelity, there is much less attention paid to 

the assessment of fidelity and the use of valid or reliable methods to measure intervention 

fidelity. 

 

Strategies to enhance fidelity to study design were reported for most intervention 

components. A plan to ensure that the content and dose of interventions (and comparators 

if applicable) were clearly defined was included in most intervention components, which 

may impact how successful complex behaviour change interventions are introduced and 

scaled up (114). While most intervention developers had a rationale for testing the 

intervention components used in their studies, only two intervention components (from 

French et al. (107) and Lin et al. (108)) were based on theory. This indicates that most 

interventions that have been used to reduce non-indicated imaging for LBP have not been 

based on theoretical mechanisms of change. This may limit our ability to identify 

intervention components which are causally related to behaviours which would reduce 

non-indicated imaging for LBP (114).  

 

Strategies to enhance or assess fidelity in all other domains (i.e., provider training, 

intervention delivery, intervention receipt, and intervention enactment) were 

insufficiently reported. It is unknown if the providers delivering the intervention 

components to physicians to reduce non-indicated imaging for LBP were adequately 

trained. Previous research demonstrates that ensuring providers have the appropriate 

knowledge and expertise, together with strategies to enhance provider training (e.g., with 
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manuals), leads to higher rates of implementation success (115-117). With few or no 

strategies to enhance or assess fidelity to intervention delivery, receipt, and enactment in 

most studies, we are unsure if the intervention components were actually delivered and/or 

received by the physicians in these studies. 

 

3.7.1 Findings in context with existing literature 

Two previous reviews on the effectiveness of interventions to reduce non-indicated 

imaging, one for musculoskeletal conditions (28), and another for LBP in emergency care 

settings (73), found that information on intervention fidelity was rarely reported. When 

details on intervention fidelity were reported, it was usually only partially reported, 

reported for some domains of intervention fidelity (primarily intervention delivery), and 

did not describe how intervention fidelity was assessed. Since then, many new studies 

have been conducted on interventions to reduce non-indicated imaging for LBP, 

particularly in primary care settings. Based on the findings from our current systematic 

review, which used the NIHBCC fidelity framework to examine the reporting of 

intervention fidelity within these studies, many studies are still inadequately reporting the 

use of strategies to enhance intervention fidelity (if reported, mostly for fidelity to study 

design or intervention delivery) and most studies are still not reporting on strategies to 

assess intervention fidelity.  

 

The psychometric properties of methods used to actually measure intervention fidelity 

have previously been synthesised for complex, face-to-face health behaviour change 
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interventions (118). While the majority of studies did not report whether the measure used 

was developed on their own or previously developed, the majority of studies reported at 

least one psychometric property (i.e., related to validity or reliability). This finding 

contrasts with the findings of our review, as our review found that few studies actually 

measured intervention fidelity and only one study partially reported on the psychometric 

properties of the measurement tools used. 

 

3.7.2 Strengths  

Our analysis was guided by the widely used NIHBCC fidelity framework, as well as the 

validated NIHBCC fidelity checklist. We developed a codebook to use the NIHBCC 

fidelity checklist with a content expert who had experience in applying this checklist for 

other complex health behaviour change interventions. We also further developed the 

codebook with an iterative process, detailing all coding assumptions and rules as they 

related to the context of our studies and intervention components. This ensured 

consistency between coders during the initial 10% of studies, and ensured that the single 

coder for the remaining studies was able to consistently apply the coding assumptions and 

rules.  

 

3.7.3 Limitations 

While the search strategy used in the previous review by Hall et al. (76) was 

comprehensive, we did identify one study from hand-searching the reference lists. 

Therefore, it is possible that studies may have been missed by our search. The original 
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search was completed in 2021 and included protocol papers which may have now been 

published; therefore, an update of the search may be necessary. In the original NIHBCC 

fidelity checklist, study designs had to contain an experimental manipulation of treatment, 

although single-group designs and quasi-experimental designs were also included (47). 

The original NIHBCC fidelity checklist excluded interventions which focused on policy 

when it was developed and tested; however, we believe that intervention fidelity should 

also be reported for the implementation of policy interventions, so these were included in 

our review. When applying the NIHBCC fidelity checklist to these policy interventions, it 

is possible that certain items were coded in a way that was more conservative than 

intended by the developers of the NIHBCC fidelity checklist. Therefore, it is possible that 

we underestimated the reporting of strategies to enhance or assess intervention fidelity. 

When interpreting intervention fidelity scores, the cut-off categories used (e.g., “none” as 

0% reported applicable strategies, “low” as ≤50% reported applicable strategies, 

“moderate” as 51%-79% reported applicable strategies, and “high” as ≥80% reported 

applicable strategies) are based on previous literature (78) but are also somewhat 

arbitrary. However, these cut-offs are helpful in synthesising literature and may be helpful 

in comparing to previous or future literature on this topic. Our study only examined the 

reporting of strategies to enhance and assess intervention fidelity and not the actual use of 

strategies to enhance and assess intervention fidelity. While we tried to access any 

protocols, supplementary files, or additional publications mentioned in the primary study, 

we were unable to contact study authors for further clarification on the use of strategies to 

enhance and assess intervention fidelity. 

 



 81 

3.7.4 Implications for research 

Our study highlights the need for the reporting of strategies to enhance and assess 

intervention fidelity in the development of future interventions targeting physician 

behaviours to reduce non-indicated imaging for LBP. This review provides intervention 

developers with an overview of some strategies that have been used in other studies to 

enhance and assess intervention fidelity across the five intervention fidelity domains. 

Future research should also aim to determine which enhancement or assessment strategies 

are the most appropriate for certain types of interventions. Stakeholders involved in 

policy, funding, and health services research should also consider whether intervention 

fidelity was adequately reported and/or assessed as part of their decision-making process 

on whether or not an intervention should be implemented. 

 

Intervention fidelity has been recognised by various reporting guidelines as an important 

implementation outcome that plays a role in the interpretation of trial results (119, 120). 

Our review demonstrates that there has been poor reporting of strategies to enhance and 

assess intervention fidelity overall. Previous systematic reviews on the effectiveness of 

interventions to reduce non-indicated imaging for LBP have shown variable results of 

effectiveness (71-74). This suggests there may be an association between the use of 

strategies to enhance and assess intervention fidelity and the effectiveness of those 

interventions, which could be further explored.  

 

Our review also highlighted that intervention fidelity has rarely been measured within 

studies targeting physician behaviours to reduce non-indicated imaging for LBP, and in 
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the studies that did report on intervention fidelity, they were all within the domain of 

fidelity to study design. Further, the psychometric properties of the measurement tools 

used are largely unknown. Future studies should explore the psychometric properties of 

measurement tools for intervention fidelity and apply these measurement tools across all 

five intervention fidelity domains. 

 

3.8 Conclusion 

 

We conducted the first systematic review synthesising the reporting of intervention 

fidelity within studies of interventions targeting physician behaviours to reduce non-

indicated imaging for LBP. We found that of the 50 intervention components included in 

our review, most reported using either no strategies or few strategies to enhance or assess 

intervention fidelity within each of the five domains (study design, provider training, 

intervention delivery, intervention receipt, and intervention enactment). Intervention 

fidelity was only explicitly measured in four intervention components, with the 

psychometric properties of the assessment methods used only partially reported for one 

intervention component. This review highlights the need for increased use and reporting 

of strategies to enhance and assess intervention fidelity within future interventions 

developed to target physician behaviours to reduce non-indicated imaging for LBP. This 

will allow for a more complete interpretation of the effectiveness of these interventions. 
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Rebecca Lawrence assisted with coding of the interviews. Holly Etchegary reviewed the 

interview guide. Andrea Patey reviewed the codebook for analysis. Elaine Toomey 

reviewed the interview guide and codebook for analysis. Amanda Hall and Diana De 

Carvalho were involved with the overall interpretation of the data.  

 

4.2 Abstract 

 
Background: Non-specific low back pain (LBP) is a common condition presenting to 

primary care, where the inappropriate use of imaging for LBP remains common despite 

guideline recommendations against its routine use. Little is known about strategies to 

enhance intervention fidelity (i.e., whether interventions were implemented as intended) 

for interventions that have been developed to reduce non-indicated imaging for LBP.  

Objectives: To inform the development of an intervention to reduce non-indicated 

imaging among general practitioners (GP) and chiropractors in Newfoundland and 

Labrador, Canada, this study has two objectives: [1] To explore perceived barriers and 

enablers to enhancing fidelity of training of GPs and chiropractors to deliver a proposed 

intervention aimed at reducing non-indicated imaging for LBP and [2] To explore 

perceived barriers and enablers to enhancing fidelity of delivery of a proposed 

intervention aimed at reducing non-indicated imaging for LBP by GPs and chiropractors. 

Methods: This was an exploratory, qualitative study conducted with GPs and 

chiropractors in Newfoundland and Labrador. The interview guide was informed by the 

National Institutes of Health Behavior Change Consortium fidelity checklist, while data 



 85 

analysis was guided by the Theoretical Domains Framework. Data were analysed 

deductively (coding participant quotes into one or more domains) and inductively 

(generating belief statements at each domain) before domains relevant to enhancing 

fidelity of provider training or intervention delivery were identified. 

Results: Five GPs and five chiropractors working in both urban and rural settings 

participated in this study. Barriers and enablers to enhancing fidelity to provider training 

were related to seven TDF domains: [1] beliefs about capabilities, [2] optimism, [3] 

reinforcement, [4] memory, attention, and decision processes, [5] environmental context 

and resources, [6] emotion, and [7] behavioural regulation. Barriers and enablers to 

enhancing fidelity to intervention delivery were related to seven TDF domains: [1] beliefs 

about capabilities, [2] optimism, [3] goals, [4] memory, attention, and decision processes, 

[5] environmental context and resources, [6] social influences, and [7] behavioural 

regulation. 

Conclusion: Time was perceived as the largest barrier to attending training, while 

incentives and flexibility in the training were perceived as enablers to attending training. 

Patient pressure, time, and established habits were perceived as the largest barriers to 

delivering the intervention as intended, although there were some conflicting beliefs 

related to time and patient pressure. Participants suggested enhancement strategies that 

might improve their ability to deliver the intervention as intended, including reminders 

and regular check-ins with researchers. Overall, most participants perceived the concept 

of intervention fidelity as important. These results may aid in the development of a more 

feasible and pragmatic intervention to reduce non-indicated imaging for GPs and 

chiropractors in Newfoundland and Labrador. 
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4.3 Introduction 

 
Non-specific low back pain (LBP) is a common condition (121) defined as LBP where 

the pathoanatomical cause of pain cannot be determined (3, 4). Non-specific LBP likely 

develops from a complex interaction of biophysical, psychological, and social factors (2), 

and red flags indicative of specific spinal pathologies (e.g., fracture, infection, cancer), 

are typically not present in individuals who present with non-specific LBP in primary 

care (7). Clinical practice guidelines for the management of LBP (15) recommend against 

the use of routine diagnostic imaging in patients with non-specific LBP, and most only 

recommend imaging in the presence of red flags or if imaging would change a patient’s 

treatment plan (15).  

 

Despite relatively consistent guideline recommendations from around the world, the use 

of diagnostic imaging in primary care practices remains common (21, 22). Various 

interventions have been developed to improve the appropriate use of imaging for LBP, 

including education interventions for clinicians, audit and feedback, and clinical decision 

support tools (28, 29). However, the evidence of effectiveness for these interventions has 

been variable (28, 29). One reason for the variation in effectiveness across studies may be 

due to poor intervention fidelity, meaning that interventions may not have been delivered 

or implemented as intended (33, 34). 
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In health behaviour change research, intervention fidelity refers to “the methodological 

strategies used to monitor and enhance the reliability and validity of behavioural 

interventions” (45, 47). Knowledge of intervention fidelity can aid in the interpretation of 

the results of effectiveness trials (45). For example, if an intervention was found to be 

effective but implemented with low fidelity, the effectiveness results may have been due 

to unknown factors added to or omitted from the intervention. If an intervention was 

found to be ineffective and was also implemented with low fidelity, it would not be 

possible to determine if the intervention was actually ineffective, or if it was just not 

implemented as intended. 

 

The National Institutes of Health Behavior Change Consortium (NIHBCC) developed a 

framework for intervention fidelity, which includes five areas of fidelity: study design, 

training, delivery, receipt, and enactment (45). Fidelity to study design refers to the study 

being able to adequately test the hypothesis in relation to an underlying theoretical 

framework. Fidelity to provider training refers to the training provided to the people who 

will be implementing an intervention. Fidelity to intervention delivery refers to the actual 

delivery of the intervention by providers as intended by the intervention developers. 

Fidelity to intervention receipt refers to the ability of participants to understand and 

perform the skills delivered during the intervention session. Fidelity to intervention 

enactment refers to the ability of participants to understand and perform the skills in real-

life settings. The NIHBCC produced a validated checklist with strategies to enhance 

and/or assess intervention delivery within the five domains to accompany their 

intervention fidelity framework (35, 47). 
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Currently, little is known about intervention fidelity within studies of interventions aimed 

at reducing non-indicated imaging for LBP (28, 73). A multi-jurisdictional project aiming 

to test the effectiveness of a theory-informed intervention to reduce non-indicated 

imaging for LBP is being planned. The intervention will be adapted from a similar 

intervention developed using the Behaviour Change Wheel and the Theoretical Domains 

Framework (24). The intervention will consist of clinical education, a clinician-patient 

decision aid, and an educational booklet with reminders to indications for imaging and 

evidence-based, patient-specific management strategies. Exploring ways to enhance 

intervention fidelity in the early stages of intervention development can be a feedback 

mechanism to improve the main trial and can provide an opportunity to optimise the 

intervention and lead to a more accurate interpretation of the trial results (52, 53). 

Therefore, there is a need to find ways to enhance intervention fidelity during the design 

and development stage of this proposed intervention to reduce non-indicated imaging for 

LBP. 

4.4 Objectives 

 
This study had two objectives: 

[1] To explore perceived barriers and enablers to enhancing fidelity of training of general 

practitioners (GPs) and chiropractors to deliver a proposed intervention aimed at reducing 

non-indicated imaging for LBP.  
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[2] To explore perceived barriers and enablers to enhancing fidelity of delivery of a 

proposed intervention aimed at reducing non-indicated imaging for LBP by GPs and 

chiropractors. 

 

4.5 Methods 

 

4.5.1 Design 

We conducted an exploratory, qualitative interview study describing GPs’ and 

chiropractors’ perceived barriers and enablers to enhancing fidelity of training and 

delivery for a proposed intervention aimed at reducing non-indicated imaging for LBP. 

The perceived barriers and enablers were analysed using the TDF. This qualitative study 

was reported according to the COnsolidated criteria for Reporting Qualitative research 

(COREQ) checklist (Appendix 6). A protocol for this study was developed prior to the 

start of the study and submitted for publication (122).  

4.5.2 Participant selection 

Community-based GPs and chiropractors who held a license and were registered in the 

province of Newfoundland and Labrador (NL), Canada, were currently in practice (i.e., 

involved in direct patient care), and regularly managed patients with LBP were eligible 

for this study. Both GPs and chiropractors routinely manage patients with LBP and can 

order imaging, particularly radiographs, within the province. 
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Purposive snowball sampling was used to identify study participants. We chose this form 

of sampling to ensure a wide representation of participants from across NL. Participants 

were recruited through professional and research networks and associations across NL 

using email. At the end of each interview, participants were asked to identify an 

additional two people who may be interested in participating in the study. With all 

recruitment strategies, emphasis was placed on seeking GPs and chiropractors from both 

urban and rural regions of NL and on seeking participants who may have differing views 

or practice patterns to ensure a wide range of perspectives and to avoid premature 

saturation.  

 

Our sample size was informed by the principles for deciding saturation in theory-based 

interviews proposed by Francis et al. (123). We conducted and analysed a minimum of 10 

interviews to determine if we reached thematic saturation (i.e., the point where no new 

domains in the TDF were identified). A stopping criterion of three was used, meaning that 

if new domains were identified in the last three interviews, an additional three interviews 

would be conducted, up to a maximum of 20 interviews.  

4.5.3 Interview procedures 

Semi-structured interviews with open-ended questions were conducted by two members 

of the research team (DT and AP). One interviewer was a graduate student with limited 

experience in conducting interviews, and the other was a researcher trained in qualitative 

methods and interview techniques with over 15 years of experience. Both researchers 

have an interest in primary care and LBP research and one researcher (DT) is also a 
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practising chiropractor. Since participants were recruited through professional and 

research networks and associations that some of the research team members were 

members of, there was the possibility that some participants may have known the 

researchers prior to study commencement; however, participants only learned about the 

intentions and objectives of the interviews through the project information letter at the 

time of recruitment.  

 

Interviews were conducted over a videoconferencing platform, Cisco Webex (Cisco 

Systems, Milpitas, United States). The following demographic questions were collected at 

the start of the interview: profession (GP or chiropractor); practice location (urban or 

rural); and number of years in practice. The primary investigator (DT) then provided a 

brief presentation on intervention fidelity (what it is and why it is important), the aims of 

the interview, and proposed strategies to enhancing fidelity to provider training and 

delivery for the proposed intervention. All interviews were audio-recorded and 

transcribed verbatim. No additional researchers or observers were present during the 

interviews and field notes were not taken. 

 

4.5.4 Interview guide 

The interview guide (Appendix 7) was adapted from a previous study which aimed to 

develop an intervention fidelity protocol for an intervention to promote self-management 

for people with chronic LBP or osteoarthritis (53). The questions in our interview guide 

were also guided by the fidelity to provider training and intervention delivery components 



 92 

of a checklist of enhancement strategies developed by the NIHBCC (35). Participants 

were asked specifically about their thoughts on (including barriers and enablers) various 

strategies to enhance fidelity to provider training and intervention delivery for the 

proposed intervention. Content experts in qualitative research (HE), intervention fidelity 

(ET), and LBP were consulted to establish face validity of the interview guide. The 

interview guide was pilot tested with two participants and refined to include additional 

prompts.  

4.5.5 Data analysis 

Data analysis was guided by the Theoretical Domains Framework (TDF) (37), which 

contains 14 theoretical domains, covering 84 theoretical constructs (38). The TDF is a 

theoretical framework designed for the implementation of evidence-based practice (37) 

which has been used across health behaviour change research to identify influences (i.e., 

barriers and enablers) on the implementation of specific health behaviours (39). Data was 

analysed using a three-step process: [1] domain coding; [2] generating specific belief 

statements; and [3] identifying relevant domains (39).  

 

Domain coding 

The TDF was used as the coding framework to code and analyse the data. Prior to the 

start of coding, the primary investigator (DT) developed a codebook for each domain in 

the TDF (Appendix 8). The codebook was reviewed by another research team member 

experienced in coding interview data using the TDF (AMP). The codebook was also 

refined with the coding of additional interviews. Coding began after two interviews were 
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conducted. Interviews were coded using NVivo (V12, QSR International, Melbourne, 

Australia). Two coders (DT and RL) read the transcripts until they were familiar with the 

data prior to beginning coding. The reviewers independently coded participant responses 

into the relevant theoretical domain(s). The coders met for consensus after coding each 

interview and a third member of the research team (AP) was consulted if discrepancies 

persisted. 

 

Generating specific belief statements 

One coder (DT) generated statements representing the key message of each response (i.e., 

a specific belief). The list of specific beliefs was reviewed by another member of the 

research team (AP) for completeness and accuracy.  

 

Identifying relevant domains 

One coder (DT) identified the domains representing key barriers and enablers to 

enhancing fidelity to provider training or intervention delivery of the proposed 

intervention. The domains most likely representing perceived barriers and enablers were 

identified through considering the frequency of the belief statements, the presence of 

conflicting beliefs (i.e., participants reporting mixed views for a particular strategy to 

enhance fidelity to provider training or intervention delivery), and the perceived strength 

of the impact a belief may have on enhancing fidelity to provider training and 

intervention delivery (i.e., participants expressing beliefs they were particularly vocal 

about determined by length of participant quote or the use of emphatic or emotional 

speech) (39, 40). Using these criteria, the research team decided to take a more 
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conservative approach to considering domains as non-relevant. We determined that 

domains were non-relevant if no participant quotes were coded to that domain, or if only 

one participant expressed this belief and the perceived strength of this belief was low 

(identified by less text and if they did not demonstrate any emphatic or emotional 

speech). The relevant and non-relevant domains were checked by another member of the 

research team (AP). 

 

4.5.6 Deviations from protocol 

The current study explored the perceived barriers and enablers to enhancing fidelity to 

provider training and intervention delivery. The study did not explore perceived barriers 

and enablers to assessing fidelity to provider training and intervention delivery, as 

assessment strategies were beyond the scope of the current study’s objectives. Therefore, 

responses to questions in the interview guide related to assessment strategies were not 

coded or reported for this study but will be analysed as part of a larger project on 

intervention fidelity. The protocol also described the use of the “other” domain to code 

participant quotes that did not reflect barriers or enablers related to enhancing fidelity to 

provider training and intervention delivery. Responses in this domain related to the 

participants’ general perception of the intervention material or perceived acceptability of 

the intervention, which was beyond the scope of this current study. Therefore, responses 

coded in the “other” domain were not reported in the current study and will be analysed 

as part of a larger project on intervention fidelity. Lastly, Fleiss’ kappa was not used 
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during coding. As described in the protocol, coders always coded to consensus and 

resolved any discrepancies through discussion.  

4.5.7 Ethics 

This study received ethics approval from the Newfoundland and Labrador Health 

Research Ethics Board (HREB #2020.299) (Appendix 9). Verbal consent was obtained 

and documented at the start of the interview. Completion of the interview implied that the 

participant consented to the entire interview and that consent was not withdrawn during 

this period. 

 

4.6 Results 

 

4.6.1 Participants 

We conducted interviews with 10 participants (five GPs, five chiropractors), which was 

when data saturation was reached. Five participants practised in an urban setting (three 

GPs, two chiropractors), while five participants practised in a rural setting (two GPs, three 

chiropractors). The participants were in practice for an average of 13 years (range 1 – 32 

years). No participants refused to participate or dropped out of the study. All interviews 

were conducted through videoconferencing with the participants either at home or in their 

clinics. Interviews took between 50 to 65 minutes. No repeat interviews were carried out 

and transcripts were not returned to participants for comments or correction. Participant 

checking was not performed. 
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4.6.2 Barriers and enablers to enhancing fidelity of provider training 

The proposed intervention involves asking GPs and chiropractors to use an educational 

booklet with a clinician-patient decision aid, reminders of indications for imaging for 

non-specific LBP, and suggestions for providing evidence-based, patient-specific self-

management strategies. To ensure the GPs and chiropractors understand the intervention 

and feel confident in delivering it as intended, a training session is proposed. The training 

session, which we were interested in getting feedback on, includes strategies to enhance 

learning, such as role play, using a participant training manual, and potential booster 

sessions. Specific to the domain of intervention fidelity related to provider training, we 

aimed to understand the barriers and enablers to the behaviour of attending the training 

session, followed by the behaviour of participating in the different training session 

strategies. As such, the barriers and enablers to both behaviours are described separately.  

 

Relevant domains 

Our analysis revealed various barriers and enablers to attending training related to the 

following domains: [1] beliefs about capabilities, [2] optimism, [3] reinforcement, [4] 

memory, attention, and decision processes, [5] environmental context and resources, [6] 

emotion, and [7] behavioural regulation. The specific beliefs with illustrative quotes for 

each of the relevant domains are presented in Table 4.1.  

 

Fidelity to provider training: behaviour of attending training 
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Barriers: Five barriers related to attending training for this type of intervention were 

identified by participants. The strongest barrier was related to logistical issues preventing 

participants from attending the training sessions (environmental context and resources). 

For example, almost all participants believed that a lack of time, and a training session 

that was not flexible to their schedules, would be a challenge for them to attend. In-person 

training sessions were also thought to be a logistical challenge because they may be more 

difficult for clinicians working in rural areas of the province to attend if they were held in 

the capital city of the province. Some participants reported that they already felt confident 

in their ability to deliver this type of intervention, so they would not need to attend 

training (beliefs about capabilities), and one participant suggested that family physicians 

might take being asked to train for an intervention to reduce a commonly encountered 

issue like LBP as being critical of their existing skillset (emotion). Participants also felt 

that a barrier for attending training was clinician burnout, as they already had a lot of 

professional commitments and felt that attending training sessions would be daunting and 

overwhelming (emotion). Participants also suggested that they would not participate in 

training for this type of intervention if they did not see it benefitting their clinical practice 

(e.g., if the intervention did not help shorten their conversation with patients about why 

imaging for LBP is not indicated) (memory, attention, and decision processes).  

 

Enablers: Three enablers related to attending training for this type of intervention were 

identified by participants. The strongest enabler was related to providing an incentive to 

attend training (reinforcement). Continuing education credits was the most popular type 

of incentive discussed; other suggestions for incentives included monetary compensation 
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for time away from work and offering catered events during the training sessions. 

Participants suggested some enablers that would help with overcoming logistical issues 

for training (behavioural regulation). Suggested enablers included having training 

sessions that were of a shorter duration and flexible session offerings that clinicians could 

choose from based on their schedules. Another suggested enabler was offering the 

training both synchronous and asynchronous, such as having a pre-recorded webinar or 

online course clinicians could complete on their own time followed by a live session with 

instructors to practise skills required to deliver the intervention. Participants generally felt 

optimistic about being trained in using this intervention, as they believed it to be a much-

needed quality improvement initiative for their profession and were also excited to 

contribute to research (optimism). 

 

Fidelity to provider training: participation in suggested training session strategies (e.g., 

role play, using a participant training manual, and potential booster sessions) 

Barriers: No barriers related to participating in the suggested training session strategies 

were identified by participants. 

 

Enablers: Three enablers related to participating in the suggested training session 

strategies were identified by participants. Participants were generally optimistic that the 

proposed training session strategies (e.g., role play, participant training manual, potential 

booster sessions) would help them to feel trained in using the intervention (optimism). 

Participants felt that having a manual they could review and refer back to on their own 

time would help them to train in using the intervention (behavioural regulation), and one 
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participant felt that in-person training sessions would be more beneficial to them because 

they felt burned out from virtual training (behavioural regulation). 

 

Non-relevant domains 

Our analysis revealed that barriers and enablers related to the domains of [1] knowledge, 

[2] skills, [3] social, professional role and identity, [4] beliefs about consequences, [5] 

intention, [6] goals, and [7] social influences were not relevant to enhancing fidelity to 

provider training of the proposed intervention. No data were coded at the domains of 

knowledge, skills, and intention. One participant felt that the training for this intervention 

could be a quality improvement initiative, which they considered an important part of 

their profession as a family physician (social, professional role and identity). One 

participant felt that virtual training would be challenging to participate and engage in 

(beliefs about consequences). One participant believed that an in-person training session 

was important to ensure that clinicians were invested in the intervention (goals) and that 

they would benefit from participating in group training sessions with other colleagues 

(social influences). The specific beliefs with illustrative quotes for each of the non-

relevant domains are presented in Table 4.2.
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Table 4.1 Barriers and enablers (including belief statements and sample quotes) of fidelity to the proposed provider training for 
relevant domains 

Domain Belief statement 
(Enabler/Barrier) 

Sample quotes Frequency 
(out of 10) 

Beliefs about 
capabilities 

I am confident in my ability 
to use an algorithm and/or 
provide a resource to patients 
without training. (Barrier) 

“What you’re proposing doesn’t really sound like it needs much 
training. Like I think a lot of physicians hopefully already know 
this and if they’re given an algorithm to follow, it sounds like it 
should be pretty straightforward.” GP004 

2 

Optimism I think the proposed training 
strategies (including role 
play, a training manual, and 
booster sessions) will help to 
ensure I feel trained in using 
the intervention as intended. 
(Enabler) 

What do you think about some of these potential strategies for 
ensuring fidelity related to training? 
 
“I think they’ll work.” GP001 
“I think they’re awesome.” DC005 

6 

“I think they’re all very reasonable…including the role play.” 
GP002 
“I think that [a training manual] would be helpful. Every bit of 
training is helpful. It’s better that the practitioner has something to 
review and read before going into it blindly.” DC002 
“I think booster sessions would be really good.” DC002 

I think this intervention is 
great and would want to 
participate in training and 
delivering this intervention. 
(Enabler) 

“And so I’m looking at this and I think this is phenomenal. Right? 
And you could follow and see what has changed in your practice 
and this is where I get all excited about QI because I think it’s 
phenomenal.” GP001 

4 

“Having this conversation about research, I’m like excited – like 
‘Yes, I want to do this, that would be awesome’.” DC004 

Reinforcement Incentives (e.g., continuing 
education credits, monetary 
compensation) would help 
me to attend training as 
intended. (Enabler). 

“It has to be CME (continuing medical education) accredited. 
Absolutely. You might get a few people doing it if it’s not, but it’s 
gotta be CME accredited.” GP001 

9 
 
 

“Well people love CE (continuing education) hours. If there’s any 
way to get a simple set up for CE to it, that’s always an incentive 
for people.” DC003 
“Honestly, being compensated for time. Because if physicians 
have to take time away from their practice to do this, you know, 
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you get paid to do work. So being compensated per hour that you 
spend in [training] would probably increase participation.” GP002 

Memory, attention, 
and decision processes 

I will not participate in this 
training if I do not see the 
benefit to my clinical 
practice. (Barrier) 

“At the end of the day, there has to be a direct benefit to us as 
family physicians as to do we…like we all want to provide good 
care. But either this helps me cut the conversation shorter or helps 
me get the patient on my side quicker, right? So something has to 
help me be better than what I’m currently doing.” GP003 

2 

“I mean my gut is I don’t think I would personally sign up for any 
kind of training session because I already engage [in other 
continuing education]. I just don’t have enough time in my 
schedule to do that, especially where it’s so specific to one type of 
intervention…just considering the grand scope of what we see in 
a day.” GP005 

Environmental context 
and resources 

Logistical issues (e.g., time, 
scheduling, location of 
training and associated 
expenses) would prevent me 
from attending training 
sessions. (Barrier) 

[On challenges to attending training sessions] 
 
“It’s just finding time in your private practice. That’s it. Just time 
management.” DC002 

9 

“I just don’t have enough time in my schedule to do that 
[training], especially where it’s like so specific to one type of 
intervention.” GP005 
““It’s difficult to come in and do these sessions. It’s an expense. 
For me to go back and forth to the capital city, just in gas, if 
somebody had to stay in a hotel… So the challenge would be to 
get the rural people into the urban centre where you’re most likely 
to have these in-person sessions.” DC005 

Emotion Provider burnout is a barrier 
to attending training for this 
intervention. (Barrier) 

[On challenges to attending training sessions] 
 
“I think it’s provider burnout.” GP004 

3 

[On attending training sessions] 
 
“It would be very daunting. I would feel overwhelmed by having 
to commit to extra training in order to use an intervention that’s 
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supposed to either reduce time in my practice or make my quality 
of care better or improve the outcomes for my patients.” GP005 

Family physicians may be 
offended by being asked to 
participate in training for an 
intervention to reduce LBP 
imaging. (Barrier) 

“And I think community physicians then get a bit jaded and they 
kind of get their backs up like “what do you mean, I don’t know 
enough about LBP?!”. You know what I mean? It just becomes 
kind of one more thing that we’re being told that we’re not very 
good at and we need to get better, which is true – we’re not very 
good at this. I will be the first to admit it. But in a system that 
doesn’t support our community family physicians very well, it 
can come across as being critical and can be taken incorrectly by 
those physicians I think.” GP001 

1 

Behavioural regulation The logistics of training 
(e.g., length of sessions, 
flexibility in scheduling, 
synchronous and 
asynchronous options) will 
help clinicians to complete 
the intervention training. 
(Enabler) 
 

[On ways to overcome time or scheduling challenges] 
 
“Options. Being able to give a couple different options for people 
as to when they can attend. So they look at their calendar, these 3 
options are out for me but I can make this one. Rather than it’s 
happening this day at this time. I think being able to give people a 
little bit of leeway to figure out what time works best.” DC003 

8 

“You’re going to have to make it very efficient…and I think a 
little bit of an a la carte, where I can do what I feel like I need to 
do. … I think you just need a tailored…or maybe multiple 
sessions so like I can attend the training session, but not attend the 
role playing session because I feel like I don’t need that one in 
particular, right?” GP003 
[On the ideal training time of a training session] 
 
“I would say no more than 2 hours. All together, in one sitting. 
Any more than that, it’s kind of hard to get people to commit to. 
So I would say no more than 2 hours. You can do it split up, like 
you could do two 2-hour sessions if you felt like that much 
training was needed, but no more than 2 hours at a time.” GP001 
“I’ve seen the transportation from face to face to online/web 
courses. Anything people can do at say 9pm when they’re home 
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from work, online. I’m looking for convenience. If I can do it 
online, that’s perfect. This face-to-face stuff and traveling is done. 
A module, you review it and click – completed, completed, 
completed. And you can’t finish that section until you’ve read it 
and check down ‘yes I’ve done it’.” DC002 

A training manual (e.g., with 
charts and visuals, digital 
version) to review and refer 
back to on my own time 
would help me to train for 
using this intervention. 
(Enabler) 

“But I do like the possibility of having something like a manual 
that if it’s 8 o’clock on Monday night and I’m just sitting doing 
work, can I pull that up and just refresh that way? So having a 
manual but then also sitting in with everybody.” DC003 

5 

“PDF. I’ll lose the paper. I never have the paper. I basically have, 
on my desktop computer, a folder for almost everything. Like I 
said, the moment it becomes not up to date then people will stop 
using it. So even if it’s a webpage that I could just link to and it 
allows people to keep it up to date. Because if it’s not up to date, 
people will just stop using it. A PDF is harder for you to keep 
distributing, while the web you can just update it.” GP003 

The opportunity to meet in-
person in a group setting 
would help me to train for 
this intervention. (Enabler) 

“Well I’m Zoom’ed out. … So the reality is that if and when we 
can get together more, I think that a group setting in a real, in-
person group setting, in a room, I think would be way more 
beneficial.” DC005 

1 

The relevance of a domain was determined through the consideration of the frequency of the belief statements, the presence of conflicting 
beliefs, and the perceived strength of the impact a belief may have on enhancing fidelity to provider training.  

 



 104 

Table 4.2 Barriers and enablers (including belief statements and sample quotes) of fidelity to the proposed provider training for 
non-relevant domains 

Domain Belief statement 
(Enabler/Barrier) 

Sample quotes Frequency 
(out of 10) 

Knowledge No relevant quotes coded to this domain 
Skills No relevant quotes coded to this domain 
Social, professional 
role and identity 

Quality improvement is an 
important part of my 
profession, as a family 
physician. (Enabler) 

“This [training] is exactly what we want to be doing and this is 
quality improvement.” GP001 

1 

Beliefs about 
consequences 

I think virtual training would 
be challenging to participate 
in and really engage in. 
(Barrier) 

“I think the challenge is right now, certainly, with Zoom. I think 
the challenge is that people are Zoom’ed out, just like me. They 
just don’t want to be at it anymore. And I think that’s going to be 
a huge challenge if you choose to do it like that. Because half of 
communication is body language, nuances, facial features, you 
know. Communication on Zoom is very difficult and you lose a 
big chunk of it. And if you’re doing a group session, you’re 
reading body language, you’re reading little nuances in the way 
they look or giggle or whatever. And that’s feedback – you know, 
positive or negative, it’s still feedback. So that challenge I think is 
going to be there with Zoom.” DC005 

1 

Intention No relevant quotes coded to this domain 
Goals An in-person training session 

is important to ensure 
clinicians are invested in the 
intervention. (Enabler) 

“But I’m a sucker for having everybody on the same page, so to 
have a session and know that everybody’s there and everybody’s 
kind of paying attention and really invested in it. I always like 
that a little bit more.” DC003 

1 

Social influences It would benefit me to 
participate in group training 
sessions with other 
colleagues. (Enabler) 

“It is actually nice to be able to sit down with your colleagues and 
go over this kind of stuff and hear different situations that other 
people have been in, similar to what you are.” DC003 

1 

The relevance of a domain was determined through the consideration of the frequency of the belief statements, the presence of conflicting 
beliefs, and the perceived strength of the impact a belief may have on enhancing fidelity to provider training.  
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4.6.3 Barriers and enablers to enhancing fidelity of delivery 

As previously described, the proposed intervention involves asking GPs and chiropractors 

to use a clinical resource consisting of an educational booklet with a clinician-patient 

decision aid/algorithm, reminders to indications for imaging for non-specific LBP, and 

suggestions on providing evidence-based, patient-specific self-management strategies. 

Specific to the domain of intervention fidelity related to intervention delivery, we aimed 

to understand the barriers and enablers to the behaviour of actually delivering the 

intervention by GPs and chiropractors to their patients. 

 

Relevant domains 

Our analysis revealed various barriers and enablers related to the following domains: [1] 

beliefs about capabilities, [2] optimism, [3] goals, [4] memory, attention, and decision 

processes, [5] environmental context and resources, [6] social influences, and [7] 

behavioural regulation. The specific beliefs with illustrative quotes for each of the 

relevant domains are presented in Table 4.3.  

 

Barriers: Some participants reported that they would not be confident in delivering the 

intervention as planned in certain situations (e.g., if they were short on time, received 

pushback from patients, if they had to educate on self-management strategies) (beliefs 

about capabilities). Some participants believed that since they already had their own 

ways (or would develop their own ways of explaining why imaging is not indicated to 

patients), they may not stick to a particular script and thus may not deliver the 
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intervention as intended (memory, attention, and decision processes). Some of the GPs in 

our sample also reported that delivering the intervention as intended was only important if 

they believed non-indicated imaging was an important issue and if they thought the 

intervention aligned with the appropriate standard of care they already provided for 

patients with LBP (goals). Most participants believed a lack of time would be a barrier for 

delivering the intervention as planned (environmental context and resources), with some 

participants reporting that they would not deliver the intervention as intended if it took 

too much time (memory, attention, and decision processes); however, one participant did 

not feel that time would be a barrier to delivering the intervention in their practice 

(environmental context and resources) and another participant felt confident in being able 

to deliver the intervention as planned, without being worried about time (beliefs about 

capabilities). Lastly, some participants identified that patient pressure/demands for 

imaging would influence their ability to deliver the intervention as intended (social 

influences), although other participants did not believe that patient pressure would 

influence their ability to deliver the intervention as intended (social influences).  

 

Enablers: Overall, participants felt the proposed intervention delivery enhancement 

strategies (e.g., clinical algorithm, script) were great ideas and would help them to deliver 

the intervention (optimism). They were also confident they could deliver the proposed 

components as planned (beliefs about capabilities). Participants reported that delivering 

the intervention as planned was important to them, with many understanding that doing 

otherwise compromises the study and any value that can be gained from implementing 

the intervention (goals).  
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Many participants felt that features of the training for this intervention (e.g., having a 

training session, using role play, having a participant training manual, having booster 

sessions) would help them to remember how to deliver the intervention as intended 

(memory, attention, and decision processes). For example, having a participant training 

manual that they could refer back to would allow them to quickly review the content 

before they needed to deliver the intervention. Additionally, all participants suggested 

that having regular check-in times would help them to deliver the intervention as 

intended. However, the mode of check-in varied from group-based booster sessions to 

progress emails from the research team to having the ability to reach out to the research 

team via a clinical coach or champion when needed (behavioural regulation). 

Participants also felt that the proposed features of the intervention itself (e.g., algorithm, 

script for patient discussions, session checklist) and reminders of the intervention 

components potentially built into the electronic medical record would help them to 

remember how to deliver the intervention (memory, attention, and decision processes). 

All participants suggested that having a script with key talking points (instead of a word-

for-word script) that would allow for flexibility in how they discuss with their patients 

would help them to deliver the intervention as intended (behavioural regulation). Some 

participants also suggested that having some flexibility in the intervention material 

formats would help them to actually use the intervention material as intended, with some 

preferring digital copies, others preferring paper copies, and others preferring digital 

copies built into the electronic medical record (behavioural regulation). Participants in 

our study also suggested that tailoring the intervention to fit within a regular appointment 
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time (e.g., 5-10 minutes for GPs and 15-20 minutes for chiropractors) would enable them 

to deliver the intervention as intended (behavioural regulation).  

 

Non-relevant domains 

Our analysis revealed that barriers and enablers related to the domains of [1] knowledge, 

[2] skills, [3] social, professional role and identity, [4] beliefs about consequences, [5] 

reinforcement, [6] intention, and [7] emotion were not relevant to enhancing fidelity to 

provider training and delivery of the proposed intervention. No data were coded at the 

domains of knowledge, skills, social, professional role and identity, beliefs about 

consequences, and intention. One participant believed that the established clinical 

routines of clinicians may make delivering the intervention as intended more difficult, 

explaining that breaking those clinical habits in order to implement new changes would 

be a difficult process (reinforcement). One participant felt they would feel comforted by 

having a training manual they could refer to in order to deliver the intervention as 

intended (emotion). The specific beliefs with illustrative quotes for each of the non-

relevant domains are presented in Table 4.4.
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Table 4.3 Barriers and enablers (including belief statements and sample quotes) of fidelity to the proposed intervention delivery 
for relevant domains 

Domain Belief statement 
(Enabler/Barrier) 

Sample quote Frequency 
(out of 10) 

Beliefs about 
capabilities 

I am confident I can deliver 
this intervention as planned. 
(Enabler) 

How easy or difficult do you think it would be to adhere to 
delivering say 80% of the intervention components? 
 
“I think it would be pretty easy to do that, yeah.” DC004 

6 

“I don’t think 80% is too hard.” GP003 

I would not be confident in 
delivering this intervention as 
planned in certain situations 
(e.g., pushback from patients, 
if I had to educate on self-
management strategies, if I was 
limited on time, if patient had 
other reasons for presenting for 
care). (Barrier) 

“As I had alluded to earlier, my patients rarely ever book an 
appointment just to talk about their back pain. And so what 
inevitably would happen, even if we did just book an 
appointment for their back pain, is that we would get partway 
through this, and it would make them think about…something 
else…and then we would end up totally off topic. And so it can 
be difficult in going through an intervention like this to try to 
keep it contained, because it’s difficult to keep anything 
contained, and so that can be tricky.” GP001 

5 

“I mean…self-management strategies are always a difficult 
conversation…difficult to deliver to a patient. And reassurance 
and education. I mean, they’re so important but they are the 
things that take the longest I find in practice. And often times, 
patients aren’t always willing to do the self-management 
techniques at home” DC004 

I am confident I can deliver 
this intervention during my 
clinic encounter, without being 
worried about time. (Enabler) 

“I can manage to get a lot of the information out in a 
reasonable amount of time.” GP002 

1 

Optimism I believe the proposed 
intervention delivery 
enhancement strategies (e.g., 
algorithm, use of a script) 

[On the strategies for enhancing fidelity to intervention 
delivery] 
“I like all of them.” DC003 

4 

“I think it’s great. I love algorithms.” GP004 
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would help me to deliver the 
intervention. (Enabler) 

“I like the script idea.” DC003 

“[Self-management strategies] is the part I look most forward 
to. That’s the part I want the most out of. Because like I said, 
patients don’t get an x-ray but then they leave with some really 
good information of things that they can do to help with their 
cause. So that’s the thing that would get you the buy in for the 
whole program.” GP003 

Goals It is important for me to deliver 
the intervention as planned. 
(Enabler) 

[On the importance of delivering the intervention as planned] 
 
“It’s very important. I think it’s very necessary.” DC002 
 

7 

Delivering this intervention as 
intended is only important to 
me if I believe non-indicated 
imaging is an important issue 
and if the intervention aligns 
with the appropriate standard 
of care I provide. (Barrier) 

“How big of a problem a particular individual provider views 
imaging for lower back pain…how important they think it is to 
their practice is going to decide whether or not they use the tool 
or are committed to it.” GP001 

2 

“I think that my priority is always am I giving the standard of 
care that’s appropriate to the clinical situation to my patient. So 
if this situation looked like it would be appropriate to fit the 
intervention, then I would use the intervention to the best that I 
could to meet the clinical scenario.” GP005 

Memory, attention, and 
decision processes 

Features of the training for this 
intervention (e.g., in-person 
training session, use of role 
play, training manual, booster 
sessions) would help me 
remember how to deliver the 
intervention as intended. 
(Enabler) 

“But I’m a sucker for having everybody on the same page, so 
to have a session and know that everybody’s there and 
everybody’s kind of paying attention and really invested in it.” 
DC003 

6 

“I mean, there’s no question role playing is very important. I 
mean, you could read something and it just quickly dissipates 
from your brain as time goes. And if you solidify that with a 
concrete learning example like role playing, I think it’s 
essential.” DC005 
[On the importance of a training manual] 
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“Then if I do this once every 3 months or once every 9 months, 
I don’t have to try to remember what I did at the last session, 
but I could quickly go in 2 minutes and review things myself, 
and then it’s very fresh when I see the patient. So to me, for 
someone who’s busy, that would be super super helpful.” 
GP004 
“But definitely, the regular booster sessions as well help if it’s 
a study that’s going over a long period of time. People sort of 
lose and forget what they’re doing and sometimes just that 
meeting to make sure people are still on the right track is 
good.” GP002 

Proposed features of the 
intervention (e.g., algorithm, 
script for delivery or patient 
discussions, session checklist) 
and reminders of the 
intervention components built 
into the electronic medical 
record would help me 
remember how to deliver the 
intervention as intended. 
(Enabler) 

“The clinical resource is a definite huge bonus. Anything you 
can reach to quickly give yourself a refresher or make sure 
you’ve checked all your bases is nice.” DC003 

4 

“Having a checklist as part of the resource, that these are your 
main talking points and I’ve got it printed out or pinned up in 
the office that if the conversation comes up, I can look it over” 
DC003 
“But I think just having a little bit of detail on the EMR, it 
would probably make sure that people remember it [the 
components of the intervention]” GP004 
“The script for delivery is actually not bad because after a time, 
it becomes part of your normal lingo, right? So you start off 
sort of mechanically, I guess, in a way. Sort of saying ‘this is 
what we’re doing blah blah blah’. It eventually becomes part of 
what your dialogue is.” GP002 

I may not deliver the 
intervention as intended 
because I already have or will 
develop my own way of 
explaining concepts around 
imaging and LBP. (Barrier) 

“I think too, once I’ve implemented it, like for example, once 
I’ve used the tool, let’s say we use the clinician decision tool. 
Once I’ve used it once or twice, I don’t need to bring it up 
every time, because I’ve got it right? So like, the main part 
would be like, I guess…because it’s very much dependent on 
the patient. So like there’s some flexibility in how that program 
is also delivered. So like, did I use the decision making tool 

3 
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today? Well I didn’t take out the decision making tool and look 
at it, but I did use it in my head.” GP003 

“I think similar to before, just having this become your 
autopilot vs. what I use right now when this conversation 
comes up. It’s remembering to switch to this, which I guess in 
reality, is not too far different from what I already do, but for 
some people, maybe it would be a bit different.” DC003 

I may not deliver the 
intervention as intended if it 
takes too much of my time. 
(Barrier) 

“But the moment it becomes cumbersome or takes more time, 
because time is ultimately the factor that not a lot of us have a 
lot of, and the moment that it becomes more time to do it, it 
will become less utilised properly.” GP003 

2 

Environmental context 
and resources 

Lack of time may be a barrier 
to delivering the intervention 
as planned. (Barrier) 

“The biggest problem when it comes to clinical resources or 
decision tools or whatnot in family medicine is that we don’t 
have any time.” GP001 

6 

“Time would definitely be a challenge. As a chiropractor, I 
know most only spend about 20 minutes with their patient and 
that’s for a quick re-assessment, a conversation, and 
treatment.” DC004 

   

Time is not a barrier to 
delivering the intervention as 
planned. (Enabler) 

“I’m not in fee-for-service anymore so I have the time to 
explain things well.” GP004 

1 

Social influences Patient pressure to order 
imaging will not prevent me 
from delivering this 
intervention. (Enabler) 

[On patients being persistent on getting an x-ray] 
 
“There’s some, but usually, when you talk about it, they come 
around to it.” GP002 
 
 

5 

“I think that would be something to contend with, but I don’t 
think it would prevent me from [delivering the intervention]” 
DC001 
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Patient pressure for imaging 
may influence my ability to 
deliver this intervention as 
intended. (Barrier) 

“Because ultimately, I find, it’s not my clinical decision tools 
to know whether or not to do an x-ray that’s the issue. My issue 
is the patient demanding to have an x-ray. That is ultimately 
what it brings it down to. … sometimes it’s easier to not fight 
the fight and just say ‘Here’s your x-ray because you’re not 
going to leave until you get one anyways’.” GP003 

3 

“But you’ll always hit difficult people who want what they 
want regardless of whether it’s going to be the most effective 
resource for them. So I think the biggest challenge you’ll get is 
just personality or patient types.” DC003 

Behavioural regulation An intervention script with key 
talking points (that isn't too 
prescriptive) would help me to 
deliver the intervention as 
intended. (Enabler) 

“Every practitioner has their own style of delivery. Just key 
points that have to be delivered. I think that would be the best 
way to do it.” DC002 

10 

“Every person is their own illness experience. Not everybody 
experiences low back pain the same way. … And I agree 
there’s some people who would find that this is difficult to 
understand, so that may make it a bit of a challenge to 
delivering this – patients themselves. So you need to have a 
little bit of flexibility in the script and how you’re delivering 
it.” GP002 
“I think speaking points because you would make your own 
way in how to do it. But you want to be able to touch on all the 
main things that you want to get into the session.” GP003 

I think having regular check-in 
times (e.g., booster sessions, 
progress check-in emails) 
and/or the ability to reach out 
to the research team (e.g., 
clinical coach or project 
champion) when needed would 
help me to deliver this 
intervention as intended. 
(Enabler). 

“I really like the idea of a booster session. It makes a lot of 
sense. There are so many CME events that I go to and then I 
get all excited and I take it away and then I go to implement it 
into my practice and then it kind of falls apart… And a booster 
session that includes a component of bringing back difficult 
encounters or you know… ‘I tried to use this tool on this 
patient and here’s what happened. How could I approach that 
better next time or what did I do wrong?’. I think that would be 
very useful. … I think you have 1 booster session maybe 6-8 
weeks out and that would be the best that we would be able to 

10 
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hope for when it comes to buy in and engaging people right 
now.” GP001 

“I think having a champion is a really good idea … if you had 
somebody that basically said ‘I’m trained up on this. I’m happy 
and interested in helping’.” GP001 

“Having that touch base call every 4-6 weeks sometimes does 
get people get back on track and make them think about what 
the purpose of this is and the flow and answer any questions 
that they may have.” GP002 
“I don’t know if I would spend time putting on a booster 
session. I would more say, ‘This is our contact information. If 
you have an issue, then reach out to us.’.” GP003 
[On receiving support from the research team] 
 
“Regular emails, just reaching out to see if they need any 
assistance, see how their progression is.” DC002 

Tailoring the intervention to fit 
within a regular appointment 
time (5-10 minutes for GPs; 
15-20 minutes for DCs) will 
help me to deliver the 
intervention as intended. 
(Enabler) 

“If [LBP] were the only thing in the appointment, it would be 
ideal. Because in that case, then you could go through the 
whole thing about the indications and the education and the 
thing goes along with it, and then running through some of the 
interventions that they can do themselves to get started.” 
GP002 

5 

“I think if the script could be honed enough that it could be all 
done in 15-20 minutes for us anyways. It would be about fitting 
it into an appointment time.” DC001 

Flexibility in intervention 
material formats (e.g., access 
to both digital and paper copies 

“What I’m picturing is in the EMR or on a website, you can 
just bring up the tool and print it right from the computer. That 
way if you’re moving around multiple clinic rooms and things, 

3 
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with the possibility of having 
digital copies built into the 
electronic medical record) 
would help me to use the 
materials as intended. 
(Enabler)  
 
 

you don’t have to have multiple booklets and they get lost and 
stuff like that.” GP001 

“I’d say most people are pretty tech savvy at this point. So I’ve 
had good success with links and stuff, or just recommending go 
on YouTube and search this. Just the ease of being able to send 
that off. But a hard copy is…it’s easy to give out and there’s no 
barrier at that point. For anybody who doesn’t have access to 
Internet or just doesn’t go on as much to it. It eliminates all 
barriers.” DC003 

The relevance of a domain was determined through the consideration of the frequency of the belief statements, the presence of conflicting 
beliefs, and the perceived strength of the impact a belief may have on enhancing fidelity to provider training.  
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Table 4.4 Barriers and enablers (including belief statements and sample quotes) of fidelity to the proposed intervention delivery 
for non-relevant domains 

Domain Belief statement 
(Enabler/Barrier) 

Sample quote Frequency 
(out of 10) 

Knowledge No relevant quotes coded to this domain 
Skills No relevant quotes coded to this domain 
Social, professional 
role and identity No relevant quotes coded to this domain 

Beliefs about 
consequences No relevant quotes coded to this domain 

Reinforcement Clinicians' established practice 
routines may make delivering 
the intervention as intended 
challenging. (Barrier) 

“I think similar to before, just having this become your 
autopilot vs. what I use right now when this conversation 
comes up. It’s remembering to switch to this, which I guess in 
reality, is not too far different from what I already do, but for 
some people, maybe it would be a bit different.” DC003 

1 

Intention No relevant quotes coded to this domain 
Emotion I would feel comforted by 

having a training manual to 
refer back to in order to know 
that I am delivering the 
intervention as intended. 
(Enabler) 

[On the importance of a training manual] 
 
“For me, I think it would provide more comfort. I think 
instead of being something seen as a time consumer, I think 
I’d feel that as least I was being thorough and that I wasn’t 
missing anything.” DC001 

1 

The relevance of a domain was determined through the consideration of the frequency of the belief statements, the presence of conflicting 
beliefs, and the perceived strength of the impact a belief may have on enhancing fidelity to provider training.  

 
 
 



 117 

4.7 Discussion 

 

We conducted a qualitative study which interviewed 10 GPs and chiropractors on their 

perceived barriers and enablers to enhancing fidelity of training and fidelity of delivery 

for an intervention aimed at reducing non-indicated imaging for LBP. Barriers and 

enablers to enhancing fidelity to provider training were related to seven domains in the 

TDF, with a variety of barriers and enablers described by participants. The main barriers 

for attending training centred around a lack of time to attend and some participants 

feeling they did not need to attend either because they already felt confident in managing 

patients with LBP without imaging or because they did not see the benefit to using this 

type of intervention in their clinical practice. The main enablers for attending training 

were having incentives to attend and having flexibility in the training scheduling and 

format. Barriers and enablers to enhancing fidelity to delivery related to seven domains in 

the TDF, again, with a variety of barriers and enablers described by participants. A barrier 

was that participants may not deliver the intervention as intended because they had 

established habits on how to discuss why imaging for LBP was not indicated; however, 

some enablers suggested by participants included having a flexible script with key talking 

points and regular check-ins with the research team to ensure they were delivering the 

intervention as intended. Time and patient pressure were believed by most to be barriers 

to delivering the intervention as intended, and participants suggested that ensuring the 

intervention fit within the timeframe of their regular clinic appointment would help 

enable them to deliver the intervention as intended. Lastly, a strong enabler was that most 
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participants recognised the importance of intervention fidelity and delivering the 

intervention as planned.  

4.7.1 Findings in context with existing literature 

Few studies have explored the perceived barriers and enablers to enhancing provider 

training and intervention delivery for interventions aimed at reducing non-indicated 

imaging for LBP. The proposed intervention described in our current study is based on 

the intervention developed by Jenkins et al. (24, 124), which involves GPs delivering a 

LBP management booklet to patients to reduce non-indicated imaging for LBP. For that 

intervention, two studies exploring barriers and facilitators to implementation of the 

intervention were conducted, once during the intervention development process (24) and 

once during a feasibility study after GPs used the intervention with their patients (124). A 

barrier identified in both studies was that delivering the intervention was time-consuming 

(24, 124), which was also identified as a perceived barrier for intervention delivery by 

most participants in our study. An enabler identified by both studies by Jenkins et al. was 

that GPs preferred both digital and paper formats for the intervention materials, as they 

believed digital formats were easier to store, could be kept up to date, and would serve as 

a reminder for them to use the intervention (24, 124), which were also perceived enablers 

in our study. While Jenkins et al. (124) did not explore barriers and enablers to attending 

training for the intervention, all GPs attended a training session, which was a 20-minute 

individualised face-to-face session with a member of the research team. During the 

training session, GPs were provided with education on the appropriate use of imaging for 
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LBP, an introduction to the LBP management booklet, and received a demonstration on 

how to use the booklet (124). 

 

The perceived enablers for attending training that we identified in our study are similar to 

those identified in other studies on complex behaviour change interventions. Incentives 

are commonly used as an implementation strategy to improve practice behaviours of 

physicians (125), as well as within clinical trials to improve recruitment and retention of 

health professionals (126); however, incentives may take a variety of formats, including 

continuing education, financial, or co-authorship. Additionally, in a study which used 

online training to train physical therapists in delivering an online, group-based program to 

patients with LBP, participants felt that virtual training sessions allowed for greater 

flexibility in scheduling (127). However, they also felt that peer support and practice-

based learning activities from face-to-face interactions were lacking (127). These beliefs 

were also held by participants in our study, who believed there would be value in having 

both virtual and in-person training sessions as options.  

 

All participants in our study believed that some form of check-in with the research team 

would be important throughout the period they were delivering the intervention (e.g., 

during a trial), although the methods they suggested for regular check-ins varied. 

Similarly, in the development of a fidelity protocol for a complex self-management 

intervention delivered by physical therapists, Toomey et al. found that participants 

reported regular contact with the research team to prevent skill drift was acceptable (53). 
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This resulted in including regular communication methods between the research team and 

physical therapists when fidelity protocol was developed (53).  

4.7.2 Strengths 

This was the first study to use the TDF to explore perceived barriers and enablers to 

provider training and intervention delivery for an intervention aimed at reducing non-

indicated imaging for LBP. Our sample included GPs and chiropractors from across the 

province of NL and found similar barriers and enablers. This might suggest that an 

intervention developed to reduce non-indicated imaging for LBP may be used by health 

professionals. We used the TDF as our coding framework, which may allow for a 

theoretical explanation for the participants’ behaviours related to fidelity to provider 

training and intervention delivery.  

4.7.3 Limitations 

Since participants volunteered for the study, they may have been more likely to feel that 

non-indicated imaging was an important issue, potentially resulting in premature 

saturation. To avoid this, we specifically tried to target participants in different 

geographical regions of NL and when using snowball sampling, we specifically asked for 

additional participants with differing views. The interview guide was developed based on 

the NIHBCC fidelity framework, as we wanted to prioritise capturing key concepts 

related to intervention fidelity. However, the TDF was used as the coding framework for 

analysis, which may have resulted in less questions and responses directed at specific 

domains in the TDF. This may be a reason why some domains had no relevant participant 
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quotes; future studies using the TDF for the primary analysis may consider using a TDF-

based interview guide. The primary interviewer was not as experienced with conducting 

interviews and may not have asked enough probing questions, which may also have 

resulted in fewer relevant participant quotes at some domains. Additional pilot testing of 

the interview guide may have been needed to determine if more probing questions were 

needed.  

4.7.4 Implications for research 

Our findings can contribute to the development of an intervention aimed at reducing non-

indicated imaging for LBP by providing suggestions on how to enhance fidelity to 

provider training and intervention delivery. The strongest barriers related to attending 

training and delivering the intervention should be addressed. The training for this 

intervention should be flexible in its format and scheduling to accommodate for 

participants’ varied schedules, previous education and experience, and learning styles. An 

incentive would also need to be provided for participants to attend training. The delivery 

of the intervention should fit within a regular clinical appointment time (i.e., less than 15 

minutes) and a variety of formats for delivery could be considered, including both paper 

and digital versions of the intervention. Various forms of reminders (e.g., reference to a 

participant training manual and flexible intervention script) should also be provided to 

participants delivering the intervention so they can more easily remember how to deliver 

the intervention and remember what the components of the intervention are. Participants 

would also likely benefit from follow up from the research team during the intervention 

delivery period in the form of contacting the research team on an as-needed basis. Our 
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study revealed conflicting beliefs on patient pressure as a barrier to delivering the 

intervention as intended, which could be further explored in future research. 

4.8 Conclusion 

 

Exploring factors affecting intervention fidelity and ways to enhance intervention fidelity 

during the early stages of intervention development can help improve the results and 

interpretation of the main effectiveness trial for the intervention. We conducted a 

qualitative interview study to explore perceived barriers and enablers to enhancing 

fidelity to provider training and intervention delivery for a proposed intervention to 

reduce non-indicated imaging for LBP. Barriers and enablers to fidelity of provider 

training were related to seven TDF domains, with time as largest barrier related to 

attending training and incentives and flexibility in the required training as the largest 

enablers. Barriers and enablers to fidelity of intervention delivery were related to seven 

TDF domains, with patient pressure, time, and existing habits as the main barriers related 

to being able to deliver the intervention as intended. Participants suggested various 

enhancement strategies that would improve their ability to deliver the intervention as 

intended, including having reminders on how to use the intervention and regular check-

ins with the researchers. These results may aid in the development of a more feasible and 

pragmatic intervention to reduce non-indicated imaging for GPs and chiropractors in NL. 
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Chapter 5: Discussion 

 

5.1 Summary of findings 

 

The overall objective of this thesis was to examine strategies that have been used to 

enhance and assess intervention fidelity for interventions targeting GP behaviour to 

reduce non-indicated imaging for LBP, and to explore perceived barriers and enablers to 

enhancing fidelity of training and fidelity of delivery to a proposed intervention for 

reducing non-indicated imaging for LBP. Two studies were conducted within this thesis: 

a systematic review on the reporting of strategies used to enhance and/or assess fidelity 

for interventions to reduce non-indicated imaging for LBP, and a qualitative interview 

study exploring perceived barriers and enablers to enhancing fidelity of training and 

delivery for a proposed intervention to reduce non-indicated imaging for LBP in 

Newfoundland and Labrador, Canada. 

 

5.1.1 Summary of systematic review on the reporting of intervention fidelity 

A systematic review was conducted to search the literature on the reporting of 

intervention fidelity within studies of interventions aimed at reducing non-indicated 

imaging for LBP. Twenty-seven articles, with a total of 50 intervention components used, 

were included in the review. There was limited reporting of strategies used to enhance or 
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assess intervention fidelity within this context. The strategies reported most often were 

those to enhance fidelity of study design or intervention delivery. The use of strategies to 

assess fidelity was infrequently reported. Only four studies, with a total of four 

intervention components, explicitly measured intervention fidelity. Three provided 

outcomes on intervention fidelity, and one partially reported on the psychometric 

properties of tools used to measure intervention fidelity.  

 

5.1.2 Summary of qualitative study on perceived barriers and enablers to enhancing 

fidelity of provider training and intervention delivery 

A qualitative interview study with a sample of GPs and chiropractors in the province of 

NL was used to identify perceived barriers and enablers to ensuring fidelity of provider 

training and intervention delivery for a proposed intervention to reduce non-indicated 

imaging for LBP. Time was perceived as the largest barrier to attending training, while 

incentives and flexible training were perceived as enablers. Patient pressure, time, and 

established habits were perceived as barriers to delivering the intervention as intended. 

Suggested enhancement strategies, such as reminders and regular check-ins, were 

perceived as enablers. Overall, most participants perceived the concept of intervention 

fidelity as important. 
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5.1.3 Overall thesis summary  

Overall, strategies to enhance and assess fidelity to interventions aimed at reducing non-

indicated imaging for LBP appear to have been unused, or not reported to be used, in the 

published literature. Specifically for interventions which involved training or education of 

GPs, the literature indicated that incentives (e.g., continuing education credits) (99, 107, 

108), group in-person training (87, 88, 90, 102, 107, 108), and recorded sessions for those 

who could not attend (99, 107) were used as strategies to enhance attendance at training 

sessions. Data from the interviews conducted as part of this thesis align with these 

findings, as participants also believed that incentives such as continuing education credits 

would be an enabler to attending training, and they stressed the importance of having 

flexible training, including options such as group training or recorded (i.e., asynchronous) 

sessions. Recorded training sessions may also serve as a reminder on how to use the 

intervention, which aligns with interview participants’ belief that a training manual would 

serve as a reminder on how to deliver the intervention. Only one intervention identified in 

the systematic review asked GPs to explain why imaging is not necessary to their patients 

(88). In this study, standardised patients made unannounced visits at the clinic where 

those encounters were assessed to determine if GPs were delivering the intervention as 

intended. The use of standardised patients was not a strategy discussed during participant 

interviews and may also not be feasible for the proposed intervention, as it would be 

costly and difficult to conduct when the study involves participants from across the 

province. 

 



 126 

5.2 Contribution to the literature 

 

This thesis highlights that currently, little is known about intervention fidelity within 

interventions aimed at reducing non-indicated imaging for LBP. This demonstrates there 

is a need to better use and subsequently report strategies to enhance and assess 

intervention fidelity when future interventions aimed at reducing non-indicated imaging 

for LBP are developed. This aligns with the Template for Intervention Description and 

Replication (TIDieR) checklist and guide, which aims to improve the reporting of 

interventions (120). All five domains of intervention fidelity should be considered when 

developing and describing an intervention: the intervention should be described 

completely and based on a theoretical framework (domain: study design); details of how 

the providers will be trained should be described, including any tools used to enhance 

providers’ understanding of their training or methods used to assess providers’ 

understanding of their training (domain: training); details of how delivery of the 

intervention will be enhanced and assessed should be described, including how the 

researchers will ensure the content and dose of the intervention will be delivered (domain: 

intervention delivery); intervention recipients’ understanding of the intervention should 

be described (domain: intervention receipt); and how recipients of the intervention are 

using the intervention in real-life settings should be described (domain: intervention 

enactment). The interview study in this thesis also highlights that it is feasible to conduct 

interviews with participants in the intervention planning phase to determine how 

intervention fidelity can be enhanced in the main trial. 
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5.3 Future research 

 

More work needs to be conducted on the psychometric properties of the measurement 

methods used to assess intervention fidelity. The psychometric properties of methods 

used to actually measure intervention fidelity have previously been synthesised for 

complex, face-to-face health behaviour change interventions (118). While the majority of 

studies did not report whether the measure used was developed on their own or previously 

developed, most studies reported at least one psychometric property (i.e., related to 

validity or reliability). This finding contrasts with the findings of our review, which 

reported few studies actually measured intervention fidelity and only one study partially 

reported on the psychometric properties of the measurement tools used. This information 

will be helpful for intervention developers aiming to develop an intervention fidelity 

protocol to improve the overall interpretation of the results of their studies. Such  

information will also be helpful for stakeholders involved in policy, funding, and health 

services research, as they can have a better understanding of whether intervention fidelity 

was adequately reported and/or assessed to determine if intervention fidelity may have 

impacted the results of the study and if the intervention should be implemented or not.  

 

Only GPs and chiropractors were interviewed in the qualitative study. In order to develop 

a comprehensive intervention fidelity protocol, the perceptions of the intervention 

developers and patients with LBP (who will be the recipients of the intervention) also 

need to be considered. By taking those perspectives into consideration, further strategies 
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to enhance and assess intervention fidelity to the domains of study design, intervention 

receipt, and intervention enactment can be developed and included in the intervention 

fidelity protocol. 
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Chapter 6: Conclusion 

 

Non-indicated imaging for LBP is an issue that needs to be addressed, as diagnostic 

imaging continues to be inappropriately used in primary care practices. When designing 

an intervention to be tested in a trial, intervention fidelity (i.e., the degree to which an 

intervention is implemented as intended) is an important consideration, as it has 

implications for both the internal and external validity of the trial results. While many 

interventions have been developed to target non-indicated imaging for LBP, it is 

unknown whether intervention fidelity was adequately studied within these interventions. 

With the plan for the development of a new intervention to target non-indicated imaging 

for LBP in NL, Canada, it is important to identify factors which may impact intervention 

fidelity for this intervention. To address these gaps in the literature, the overall objective 

for this thesis was to examine strategies that have been used to enhance and assess 

intervention fidelity for interventions targeting GP behaviour to reduce non-indicated 

imaging for LBP, as well as to explore perceived barriers and enablers to enhancing 

fidelity of training and fidelity of delivery to a proposed intervention for reducing non-

indicated imaging for LBP.  

 

The systematic review in this thesis demonstrated that strategies to enhance and/or assess 

intervention fidelity for interventions targeting GP behaviours related to non-indicated 

imaging for LBP have been poorly reported. When reported, mostly enhancement 
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strategies (and not assessment strategies) were reported in the studies. The most 

commonly reported enhancement strategies were for enhancing fidelity to study design 

and intervention delivery, with little emphasis placed on enhancing fidelity to provider 

training, intervention receipt, and intervention enactment. The qualitative interview study 

in this thesis identified that perceived barriers to attending training sessions included 

logistical issues (e.g., time and scheduling) and clinicians not wanting to attend training 

sessions, while enablers included incentives and increased flexibility in training (e.g., 

shorter duration, multiple sessions, asynchronous and synchronous options). Specifically, 

perceived barriers to delivering the intervention as intended included time, patient 

pressure, and established habits, while enablers included various enhancement strategies 

such as regular check-ins with the research team, a flexible script, a participant training 

manual, and an intervention that fit within a regular clinic appointment time. Overall, 

participants were optimistic about the intervention in reducing non-indicated imaging for 

LBP and they recognised the importance of intervention fidelity. 

 

The studies from this thesis are important for informing the development of an 

intervention to reduce non-indicated imaging for LBP for GPs and chiropractors in NL, 

Canada. Specifically, information from these studies can aid in the development of an 

intervention fidelity protocol in order to appropriately enhance and assess intervention 

fidelity within the main trial for this intervention.  

 



 131 

References 

 
1. Dionne CE, Dunn KM, Croft PR, Nachemson AL, Buchbinder R, Walker BF, et 
al. A consensus approach toward the standardization of back pain definitions for use in 
prevalence studies. Spine (Philadelphia, Pa 1976). 2008;33(1):95-103. 
doi:10.1097/BRS.0b013e31815e7f94. 

2. Hartvigsen J, Hancock MJ, Kongsted A, Louw Q, Ferreira ML, Genevay S, et al. 
What low back pain is and why we need to pay attention. Lancet. 2018;391(10137):2356-
67. doi:10.1016/s0140-6736(18)30480-x. 

3. Maher C, Underwood M, Buchbinder R. Non-specific low back pain. Lancet. 
2017;389(10070):736-47. doi:10.1016/s0140-6736(16)30970-9. 

4. Chiarotto A, Koes BW. Nonspecific Low Back Pain. The New England journal of 
medicine. 2022;386(18):1732-40. doi:10.1056/NEJMcp2032396. 

5. Koes BW, van Tulder MW, Thomas S. Diagnosis and treatment of low back pain. 
BMJ. 2006;332(7555):1430-4. doi:10.1136/bmj.332.7555.1430. 

6. Hall AM, Aubrey-Bassler K, Thorne B, Maher CG. Do not routinely offer 
imaging for uncomplicated low back pain. BMJ (Online). 2021;372:n291-n. 
doi:10.1136/bmj.n291. 

7. Henschke N, Maher CG, Refshauge KM, Herbert RD, Cumming RG, Bleasel J, et 
al. Prevalence of and screening for serious spinal pathology in patients presenting to 
primary care settings with acute low back pain. Arthritis and rheumatism. 
2009;60(10):3072-80. doi:10.1002/art.24853. 

8. Enthoven W, Geuze H, Scheele J, Bierma-Zeinstra S, Bueving H, Bohnen A, et al. 
Prevalence and “red flags” regarding specified causes of back pain in older adults 
presenting in general practice. Physical therapy. 2016;96(3):305-12. 
doi:10.2522/ptj.20140525. 

9. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global, 
regional, and national incidence, prevalence, and years lived with disability for 354 
diseases and injuries for 195 countries and territories, 1990–2017: a systematic analysis 
for the Global Burden of Disease Study 2017. Lancet. England: Elsevier Ltd; 2018. p. 
1789-858. 

10. Wu A, March L, Zheng X, Huang J, Wang X, Zhao J, et al. Global low back pain 
prevalence and years lived with disability from 1990 to 2017: estimates from the Global 



 132 

Burden of Disease Study 2017. Annals of translational medicine. 2020;8(6):299-. 
doi:10.21037/atm.2020.02.175. 

11. da C Menezes Costa L, Maher CG, Hancock MJ, McAuley JH, Herbert RD, Costa 
LOP. The prognosis of acute and persistent low-back pain: a meta-analysis. Canadian 
Medical Association journal (CMAJ). 2012;184(11):E613-E24. 
doi:10.1503/cmaj.111271. 

12. Kongsted A, Kent P, Axen I, Downie AS, Dunn KM. What have we learned from 
ten years of trajectory research in low back pain? BMC musculoskeletal disorders. 
2016;17(1):220-. doi:10.1186/s12891-016-1071-2. 

13. Taylor JBDPT, Goode APDPTP, George SZPTP, Cook CEPTPMBA. Incidence 
and risk factors for first-time incident low back pain: a systematic review and meta-
analysis. The spine journal. 2014;14(10):2299-319. doi:10.1016/j.spinee.2014.01.026. 

14. Artus M, Campbell P, Mallen CD, Dunn KM, van der Windt DAW. Generic 
prognostic factors for musculoskeletal pain in primary care: a systematic review. BMJ 
open. 2017;7(1):e012901-e. doi:10.1136/bmjopen-2016-012901. 

15. Oliveira CB, Maher CG, Pinto RZ, Traeger AC, Lin CWC, Chenot JF, et al. 
Clinical practice guidelines for the management of non-specific low back pain in primary 
care: an updated overview. European spine journal. 2018;27(11):2791-803. 
doi:10.1007/s00586-018-5673-2. 

16. Foster NE, Anema JR, Cherkin D, Chou R, Cohen SP, Gross DP, et al. Prevention 
and treatment of low back pain: evidence, challenges, and promising directions. The 
Lancet (British edition). 2018;391(10137):2368-83. doi:10.1016/S0140-6736(18)30489-
6. 

17. College of Family Physicians of Canada - Choosing Wisely Canada. Thirteen 
Things Physicians and Patients Should Question 2020 [updated July 2020. Available 
from: https://choosingwiselycanada.org/family-medicine/. 

18. Finucane LM, Downie A, Mercer C, Greenhalgh SM, Boissonnault WG, Pool-
Goudzwaard AL, et al. International framework for red flags for potential serious spinal 
pathologies. The journal of orthopaedic and sports physical therapy. 2020;50(7):350-72. 
doi:10.2519/jospt.2020.9971. 

19. Verhagen AP, Downie A, Maher CG, Koes BW. Most red flags for malignancy in 
low back pain guidelines lack empirical support: a systematic review. Pain (Amsterdam). 
2017;158(10):1860-8. doi:10.1097/j.pain.0000000000000998. 

20. Downie A, Williams CM, Henschke N, Hancock MJ, Ostelo RWJG, de Vet 
HCW, et al. Red flags to screen for malignancy and fracture in patients with low back 

https://choosingwiselycanada.org/family-medicine/


 133 

pain: systematic review. BMJ (Online). 2013;347(dec11 1):44-f7095. 
doi:10.1136/bmj.f7095. 

21. Kamper SJ, Logan G, Copsey B, Thompson J, Machado GC, Abdel-Shaheed C, et 
al. What is usual care for low back pain? A systematic review of health care provided to 
patients with low back pain in family practice and emergency departments. Pain 
(Amsterdam). 2020;161(4):694-702. doi:10.1097/j.pain.0000000000001751. 

22. Jenkins HJ, Downie AS, Maher CG, Moloney NA, Magnussen JS, Hancock MJ. 
Imaging for low back pain: is clinical use consistent with guidelines? A systematic review 
and meta-analysis. The spine journal. 2018;18(12):2266-77. 
doi:10.1016/j.spinee.2018.05.004. 

23. Hall AM, Scurrey SR, Pike AE, Albury C, Richmond HL, Matthews J, et al. 
Physician-reported barriers to using evidence-based recommendations for low back pain 
in clinical practice: a systematic review and synthesis of qualitative studies using the 
Theoretical Domains Framework. Implementation science : IS. 2019;14(1):49-19. 
doi:10.1186/s13012-019-0884-4. 

24. Jenkins HJ, Moloney NA, French SD, Maher CG, Dear BF, Magnussen JS, et al. 
Using behaviour change theory and preliminary testing to develop an implementation 
intervention to reduce imaging for low back pain. BMC health services research. 
2018;18(1):734-. doi:10.1186/s12913-018-3526-7. 

25. Sharma S, Traeger AC, Reed B, Hamilton M, O'Connor DA, Hoffmann TC, et al. 
Clinician and patient beliefs about diagnostic imaging for low back pain: a systematic 
qualitative evidence synthesis. BMJ open. 2020;10(8):e037820-e. doi:10.1136/bmjopen-
2020-037820. 

26. Bussières AE, Patey AM, Francis JJ, Sales AE, Grimshaw JM, Brouwers M, et al. 
Identifying factors likely to influence compliance with diagnostic imaging guideline 
recommendations for spine disorders among chiropractors in North America: a focus 
group study using the Theoretical Domains Framework. Implementation science : IS. 
2012;7(1):82-. doi:10.1186/1748-5908-7-82. 

27. To D, Hall A, Bussières A, French SD, Lawrence R, Pike A, et al. Exploring 
factors influencing chiropractors' adherence to radiographic guidelines for low back pain 
using the Theoretical Domains Framework. Chiropractic & manual therapies. 
2022;30(1):23-. doi:10.1186/s12998-022-00433-5. 

28. French SD, Green S, Buchbinder R, Barnes H. Interventions for improving the 
appropriate use of imaging in people with musculoskeletal conditions. Cochrane database 
of systematic reviews. 2010(1):CD006094-CD. doi:10.1002/14651858.CD006094.pub2. 

29. Jenkins HJ, Hancock MJ, French SD, Maher CG, Engel RM, Magnussen JS. 
Effectiveness of interventions designed to reduce the use of imaging for low-back pain: a 



 134 

systematic review. Canadian Medical Association journal (CMAJ). 2015;187(6):401-8. 
doi:10.1503/cmaj.141183. 

30. Belavy DL, Tagliaferri SD, Buntine P, Saueressig T, Samanna C, McGuckian T, 
et al. Reducing Low-Value Imaging for Low Back Pain: Systematic Review With Meta-
analysis. The journal of orthopaedic and sports physical therapy. 2022;52(4):175-91. 
doi:10.2519/jospt.2022.10731. 

31. Hall A, Richmond H, Pike A, Lawrence R, Etchegary H, Swab M, et al. What 
behaviour change techniques have been used to improve adherence to evidence-based low 
back pain imaging? Implementation science : IS. 2021;16(1):1-22. doi:10.1186/s13012-
021-01136-w. 

32. Michie S, Johnston M, Francis J, Hardeman W, Eccles M. From Theory to 
Intervention: Mapping Theoretically Derived Behavioural Determinants to Behaviour 
Change Techniques. Applied psychology. 2008;57(4):660-80. doi:10.1111/j.1464-
0597.2008.00341.x. 

33. Lichstein KL, Riedel BW, Grieve R. Fair tests of clinical trials: A treatment 
implementation model. Advances in behaviour research and therapy. 1994;16(1):1-29. 
doi:10.1016/0146-6402(94)90001-9. 

34. Proctor EK, Powell BJ, McMillen JC. Implementation strategies: 
recommendations for specifying and reporting. Implement Sci. 2013;8:139. 
doi:10.1186/1748-5908-8-139. 

35. Borrelli B. The assessment, monitoring, and enhancement of treatment fidelity in 
public health clinical trials. J Public Health Dent. 2011;71 Suppl 1:S52-63. 

36. Noar SM, Zimmerman RS. Health Behavior Theory and cumulative knowledge 
regarding health behaviors: are we moving in the right direction? Health Educ Res. 
2005;20(3):275-90. doi:10.1093/her/cyg113. 

37. 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(1):26-33. doi:10.1136/qshc.2004.011155. 

38. Cane J, O'Connor D, Michie S. Validation of the theoretical domains framework 
for use in behaviour change and implementation research. Implement Sci. 2012;7:37. 
doi:10.1186/1748-5908-7-37. 

39. Atkins L, Francis J, Islam R, O'Connor D, Patey A, Ivers N, et al. A guide to 
using the Theoretical Domains Framework of behaviour change to investigate 
implementation problems. Implementation science : IS. 2017;12(1):77-. 
doi:10.1186/s13012-017-0605-9. 



 135 

40. Pike A, Patey A, Lawrence R, Aubrey-Bassler K, Grimshaw J, Mortazhejri S, et 
al. Barriers to following imaging guidelines for the treatment and management of patients 
with low-back pain in primary care: a qualitative assessment guided by the Theoretical 
Domains Framework. BMC Prim Care. 2022;23(1):143. doi:10.1186/s12875-022-01751-
6. 

41. Proctor E, Silmere H, Raghavan R, Hovmand P, Aarons G, Bunger A, et al. 
Outcomes for implementation research: conceptual distinctions, measurement challenges, 
and research agenda. Adm Policy Ment Health. 2011;38(2):65-76. doi:10.1007/s10488-
010-0319-7. 

42. Toomey E, Hardeman W, Hankonen N, Byrne M, McSharry J, Matvienko-Sikar 
K, et al. Focusing on fidelity: narrative review and recommendations for improving 
intervention fidelity within trials of health behaviour change interventions. Health 
Psychol Behav Med. 2020;8(1):132-51. doi:10.1080/21642850.2020.1738935. 

43. Yeaton WH, Sechrest L. Critical dimensions in the choice and maintenance of 
successful treatments: Strength, integrity, and effectiveness. Journal of Consulting and 
Clinical Psychology. 1981;49(2):156-67. doi:10.1037/0022-006X.49.2.156. 

44. Moncher FJ, Prinz RJ. Treatment fidelity in outcome studies. Clinical psychology 
review. 1991;11(3):247-66. doi:10.1016/0272-7358(91)90103-2. 

45. Bellg AJ, Borrelli B, Resnick B, Hecht J, Minicucci DS, Ory M, et al. Enhancing 
Treatment Fidelity in Health Behavior Change Studies: Best Practices and 
Recommendations From the NIH Behavior Change Consortium. Health psychology. 
2004;23(5):443-51. doi:10.1037/0278-6133.23.5.443. 

46. Gearing RE, El-Bassel N, Ghesquiere A, Baldwin S, Gillies J, Ngeow E. Major 
ingredients of fidelity: a review and scientific guide to improving quality of intervention 
research implementation. Clin Psychol Rev. 2011;31(1):79-88. 
doi:10.1016/j.cpr.2010.09.007. 

47. Borrelli B, Sepinwall D, Ernst D, Bellg AJ, Czajkowski S, Breger R, et al. A new 
tool to assess treatment fidelity and evaluation of treatment fidelity across 10 years of 
health behavior research. J Consult Clin Psychol. 2005;73(5):852-60. doi:10.1037/0022-
006x.73.5.852. 

48. Resnick B, Bellg AJ, Borrelli B, Defrancesco C, Breger R, Hecht J, et al. 
Examples of implementation and evaluation of treatment fidelity in the BCC studies: 
where we are and where we need to go. Ann Behav Med. 2005;29 Suppl:46-54. 
doi:10.1207/s15324796abm2902s_8. 

49. Johnson-Kozlow M, Hovell MF, Rovniak LS, Sirikulvadhana L, Wahlgren DR, 
Zakarian JM. Fidelity issues in secondhand smoking interventions for children. Nicotine 
Tob Res. 2008;10(12):1677-90. doi:10.1080/14622200802443429. 



 136 

50. Toomey E, Matvienko-Sikar K, Heary C, Delaney L, Queally M, Hayes CB, et al. 
Intervention Fidelity Within Trials of Infant Feeding Behavioral Interventions to Prevent 
Childhood Obesity: A Systematic Review. Ann Behav Med. 2019;53(1):75-97. 
doi:10.1093/abm/kay021. 

51. Gorman G, Toomey E, Flannery C, Redsell S, Hayes C, Huizink A, et al. Fidelity 
of Interventions to Reduce or Prevent Stress and/or Anxiety from Pregnancy up to Two 
Years Postpartum: A Systematic Review. Matern Child Health J. 2021;25(2):230-56. 
doi:10.1007/s10995-020-03093-0. 

52. Breitenstein S, Robbins L, Cowell JM. Attention to fidelity: why is it important. J 
Sch Nurs. 2012;28(6):407-8. doi:10.1177/1059840512465408. 

53. Toomey E, Matthews J, Guerin S, Hurley DA. Development of a Feasible 
Implementation Fidelity Protocol Within a Complex Physical Therapy-Led Self-
Management Intervention. Phys Ther. 2016;96(8):1287-98. doi:10.2522/ptj.20150446. 

54. Carroll C, Patterson M, Wood S, Booth A, Rick J, Balain S. A conceptual 
framework for implementation fidelity. Implement Sci. 2007;2:40. doi:10.1186/1748-
5908-2-40. 

55. Radiation Health and Safety Regulations under the Radiation Health and Safety 
Act. Consolidated Newfoundland and Labrador Regulation 1154/96 St. John’s, NL 2006 
[Available from: https://www.assembly.nl.ca/legislation/sr/regulations/rc961154.htm. 

56. Newfoundland and Labrador Medical Association (NLMA). Membership 
Statistics 2021 [Available from: https://findadoctornl.ca/site/uploads/2021/04/2021-
NLMA-Membership-Statistics.pdf. 

57. De Carvalho D, Bussières A, French SD, Wade D, Brake-Patten D, O'Keefe L, et 
al. Knowledge of and adherence to radiographic guidelines for low back pain: a survey of 
chiropractors in Newfoundland and Labrador, Canada. Chiropractic & manual therapies. 
2021;29(1):4-. doi:10.1186/s12998-020-00361-2. 

58. Logan GS, Dawe RE, Aubrey-Bassler K, Coombs D, Parfrey P, Maher C, et al. 
Are general practitioners referring patients with low back pain for CTs appropriately 
according to the guidelines: a retrospective review of 3609 medical records in 
Newfoundland using routinely collected data. BMC family practice. 2020;21(1):1-236. 
doi:10.1186/s12875-020-01308-5. 

59. Bellg AJ, Borrelli B, Resnick B, Hecht J, Minicucci DS, Ory M, et al. Enhancing 
treatment fidelity in health behavior change studies: best practices and recommendations 
from the NIH Behavior Change Consortium. Health Psychol. 2004;23(5):443-51. 
doi:10.1037/0278-6133.23.5.443. 

https://www.assembly.nl.ca/legislation/sr/regulations/rc961154.htm
https://findadoctornl.ca/site/uploads/2021/04/2021-NLMA-Membership-Statistics.pdf
https://findadoctornl.ca/site/uploads/2021/04/2021-NLMA-Membership-Statistics.pdf


 137 

60. Borrelli B. The Assessment, Monitoring, and Enhancement of Treatment Fidelity 
In Public Health Clinical Trials. J Public Health Dent. 2011;71(s1):S52-s63. 
doi:10.1111/j.1752-7325.2011.00233.x. 

61. Proctor E, Silmere H, Raghavan R, Hovmand P, Aarons G, Bunger A, et al. 
Outcomes for Implementation Research: Conceptual Distinctions, Measurement 
Challenges, and Research Agenda. Administration and policy in mental health and mental 
health services research. 2010;38(2):65-76. doi:10.1007/s10488-010-0319-7. 

62. Proctor EK, Powell BJ, McMillen JC. Implementation strategies: 
recommendations for specifying and reporting. Implementation science : IS. 
2013;8(1):139-. doi:10.1186/1748-5908-8-139. 

63. Chou R, Qaseem A, Snow V, Casey D, Cross JT, Jr., Shekelle P, et al. Diagnosis 
and treatment of low back pain: a joint clinical practice guideline from the American 
College of Physicians and the American Pain Society. Ann Intern Med. 2007;147(7):478-
91. doi:10.7326/0003-4819-147-7-200710020-00006. 

64. National Guideline Centre (UK). National Institute for Health and Care 
Excellence: Clinical Guidelines.  Low Back Pain and Sciatica in Over 16s: Assessment 
and Management. London: National Institute for Health and Care Excellence (UK) 
Copyright © NICE, 2016.; 2016. 

65. Chou R, Deyo RA, Jarvik JG. Appropriate Use of Lumbar Imaging for Evaluation 
of Low Back Pain. The Radiologic clinics of North America. 2012;50(4):569-85. 
doi:10.1016/j.rcl.2012.04.005. 

66. Corso M, Cancelliere C, Mior S, Kumar V, Smith A, Cote P. The clinical utility of 
routine spinal radiographs by chiropractors: a rapid review of the literature. Chiropractic 
& manual therapies. 2020;28(1):33-. doi:10.1186/s12998-020-00323-8. 

67. Chou R, Qaseem A, Owens DK, Shekelle P. Diagnostic Imaging for Low Back 
Pain: Advice for High-Value Health Care From the American College of Physicians. 
Annals of internal medicine. 2011;154(3):181-9. doi:10.7326/0003-4819-154-3-
201102010-00008. 

68. Jenkins HJ, Kongsted A, French SD, Jensen TS, Doktor K, Hartvigsen J, et al. 
What are the effects of diagnostic imaging on clinical outcomes in patients with low back 
pain presenting for chiropractic care: a matched observational study. Chiropractic & 
manual therapies. 2021;29(1):1-46. doi:10.1186/s12998-021-00403-3. 

69. Jenkins HJ, Downie AS, Maher CG, Moloney NA, Magnussen JS, Hancock MJ. 
Imaging for low back pain: is clinical use consistent with guidelines? A systematic review 
and meta-analysis. Spine J. 2018;18(12):2266-77. doi:10.1016/j.spinee.2018.05.004. 



 138 

70. Kamper SJ, Logan G, Copsey B, Thompson J, Machado GC, Abdel-Shaheed C, et 
al. What is usual care for low back pain? A systematic review of health care provided to 
patients with low back pain in family practice and emergency departments. Pain. 
2020;161(4):694-702. doi:10.1097/j.pain.0000000000001751. 

71. French SD, Green S, Buchbinder R, Barnes H. Interventions for improving the 
appropriate use of imaging in people with musculoskeletal conditions. Cochrane Database 
Syst Rev. 2010;2010(1):Cd006094. doi:10.1002/14651858.CD006094.pub2. 

72. Jenkins HJ, Hancock MJ, French SD, Maher CG, Engel RM, Magnussen JS. 
Effectiveness of interventions designed to reduce the use of imaging for low-back pain: a 
systematic review. CMAJ. 2015;187(6):401-8. doi:10.1503/cmaj.141183. 

73. Liu C, Desai S, Krebs LD, Kirkland SW, Keto-Lambert D, Rowe BH. 
Effectiveness of Interventions to Decrease Image Ordering for Low Back Pain 
Presentations in the Emergency Department: A Systematic Review. Acad Emerg Med. 
2018;25(6):614-26. doi:10.1111/acem.13376. 

74. Belavy DL, Tagliaferri SD, Buntine P, Saueressig T, Samanna C, McGuckian T, 
et al. Reducing Low-Value Imaging for Low Back Pain: Systematic Review With Meta-
analysis. The journal of orthopaedic and sports physical therapy. 2022:1-41. 
doi:10.2519/jospt.2022.10731. 

75. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
Updating guidance for reporting systematic reviews: development of the PRISMA 2020 
statement. J Clin Epidemiol. 2021;134:103-12. doi:10.1016/j.jclinepi.2021.02.003. 

76. Hall A, Richmond H, Pike A, Lawrence R, Etchegary H, Swab M, et al. What 
behaviour change techniques have been used to improve adherence to evidence-based low 
back pain imaging? Implement Sci. 2021;16(1):68. doi:10.1186/s13012-021-01136-w. 

77. Hall AM, Scurrey SR, Pike AE, Albury C, Richmond HL, Matthews J, et al. 
Physician-reported barriers to using evidence-based recommendations for low back pain 
in clinical practice: a systematic review and synthesis of qualitative studies using the 
Theoretical Domains Framework. Implement Sci. 2019;14(1):49. doi:10.1186/s13012-
019-0884-4. 

78. Perepletchikova F, Kazdin AE. Treatment Integrity and Therapeutic Change: 
Issues and Research Recommendations. Clinical psychology (New York, NY). 
2005;12(4):365-83. doi:10.1093/clipsy.bpi045. 

79. Hollingworth W, Todd CJ, King H, Males T, Dixon AK, Karia KR, et al. Primary 
care referrals for lumbar spine radiography: diagnostic yield and clinical guidelines. 
British journal of general practice. 2002;52(479):475-80. 



 139 

80. Jackson JL, Browning R. Impact of National low back pain guidelines on clinical 
practice. Southern medical journal (Birmingham, Ala). 2005;98(2):139-43. 
doi:10.1097/01.SMJ.0000136261.21711.85. 

81. Matowe L, Ramsay CR, Grimshaw JM, Gilbert FJ, Macleod MJ, Needham G. 
Effects of Mailed Dissemination of the Royal College of Radiologists' Guidelines on 
General Practitioner Referrals for Radiography: A Time Series Analysis. Clinical 
radiology. 2002;57(7):575-8. doi:10.1053/crad.2001.0894. 

82. Suman A, Schaafsma FG, Ven PMvd, Slottje P, Buchbinder R, Tulder MWv, et 
al. Effectiveness of a multifaceted implementation strategy compared to usual care on low 
back pain guideline adherence among general practitioners. BMC health services 
research. 2018;18(1):358-. doi:10.1186/s12913-018-3166-y. 

83. Slater H, Briggs A, Smith A, Bunzli S, Davies S, Quintner J. Implementing 
evidence-informed policy into practice for health care professionals managing people 
with low back pain in Australian rural settings: A preliminary prospective single-cohort 
study. 2014. doi:10.1111/pme.12351. 

84. Chandra K, Atkinson PR, Fraser J, Chatur H, Adams C. MP31: The contrarian 
effect: how does a Choosing Wisely focused knowledge translation initiative affect 
emergency physician practice in a high awareness-low investigation environment? 
Canadian journal of emergency medicine. 2017;19(S1):S75-S6. 
doi:10.1017/cem.2017.197. 

85. Burggraf L, Stark S, Schedlbauer A, Kühlein T, Roos M. 10 Ideas, concerns and 
expectations (ICE) in general practice consultations – report of a mixed methods study. 
BMJ evidence-based medicine. 2019;24(Suppl 2):A11. doi:10.1136/bmjebm-2019-
POD.24. 

86. Simula AS, Jenkins HJ, Holopainen R, Oura P, Korniloff K, Häkkinen A, et al. 
Transcultural adaption and preliminary evaluation of "understanding low back pain" 
patient education booklet. BMC health services research. 2019;19(1):1010-. 
doi:10.1186/s12913-019-4854-y. 

87. Wang KY, Chong I, Consul N, Lincoln CM. To Sustain or not to Sustain: Varying 
Educational Sessions on Advanced Imaging of Low Back Pain and R-SCAN. Current 
problems in diagnostic radiology. 2021;50(6):774-8. doi:10.1067/j.cpradiol.2020.10.017. 

88. Fenton JJ, Kravitz RL, Jerant A, Paterniti DA, Bang H, Williams D, et al. 
Promoting Patient-Centered Counseling to Reduce Use of Low-Value Diagnostic Tests: 
A Randomized Clinical Trial. JAMA internal medicine. 2015;176(2):1-7. 
doi:10.1001/jamainternmed.2015.6840. 

89. Graves JM, Fulton-Kehoe D, Jarvik JG, Franklin GM. Impact of an Advanced 
Imaging Utilization Review Program on Downstream Health Care Utilization and Costs 



 140 

for Low Back Pain. Medical care. 2018;56(6):520-8. 
doi:10.1097/MLR.0000000000000917. 

90. Wang KY, Yen CJ, Chen M, Variyam D, Acosta TU, Reed B, et al. Reducing 
Inappropriate Lumbar Spine MRI for Low Back Pain: Radiology Support, 
Communication and Alignment Network. Journal of the American College of Radiology. 
2018;15(1):116-22. doi:10.1016/j.jacr.2017.08.005. 

91. Fried JG, Andrew AS, Ring NY, Pastel DA. Changes in Primary Care Health Care 
Utilization after Inclusion of Epidemiologic Data in Lumbar Spine MR Imaging Reports 
for Uncomplicated Low Back Pain. Radiology. 2018;287(2):563-9. 
doi:10.1148/radiol.2017170722. 

92. Solberg LI, Wei F, Butler JC, Palattao KJ, Vinz CA, Marshall MA. Effects of 
electronic decision support on high-tech diagnostic imaging orders and patients. The 
American journal of managed care. 2010;16(2):102-6. 

93. Chen D, Bhambhvani HP, Hom J, Mahoney M, Wintermark M, Sharp C, et al. 
Effect of Electronic Clinical Decision Support on Imaging for the Evaluation of Acute 
Low Back Pain in the Ambulatory Care Setting. World neurosurgery. 2020;134:e874-e7. 
doi:10.1016/j.wneu.2019.11.031. 

94. Jarvik JG, Meier EN, James KT, Gold LS, Tan KW, Kessler LG, et al. The Effect 
of Including Benchmark Prevalence Data of Common Imaging Findings in Spine Image 
Reports on Health Care Utilization Among Adults Undergoing Spine Imaging A Stepped-
Wedge Randomized Clinical Trial. JAMA network open. 2020;3(9):e2015713-e. 
doi:10.1001/jamanetworkopen.2020.15713. 

95. Baker SR, Rabin A, Lantos G, Gallagher EJ. The effect of restricting the 
indications for lumbosacral spine radiography in patients with acute back symptoms. 
American journal of roentgenology (1976). 1987;149(3):535-8. 
doi:10.2214/ajr.149.3.535. 

96. Kullgren JT, Krupka E, Schachter A, Linden A, Miller J, Acharya Y, et al. 
Precommitting to choose wisely about low-value services: a stepped wedge cluster 
randomised trial. BMJ quality & safety. 2018;27(5):355-64. doi:10.1136/bmjqs-2017-
006699. 

97. Ip IKMDMPH, Gershanik EFMDMPHM, Schneider LIMD, Raja 
ASMDMPHMBA, Mar WM, Seltzer SMD, et al. Impact of IT-enabled Intervention on 
MRI Use for Back Pain. The American journal of medicine. 2014;127(6):512-8.e1. 
doi:10.1016/j.amjmed.2014.01.024. 

98. Zafar HM, Ip IK, Mills AM, Raja AS, Langlotz CP, Khorasani R. Effect of 
Clinical Decision Support-Generated Report Cards Versus Real-Time Alerts on Primary 
Care Provider Guideline Adherence for Low Back Pain Outpatient Lumbar Spine MRI 



 141 

Orders. American journal of roentgenology (1976). 2019;212(2):386-94. 
doi:10.2214/AJR.18.19780. 

99. Klein BJ, Radecki RT, Foris MP, Feil EI, Hickey ME. Bridging the gap between 
science and practice in managing low back pain : A comprehensive spine care system in a 
health maintenance organization setting. Spine (Philadelphia, Pa 1976). 2000;25(6):738-
40. doi:10.1097/00007632-200003150-00015. 

100. Powell AC, Lugo CT, Wang Y, Smith GL, Long JW, Deshmukh UU, et al. 
Modification and Reinitiation of Lower Back Imaging Orders After Evidence-Based 
Collaborative Consultation. Academic radiology. 2019;26(11):1450-6. 
doi:10.1016/j.acra.2018.12.001. 

101. Freeborn DK, Shye D, Mullooly JP, Eraker S, Romeo J. Primary care physicians’ 
use of lumbar spine imaging tests: Effects of guidelines and practice pattern feedback. 
Journal of general internal medicine : JGIM. 1997;12(10):619-25. doi:10.1046/j.1525-
1497.1997.07122.x. 

102. Robling MR, Houston HLA, Kinnersley P, Hourihan MD, Cohen DR, Hale J, et 
al. 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. Clinical radiology. 
2002;57(5):402-7. doi:10.1053/crad.2001.0864. 

103. 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. British journal of general practice. 1994;44(382):197-200. 

104. Eccles M, Steen N, Grimshaw J, Thomas L, McNamee P, Soutter J, et al. Effect of 
audit and feedback, and reminder messages on primary-care radiology referrals: a 
randomised trial. The Lancet (British edition). 2001;357(9266):1406-9. 
doi:10.1016/S0140-6736(00)04564-5. 

105. 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. 
Family practice. 2000;17(1):46-52. doi:10.1093/fampra/17.1.46. 

106. Tracey NG, Martin JB, McKinstry CS, Mathew BM. Guidelines for lumbar spine 
radiography in acute low back pain: effect of implementation in an accident and 
emergency department. Ulster medical journal. 1994;63(1):12-7. 

107. French SD, McKenzie JE, O'Connor DA, Grimshaw JM, Mortimer D, Francis JJ, 
et al. Evaluation of a theory-informed implementation intervention for the management of 
acute low back pain in general medical practice: the IMPLEMENT cluster randomised 
trial. PloS one. 2013;8(6):e65471-e. doi:10.1371/journal.pone.0065471. 



 142 

108. Lin IB, Coffin J, O'Sullivan PB. Using theory to improve low back pain care in 
Australian Aboriginal primary care: a mixed method single cohort pilot study. BMC 
family practice. 2016;17(1):44-. doi:10.1186/s12875-016-0441-z. 

109. Morgan T, Wu J, Ovchinikova L, Lindner R, Blogg S, Moorin R. A national 
intervention to reduce imaging for low back pain by general practitioners: a retrospective 
economic program evaluation using Medicare Benefits Schedule data. BMC health 
services research. 2019;19(1):983-10. doi:10.1186/s12913-019-4773-y. 

110. Fine B, Schultz SE, White L, Henry D. Impact of restricting diagnostic imaging 
reimbursement for uncomplicated low back pain in Ontario: a population-based 
interrupted time series analysis. CMAJ open. 2017;5(4):E760-E7. 
doi:10.9778/cmajo.20160151. 

111. Min A, Chan VWYMPHP, Aristizabal RM, Peramaki ERMD, Agulnik DBMD, 
Strydom NMD, et al. Clinical Decision Support Decreases Volume of Imaging for Low 
Back Pain in an Urban Emergency Department. Journal of the American College of 
Radiology. 2017;14(7):889-99. doi:10.1016/j.jacr.2017.03.005. 

112. Winkens RAG, Pop P, Bugter-Maessen AMA, Grol RPTM, Kester ADM, 
Beusmans GHMI, et al. Randomised controlled trial of routine individual feedback to 
improve rationality and reduce numbers of test requests. The Lancet (British edition). 
1995;345(8948):498-502. doi:10.1016/S0140-6736(95)90588-X. 

113. French SD, Green SE, Francis JJ, Buchbinder R, O'Connor DA, Grimshaw JM, et 
al. Evaluation of the fidelity of an interactive face-to-face educational intervention to 
improve general practitioner management of back pain. BMJ open. 2015;5(7):e007886-e. 
doi:10.1136/bmjopen-2015-007886. 

114. Michie S, Fixsen D, Grimshaw JM, Eccles MP. Specifying and reporting complex 
behaviour change interventions: the need for a scientific method. Implementation science 
: IS. 2009;4(1):40-. doi:10.1186/1748-5908-4-40. 

115. Taylor CA, Shaw RL, Dale J, French DP. Enhancing delivery of health behaviour 
change interventions in primary care: A meta-synthesis of views and experiences of 
primary care nurses. Patient education and counseling. 2010;85(2):315-22. 
doi:10.1016/j.pec.2010.10.001. 

116. Wang B, Stanton B, Deveaux L, Poitier M, Lunn S, Koci V, et al. Factors 
influencing implementation dose and fidelity thereof and related student outcomes of an 
evidence-based national HIV prevention program. Implementation science : IS. 
2015;10(1):44-. doi:10.1186/s13012-015-0236-y. 

117. Brose LS, McEwen A, Michie S, West R, Chew XY, Lorencatto F. Treatment 
manuals, training and successful provision of stop smoking behavioural support. 
Behaviour research and therapy. 2015;71:34-9. doi:10.1016/j.brat.2015.05.013. 



 143 

118. Walton H, Spector A, Tombor I, Michie S. Measures of fidelity of delivery of, and 
engagement with, complex, face-to-face health behaviour change interventions: A 
systematic review of measure quality. Br J Health Psychol. 2017;22(4):872-903. 
doi:10.1111/bjhp.12260. 

119. 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(4):295-309. doi:10.7326/0003-4819-148-4-
200802190-00008. 

120. Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al. Better 
reporting of interventions: template for intervention description and replication (TIDieR) 
checklist and guide. Bmj. 2014;348:g1687. doi:10.1136/bmj.g1687. 

121. Hoy D, Bain C, Williams G, March L, Brooks P, Blyth F, et al. A systematic 
review of the global prevalence of low back pain. Arthritis Rheum. 2012;64(6):2028-37. 
doi:10.1002/art.34347. 

122. To D, De Carvalho D, Pike A, Etchegary H, Patey A, Toomey E, et al. Exploring 
perceived barriers and enablers to fidelity of training and delivery of an intervention to 
reduce imaging for low back pain: a qualitative interview study protocol [version 1; peer 
review: 1 approved, 1 approved with reservations]. HRB Open Research. 2021;4(49). 
doi:10.12688/hrbopenres.13292.1. 

123. Francis JJ, Johnston M, Robertson C, Glidewell L, Entwistle V, Eccles MP, et al. 
What is an adequate sample size? Operationalising data saturation for theory-based 
interview studies. Psychol Health. 2010;25(10):1229-45. 
doi:10.1080/08870440903194015. 

124. Jenkins HJ, Moloney NA, French SD, Maher CG, Dear BF, Magnussen JS, et al. 
General practitioner experiences using a low back pain management booklet aiming to 
decrease non-indicated imaging for low back pain. Implementation Science 
Communications. 2022;3(1):71. doi:10.1186/s43058-022-00317-y. 

125. Mostofian F, Ruban C, Simunovic N, Bhandari M. Changing physician behavior: 
what works? Am J Manag Care. 2015;21(1):75-84. 

126. Bower P, Brueton V, Gamble C, Treweek S, Smith CT, Young B, et al. 
Interventions to improve recruitment and retention in clinical trials: a survey and 
workshop to assess current practice and future priorities. Trials. 2014;15:399. 
doi:10.1186/1745-6215-15-399. 

127. Christou B, Sellars J, Barker K. What are the experiences of therapists using the 
online Back Skills Training and implementing it within clinical practice? Musculoskeletal 
Care. 2019;17(3):198-205. doi:10.1002/msc.1397. 
 



 xvii 

Appendices 

 

Appendix 1 PRISMA checklist 
 

Section and 
Topic  

Item 
# Checklist item  

Location 
where 
item is 
reported  

TITLE   
Title  1 Identify the report as a systematic review. 26 
ABSTRACT   
Abstract  2 See the PRISMA 2020 for Abstracts checklist. 27-28 
INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of existing knowledge. 28-31 
Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 31 
METHODS   
Eligibility 
criteria  

5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the 
syntheses. 

32-34 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or 
consulted to identify studies. Specify the date when each source was last searched or consulted. 

32 

Search 
strategy 

7 Present the full search strategies for all databases, registers and websites, including any filters and 
limits used. 

Appendix 
3 

Selection 
process 

8 Specify the methods used to decide whether a study met the inclusion criteria of the review, 
including how many reviewers screened each record and each report retrieved, whether they worked 
independently, and if applicable, details of automation tools used in the process. 

34 

Data 
collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data 
from each report, whether they worked independently, any processes for obtaining or confirming 
data from study investigators, and if applicable, details of automation tools used in the process. 

34-38 



 xviii 

Section and 
Topic  

Item 
# Checklist item  

Location 
where 
item is 
reported  

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were 
compatible with each outcome domain in each study were sought (e.g. for all measures, time points, 
analyses), and if not, the methods used to decide which results to collect. 

34-38 

10b List and define all other variables for which data were sought (e.g. participant and intervention 
characteristics, funding sources). Describe any assumptions made about any missing or unclear 
information. 

34-38 

Study risk of 
bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the 
tool(s) used, how many reviewers assessed each study and whether they worked independently, and 
if applicable, details of automation tools used in the process. 

N/A 

Effect 
measures  

12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the 
synthesis or presentation of results. 

N/A 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating 
the study intervention characteristics and comparing against the planned groups for each synthesis 
(item #5)). 

38-39 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of 
missing summary statistics, or data conversions. 

38-39 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. 38-39 
13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-

analysis was performed, describe the model(s), method(s) to identify the presence and extent of 
statistical heterogeneity, and software package(s) used. 

38-39 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. 
subgroup analysis, meta-regression). 

N/A 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. N/A 
Reporting 
bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from 
reporting biases). 

N/A 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an 
outcome. 

N/A 

RESULTS   
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Section and 
Topic  

Item 
# Checklist item  

Location 
where 
item is 
reported  

Study 
selection  

16a Describe the results of the search and selection process, from the number of records identified in the 
search to the number of studies included in the review, ideally using a flow diagram. 

40-41 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain 
why they were excluded. 

42-52 

Study 
characteristics  

17 Cite each included study and present its characteristics. 42-52 

Risk of bias 
in studies  

18 Present assessments of risk of bias for each included study. N/A 

Results of 
individual 
studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) 
and (b) an effect estimate and its precision (e.g. confidence/credible interval), ideally using 
structured tables or plots. 

N/A 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. 53-75 
20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the 

summary estimate and its precision (e.g. confidence/credible interval) and measures of statistical 
heterogeneity. If comparing groups, describe the direction of the effect. 

N/A 

20c Present results of all investigations of possible causes of heterogeneity among study results. N/A 
20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized 

results. 
N/A 

Reporting 
biases 

21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each 
synthesis assessed. 

N/A 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. N/A 

DISCUSSION   
Discussion  23a Provide a general interpretation of the results in the context of other evidence. 76-79 

23b Discuss any limitations of the evidence included in the review. 79-80 
23c Discuss any limitations of the review processes used. 79-80 
23d Discuss implications of the results for practice, policy, and future research. 81-82 

OTHER INFORMATION  
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Section and 
Topic  

Item 
# Checklist item  

Location 
where 
item is 
reported  

Registration 
and protocol 

24a Provide registration information for the review, including register name and registration number, or 
state that the review was not registered. 

31 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. 31 
24c Describe and explain any amendments to information provided at registration or in the protocol. N/A 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or 
sponsors in the review. 

N/A 

Competing 
interests 

26 Declare any competing interests of review authors. N/A 

Availability 
of data, code 
and other 
materials 

27 Report which of the following are publicly available and where they can be found: template data 
collection forms; data extracted from included studies; data used for all analyses; analytic code; any 
other materials used in the review. 

N/A 

 



 xxi 

Appendix 2 Protocol for systematic review (10.17605/OSF.IO/4DYUW) 

 

Title: Fidelity of interventions designed to reduce non-indicated imaging for low back 

pain: a protocol for a systematic review  

 

Authors: Daphne To1, Diana De Carvalho1, Rebecca Lawrence1, Elaine Toomey2, 

Amanda Hall3 

 

Affiliations: 1Division of Community Health and Humanities, Faculty of Medicine, 

Memorial University of Newfoundland, St. John’s, Newfoundland and Labrador, Canada. 

2School of Allied Health, Faculty of Education and Health Sciences, University of 

Limerick, Limerick, Ireland. 3Primary Healthcare Research Unit, Faculty of Medicine, 

Memorial University of Newfoundland, St. John’s, Newfoundland and Labrador, Canada. 

 

Corresponding author: Daphne To, Division of Community Health and Humanities, 

Faculty of Medicine, Memorial University of Newfoundland, St. John’s, Newfoundland 

and Labrador, Canada, daphne.to@mun.ca    

 

Anticipated start date: June 1, 2021 

Anticipated end date: March 31, 2022 

Competing interests: None to declare 

Funding sources: Not applicable 

https://doi.org/10.17605/OSF.IO/4DYUW


 xxii 

Author contributions: All authors took part in the design of the systematic review 

protocol and reviewed the protocol prior to registration. 

 

Abstract 

Background: Intervention fidelity refers to whether an intervention was delivered as 

intended. Interventions aimed at reducing non-indicated imaging for low back pain (LBP) 

have shown variable results of effectiveness. However, intervention fidelity has not been 

previously explored within this context, limiting the interpretation of the findings in these 

studies. 

Objectives: The aim of this systematic review is to review the literature on interventions 

designed to reduce non-indicated imaging for LBP in order to (1) examine the use of 

strategies to enhance and/or assess intervention fidelity; (2) report on the psychometric 

properties of tools used to assess intervention fidelity; and (3) report on the intervention 

fidelity outcome within evaluations of these interventions. 

Methods: Four electronic databases will be searched, with articles screened for inclusion 

by two reviewers. The National Institutes of Health Behaviour Change Consortium 

intervention fidelity checklist will be used to assess intervention fidelity across five 

domains (study design, provider training, delivery of treatment, treatment receipt, and 

treatment enactment). Intervention fidelity scores, psychometric properties of assessment 

measures, and intervention fidelity outcomes will be reported. 

Discussion: This will be the first review to examine intervention fidelity within studies of 

interventions aimed at reducing non-indicated imaging for LBP. 
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Introduction 

Intervention fidelity refers to the degree to which an intervention is delivered as intended 

by the intervention developers (1, 2). Within behaviour change research, intervention 

fidelity also refers to the methodological strategies used to monitor (e.g., direct 

observation, audiotapes, self-reported checklists) and enhance (e.g., intervention manual, 

standardised training) the reliability and validity of behavioural interventions (1-3). 

Intervention fidelity is an important component in the implementation of complex 

behavioural change interventions (4) and can influence intervention effectiveness (5), as 

well as confidence in the results of randomised controlled trials (1). 

 

The National Institutes of Health Behaviour Change Consortium (NIHBCC) developed a 

framework for intervention fidelity, including five domains: Study Design, Training of 

Providers, Delivery of Treatment, Receipt of Treatment, and Enactment of Treatment 

Skills (1). Study Design relates to whether the study adequately tests its hypothesis in 

relation to an underlying theoretical framework or mechanism of action. Training of 

Providers relates to the training process of providers, as well as the skills and ability of 

providers to deliver the intervention. Delivery of Treatment relates to whether the 

intervention was actually delivered as intended by the intervention developers. Receipt of 

Treatment relates to the ability of patients to understand and perform the treatment-related 

skills during the intervention. Enactment of Treatment Skills relates to the ability of the 

patients to perform the treatment-related skills in real-life settings.  
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Additionally, the NIHBCC developed a fidelity checklist in 2005 to evaluate intervention 

fidelity across the five domains in studies of health behaviour change research (2). The 

checklist has established face validity, as well as inter-rater reliability (2), and has been 

used in a variety of healthcare settings (6-8). The checklist was updated in 2011 to 

include items on behavioural theory and multi-cultural considerations (3). The updated 

checklist includes a total of 40 components for a two-armed trial (44 for three-armed 

trials and 48 for four-armed trials): 17 (two-armed; 21 for three-armed; 25 for four-

armed) in the Study Design domain; seven in the Training of Providers domain; nine in 

the Delivery of Treatment domain; five in the Receipt of Treatment domain; and two in 

the Enactment of Treatment Skills domain (3). 

 

Non-specific low back pain (LBP) is a common clinical condition with no 

pathoanatomical cause of pain (9). As such, diagnostic imaging has limited utility (9) and 

is not recommended by clinical practice guidelines for the assessment or management of 

LBP (10, 11). Despite this, imaging continues to be commonly used in clinical practice 

(12, 13). Interventions that have been used to reduce the use of non-indicated imaging 

include the distribution of educational materials, clinical decision support tools, modified 

requisition forms, targeted reminders, and audit and feedback (14-16). Evidence of 

effectiveness for these interventions has been variable (14-16), and to our knowledge, 

there has been no comprehensive assessment of intervention fidelity within this context. 

Without knowledge of intervention fidelity, it is unknown whether the interventions were 

truly ineffective or if they were ineffective due to poor intervention fidelity. As such, the 

aim of this systematic review is to review the literature on interventions designed to 
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reduce non-indicated imaging for LBP in order to (1) examine the use of strategies to 

enhance and assess intervention fidelity; (2) report on the psychometric properties of tools 

used to assess intervention fidelity; and (3) report on the intervention fidelity outcome 

within evaluations of these interventions. 

 

Methods 

A systematic review of the literature will be conducted to identify studies of interventions 

aimed at reducing imaging for LBP. The protocol for this study is designed and reported 

based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses for 

Protocols (PRISMA-P) (17). The protocol for this review will be registered prior to the 

study start on Open Science Framework. 

 

Data sources and inclusion criteria 

This review will update the search strategy of a recent review by our research group that 

aimed to determine the behaviour change techniques that have been used in interventions 

to improve adherence to evidence-based LBP imaging and reduce non-indicated imaging 

for LBP. The review searched MEDLINE (OVID) (Appendix 1), Embase, CINAHL 

(EBSCO), and the Cochrane Central Register of Controlled Trials from inception to 

February 2021. Additionally, references from five relevant systematic reviews were hand-

searched, forward and backward citation tracking of included studies was conducted, and 

content experts were consulted. The current review will use the same methodology as 

reported above to update the search. 
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Studies will be eligible if they were published in English and meet the inclusion criteria 

outlined in Table 1.  

 

Studies targeting patients or the public directly (e.g., mass media campaigns) and 

interventions designed to improve adherence to other aspects of LBP guidelines without 

targeting imaging will be excluded. 

 

Selection of studies 

Results from each database will be combined, duplicates removed, and exported to 

Covidence (Veritas Health Innovation, Melbourne, Australia) for screening. Two 

reviewers (DT and RL) will independently screen the titles and abstracts and review full 

texts for inclusion in the review. At each phase of screening, the reviewers will meet for 

consensus and any disagreements will be resolved by discussion. If consensus cannot be 

reached after discussion, a third reviewer (ET) will be consulted to determine eligibility. 

 

Data extraction and risk of bias assessment 

Two reviewers (DT and RL) will independently extract data on study characteristics from 

the included studies (Table 2), including details of: author, year, country, study design, 

participants, setting, intervention, comparator, and risk of bias. Risk of bias will be 

assessed using the Cochrane Effective Practice and Organisation of Care tool (18) by the 

same two reviewers. The two reviewers will also independently extract data on the 

psychometric properties (i.e., validity and reliability) and outcomes of intervention 

fidelity assessment measures (Table 3). Any disagreements in data extraction between the 
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two reviewers will be discussed to consensus, with any persisting discrepancies resolved 

by a third reviewer (ET).  

 

A codebook, adapted from Toomey et al. (2019) (8), will be developed by one of the 

authors (DT) to clarify each of the intervention fidelity components in the NIHBCC 

fidelity checklist. The codebook will be reviewed by a content expert in intervention 

fidelity (ET) for completeness and accuracy. Prior to data extraction of the intervention 

fidelity components, two reviewers (DT and RL) will pilot the codebook by 

independently using the codebook on 10% of the included studies. The reviewers will 

meet to review their interpretation of the codebook and discuss any discrepancies in 

coding of the intervention fidelity components. The content expert will be available to 

address any discrepancies that persist. When both reviewers are confident in their 

interpretation of the codebook, they will continue with data extraction independently.  

 

Data on intervention fidelity will be extracted for each eligible study by two reviewers 

(DT and RL) independently using the updated NIHBCC fidelity checklist (3) (Table 4). 

Each component of the checklist will be scored as: “present” (the study mentions a 

particular intervention fidelity strategy), corresponding to a score of 1; “absent but should 

be present” (intervention fidelity information was inappropriately omitted), corresponding 

to a score of 0; or “not applicable” (the intervention fidelity strategy was not applicable to 

the study) (2). Authors will be contacted if further information is required. Associated 

publications for the eligible studies will also be reviewed. The reviewers will meet to 

review extracted data at two study intervals (i.e., after every two studies). Discrepancies 
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or disagreements will be resolved through discussion to reach consensus. A third reviewer 

(ET) will be available to resolve any disagreements that persist. This will allow for the 

codebook to be updated after coding has begun in order to address any confusion with 

coding of the intervention fidelity components in the studies. This process will be 

repeated until data extraction has been completed for all eligible studies. 

 

Data analysis and synthesis 

Data on intervention fidelity will be synthesised according to the individual studies, 

NIHBCC component, and NIHBCC domain, as recommended by the developers (2). For 

individual studies, intervention fidelity scores will be calculated as the number of 

components coded as “present” as a proportion of the total number of components 

deemed “applicable” for that study (Table 5). For each NIHBCC domain, intervention 

fidelity scores will be calculated as the number of components coded as “present” as a 

proportion of the total number of components deemed “applicable” for that domain 

(Table 6). For each NIHBCC component, fidelity scores will be calculated as the number 

of studies with the component (“present”) as a proportion of the total number of studies 

where that component was deemed “applicable” (Table 7). Intervention fidelity scores 

will be interpreted as “low” (≤50%), “moderate” (51%-79%), and “high” (≥80%) (3). 

 

Ethics 

Not applicable. 

 

Plans for Dissemination 
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The systematic review will be reported according to the Preferred Reporting Items for 

Systematic Reviews and Meta-analyses (PRISMA) 2020 statement (19). Study results 

will be disseminated through publication in a peer-reviewed journal. 

 

Discussion 

To our knowledge, this will be the first review examining intervention fidelity within 

studies of interventions aimed at reducing non-indicated imaging for LBP. While many 

interventions aimed at addressing inappropriate imaging behaviours in primary care 

practices have been developed and tested, intervention effectiveness has been variable 

and inappropriate imaging remains common (12). This review on intervention fidelity 

within these studies may provide some insight into whether or not these interventions 

have been delivered as intended, allowing for better interpretation of the study results.  
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Appendix 3 Search strategy for MEDLINE 

 

1     Primary Health Care/  

2     physicians, primary care/ 

3     primary healthcare.ti,ab.  

4     (primary adj2 care).ti,ab.  

5     community medicine/  

6     community health centers/  

7     exp Community Health Services/  

8     community.ti,ab.  

9     Ambulatory Care/  

10     (ambulatory adj (care or setting?)).ti,ab.  

11     physicians' offices/  

12     clinic?.ti,ab. 

13     physicians, family/  

14     (family adj (medicine or practice or practitioner? or physician? or doctor?)).ti,ab.  

15     general practice/  

16     general practitioners/  

17     (general adj (practice or practioner?)).ti,ab.  

18     (gp or gps).ti,ab.  

19     exp Emergency Service, Hospital/  

20     Emergency Medicine/  

21     (emergency adj2 (department? or unit? or room? or physician?)).ti,ab.  
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22     (trauma adj2 (centre? or center? or department? or unit?)).ti,ab.  

23     (triage adj2 (centre? or center? or department? or unit?)).ti,ab.  

24     ("accident and emergency" or "accident & emergency").ti,ab.  

25     or/1-24  

26     Back Pain/  

27     Low Back Pain/  

28     (back or backache or backpain).ti,ab.  

29     dorsalgia.ti,ab.  

30     exp Spine/  

31     Lumbosacral Region/  

32     exp Spinal Diseases/  

33     (lumbar or lumbosacral or 'lumbo sacral' or spine or spinal).ti,ab.  

34     or/26-33  

35     diagnostic imaging/  

36     dg.fs.  

37     exp radiography/  

38     exp magnetic resonance imaging/  

39     exp image interpretation, computer-assisted/  

40     imaging.ti,ab.  

41     radiograph*.ti,ab.  

42     radiolog*.ti,ab.  

43     CT.ti,ab.  

44     'computed tomography'.ti,ab.  
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45     ('x ray?' or xray?).ti,ab. 

46     (mri or mris).ti,ab.  

47     or/35-46  

48     quality improvement/  

49     program evaluation/  

50     (program? or programme?).ti,ab.  

51     exp education, continuing/  

52     staff development/ 

53     Inservice Training/  

54     ed.fs.  

55     (educat* or teach* or train or training or instruction* or learn*).ti,ab. 

56     (lecture* or seminar* or presentation* or tutorial* or workshop* or 'work shop' or 

'work shops' or webinar*).ti,ab.  

57     academic detailing.ti,ab.  

58     patient education as topic/  

59     exp consumer health information/  

60     patient acceptance of healthcare/  

61     'patient education'.ti,ab.  

62     'consumer health'.ti,ab.  

63     exp teaching materials/  

64     pamphlets/  

65     (leaflet? or booklet? or poster? or pamphlet?).ti,ab.  

66     information dissemination/  
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67     translational medical research/  

68     'knowledge translation'.ti,ab.  

69     postal service/  

70     exp telecommunications/  

71     exp mass media/  

72     ((written or printed or oral) adj information).ti,ab.  

73     ((written or printed or oral) adj communication?).ti,ab.  

74     ((media or communication?) adj campaign?).ti,ab. 

75     choosing wisely.ti,ab.  

76     marketing.ti,ab.  

77     practice guidelines as topic/  

78     guideline adherence/  

79     (guideline? adj2 (adher* or comply* or complies or compliance or disseminat* or 

distribut*)).ti,ab.  

80     (protocol? adj2 (adher* or comply* or complies or compliance or disseminat* or 

distribut*)).ti,ab.  

81     (policy adj2 (change? or changing or modifi* or revise or revised or revision? or 

update?)).ti,ab.  

82     decision support techniques/  

83     decision support systems, clinical/  

84     reminder systems/  

85     'decision support'.ti,ab.  

86     reminder?.ti,ab.  
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87     prompt?.ti,ab.  

88     alert?.ti,ab.  

89     algorithm?.ti,ab.  

90     exp clinical audit/  

91     (audit* adj2 (clinical or medical or record? or chart?)).ti,ab.  

92     chart review*.ti,ab.  

93     feedback/  

94     feedback.ti,ab.  

95     benchmarking/  

96     Attitude of Health Personnel/  

97     exp Health Knowledge, Attitudes, Practice/  

98     (attitude? adj2 (physician? or resident? or clinician? or provider?)).ti,ab.  

99     (belief? adj2 (physician? or resident? or clinician? or provider?)).ti,ab.  

100     behavio?ral change?.ti,ab.  

101     Practice Patterns, Physicians'/  

102     Utilization Review/  

103     utili?ation.ti,ab.  

104     or/48-103  

105     exp medical overuse/  

106     (overuse or 'over use').ti,ab.  

107     (decreas* adj2 (referral* or imaging or radiograph* or radiolog* or CT or 

'computed tomography' or 'x ray?' or xray? or mri or mris)).ti,ab.  
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108     (reduc* adj2 (referral* or imaging or radiograph* or radiolog* or CT or 'computed 

tomography' or 'x ray?' or xray? or mri or mris)).ti,ab.  

109     (increas* adj2 (referral* or imaging or radiograph* or radiolog* or CT or 

'computed tomography' or 'x ray?' or xray? or mri or mris)).ti,ab.  

110     (unnecessary adj2 (referral* or imaging or radiograph* or radiolog* or CT or 

'computed tomography' or 'x ray?' or xray? or mri or mris)).ti,ab.  

111     (appropriate* adj2 (referral* or imaging or radiograph* or radiolog* or CT or 

'computed tomography' or 'x ray?' or xray? or mri or mris)).ti,ab.  

112     (inappropriate* adj2 (referral* or imaging or radiograph* or radiolog* or CT or 

'computed tomography' or 'x ray?' or xray? or mri or mris)).ti,ab.  

113     or/106-112  

114     exp clinical trial/  

115     exp clinical trials as topic/  

116     random*.ti,ab.  

117     Health Services Research/  

118     Comparative Study/  

119     Controlled Before-After Studies/  

120     Prospective Studies/  

121     prospective.ti,ab.  

122     (before adj2 after).ti,ab.  

123     (pretest adj posttest).ti,ab.  

124     pre post test*.ti,ab. 

125     pretesting.ti,ab.  
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126     repeated measurement?.ti,ab.  

127     repeated measure?.ti,ab.  

128     time series.mp.  

129     (control* adj3 (study or design or trial or matched or group)).mp.  

130     quasi-experimental.mp.  

131     or/114-130  

132     25 and 34 and 47 and (104 or 113) and 131  



 xxxix 

Appendix 4 Codebook to clarify each of the intervention fidelity strategies in the NIHBCC fidelity checklist 

 

The target behaviour is changing imaging ordering behaviours of the healthcare providers (i.e., physicians). 

The providers of the intervention refers to people who will be delivering the intervention (i.e., research team) to the healthcare 

providers. 

The participants in the studies/those who will be receiving the intervention are the healthcare providers (i.e., the intervention is 

targeted at the healthcare providers). 

 

The checklist applies to complex behaviour change interventions aiming directly at physicians to change their imaging ordering 

behaviours delivered in any modality or format. If interventions have multiple components, each component is scored on the 

checklist separately.  

Llll5x 

 

Five domains – who would be the likely targets of the domain: 

Study design – should focus on the intervention design itself 

Training – should focus on the providers of the intervention (e.g., research team) 
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Delivery – should focus on the delivery of the intervention to the physicians by the providers 

Receipt – should focus on physicians 

Enactment – should focus on the physicians 

Domain Component Operational definition (with examples) Type of 
strategy 
(Enhancement 
or Assessment) 

Study 
Design 

1) Provide information about dose in the 
intervention condition 

  

 a) Length of contact Length of sessions – e.g., workshop lasted 3 hours each 
 
N/A for electronic/automated interventions or for 
interventions that only had a brief point of contact (e.g., 
postal dissemination of guideline to physician, giving an 
educational pamphlet) 

Enhancement 

 b) Number of contacts Number of contacts made with physicians – e.g., once 
(e.g., for electronic interventions); 2 workshops; # of 
times feedback provided in A&F interventions 

Enhancement 

 c) Content of intervention What intervention consisted of/was to consist of – e.g., 
educational reminder message; workshops were a 
combination of didactic lectures and small group 
discussions and activities; guideline that was distributed 

Enhancement 

 d) Duration of contact over time Length of overall intervention – e.g., # of sessions over 
time reported; duration of time feedback period covered 
(A&F interventions); period of time prompts were 
provided (for automated interventions with a series of 
prompts) 
 

Enhancement 
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N/A for one-time electronic/automated interventions, 
policy interventions, one-time postal dissemination of 
guidelines 
 
0 if the intervention period was not reported 

 2) Provide information about treatment 
dose in the comparison condition (1 
comparison) 

Same as 1a) – 1d)   

 a) Length of contact  Enhancement 
 b) Number of contacts  Enhancement 
 c) Content of treatment  Enhancement 
 d) Duration of contact over time  Enhancement 
 e) Method to ensure that dose is 

equivalent between conditions 
Only applies if there was a comparison intervention 
 
Something that aims to ensure that delivery of dose is 
equal between intervention and comparison – e.g., 
treatment manual specifying dose 
 
N/A if dose is not meant to be equal 

Enhancement 

 f) Method to ensure that dose is 
equivalent for participants within 
conditions 

Only applies if there was a comparison intervention 
 
Something that aims to ensure that delivery of dose is 
equal within intervention and/or within comparison groups 
– e.g., DVD distributed to all physicians in intervention 
group (delivering same intervention content and 
messages) 
 
May be 1 for automated interventions – e.g., every 
physician receives a change in ordering procedure 

Enhancement 

 2a) Provide information about treatment 
dose in the comparison condition (2+ 
comparisons) 

As above, only if more than one comparison group used 
(otherwise, N/A) 

 

 a) Length of contact   
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 b) Number of contacts   
 c) Content of treatment   
 d) Duration of contact over time   
 3) Specification of provider credentials 

that are needed 
Must mention credentials or experience needed to provide 
intervention/control (including research team) – e.g., 
radiologist; clinicians with teaching experience; research 
training background 
 
N/A for interventions that do not have a specific provider 
for the intervention (e.g., postal dissemination of 
guidelines, policy, automated intervention) 

Enhancement 

 4) Theoretical model upon which the 
intervention is based is clearly articulated 

  

 a) The active ingredients are 
specified and incorporated into the 
intervention 

Theoretical model must be mentioned and 
specified/detailed how incorporated into intervention – 
e.g., social cognitive theory and how aspects of this 
intervention targeted this theory; “The intervention will 
consist of a combination of behaviour change techniques. 
These techniques will be utilised throughout the 
workshops… These specific techniques have been chosen 
because they are considered the best approach to address 
the barriers and enablers to the CPG's implementation” 
 
*If active ingredients are specified but not explicitly 
detailed if incorporated into the intervention, code as ‘yes’ 
and add a comment indicating that it was not explicitly 
detailed if active ingredients were incorporated into the 
intervention 

Enhancement 

 b) Use of experts or protocol review 
group to determine whether the 
intervention protocol reflects the 
underlying theoretical model or 
clinical guidelines 

Review team or experts assessed accuracy of intervention 
components – e.g., use of focus group interviews with 
physicians to identify constructs relevant to target 
behaviour; experts in BCTs identifying if intervention 
included BCTs 

Assessment 
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 c) Plan to ensure that the measures 
reflect the hypothesized theoretical 
constructs/mechanisms of action 

Outcome measures used should map to hypothesised 
theoretical constructs – e.g., if hypothesis is reducing 
healthcare utilisation, that should be measured; if goal was 
to reduce imaging ordering behaviours by improving self-
efficacy of physicians, outcomes for self-efficacy should 
be measured 
 
Only applies to studies which scored a 1 in component 4a)  

Enhancement 

 5) Potential confounders that limit the 
ability to make conclusions at the end of 
the trial are identified 

Potential confounders should be acknowledged and 
identified – e.g., variables such as clinic size, location of 
practice, number of years in practice, other similar 
interventions occurring at time of current intervention 
 
N/A for study designs that are not RCTs or cluster RCTs 

Enhancement 

 6) Plan to address possible setbacks in 
implementation (i.e., backup systems or 
providers) 

Plan for setbacks in implementation – e.g., backup system; 
DVD provided if physicians cannot attend face-to-face 
workshop 

Enhancement 

 7) If more than one intervention is 
described, all described equally well 

If 2+ interventions involved, all should be described 
equally well 
 
Note: This applies to comparison interventions 
 
N/A if only one intervention  

Enhancement 

Training  May be N/A for electronic/automated interventions, A&F 
interventions (e.g., if interaction did not require a trained 
human to perform any part of the intervention) 
 
*This section looks at the training of the people providing 
the intervention to the physicians (e.g., research team 
members) 
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 8) Description of how providers will be 
trained (manual of training procedures) 

Must report some information on how people providing 
the intervention were prepared to do so – e.g., content; 
method; duration; reference a protocol or manual; 
describes training of research team  

Enhancement 

 9) Standardisation of provider training 
(especially if multiple waves of training 
are needed for multiple groups of 
providers) 

Must report a method to enhance standardisation of 
training or enhance the potential for the training to be 
delivered similarly each time – e.g., training manual; 
training multiple providers at once 
 
N/A if only one provider was used for the entire 
intervention 

Enhancement 

 10) Assessment of provider skill 
acquisition 

Any method to assess provider skill acquisition from 
training – e.g., pre-post assessment of knowledge of 
intervention after training session 

Assessment 

 11) Assessment and monitoring of 
provider skill maintenance over time 

Any method to assess and monitor provider skill over the 
duration of the intervention/trial – e.g., direct observation 
of sessions; ongoing supervision; ongoing contact with 
research team; booster sessions 

Assessment 

 12) Characteristics being sought in a 
treatment provider are articulated a priori. 
Characteristics that should be avoided in a 
treatment provider are articulated a priori 

Report what characteristics are sought in a provider – e.g., 
years of experience; type of experience; knowledge in area 
 

Enhancement 

 13) At the hiring stage, assessment of 
whether or not there is a good fit between 
the provider and the intervention 

Attitudes of provider assessed prior to delivery – e.g., 
provider acceptability of intervention 
 
May be N/A if the providers were not hired, but were just 
members of the research team 

Assessment 

 14) There is a training plan that takes into 
account trainees’ different education and 
experience and learning styles 

Plans to tailor training according to provider’s experience 
and learning style – e.g., role plays, verbal and visual 
delivery styles used 

Enhancement 

Intervention 
Delivery 

15) Method to ensure that the content of 
the intervention is delivered as specified 

Anything that aims to ensure that intervention is delivered 
as intended to physicians – e.g., manual with details of 
intervention content; self-report or reminder checklists 

Enhancement 



 xlv 

 
May be N/A for electronic/automated interventions, 
electronic A&F interventions 

 16) Method to ensure that the dose of the 
intervention is delivered as specified 

Anything that aims to ensure that intervention is delivered 
as intended to physicians – e.g., manual with details of 
intervention dose (such as timing of intervention 
components); self-report or reminder checklists; checked 
rate of educational message attachment 
 
May be 1 for electronic/automated interventions, 
electronic A&F interventions – e.g., every physician 
receives the same change in ordering procedure or same 
policy applied 

Enhancement 

 17) Mechanism to assess if the provider 
actually adhered to the intervention plan or 
in the case of computer delivered 
interventions, method to assess 
participants’ contact with the information 

Any method to assess provider’s actual delivery of the 
intervention content and/or dose to physicians – e.g., 
audio recording to assess content; record of attendance is a 
method of assessing dose 
 
Electronic/automated interventions and A&F interventions 
– any method to assess physician contact with the 
information – e.g., electronic data; website access records 
 
Always relevant 

Assessment 

 18) Assessment of nonspecific effects of 
the intervention 

Any method to assess provider’s actual quality of delivery 
of the intervention – e.g., direct observation; audio/video 
recording; self-report (evaluating therapeutic alliance) 
 
N/A for electronic/automated interventions, electronic 
A&F interventions, or interventions where there is no 
direct contact between the provider and physician 

Assessment 

 19) Use of intervention manual Treatment manual, protocol, or written instructions to 
providers used 
 

Enhancement 
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N/A for electronic/automated interventions, electronic 
A&F interventions, or interventions where there is no 
direct contact between the provider and physician 

 20) There is a plan for the assessment of 
whether or not the active ingredients were 
delivered 

Any method to assess provider’s actual delivery of the 
active ingredients of the intervention – e.g., direct 
observations; audio/video recording; self-report; whether 
or not planned BCTs were delivered; how issues with 
technology were addressed if they occurred 
 
Always relevant 

Assessment 

 21) There is a plan for the assessment of 
whether or not proscribed components 
were delivered (e.g., components that are 
unnecessary or unhelpful) 

Any method to assess provider’s actual delivery of the 
intervention content – e.g., direct observations; 
audio/video recording; self-report; if an unintended BCT 
was delivered; how issues with technology were addressed 
if they occurred 
 
Always relevant 
 
*This looks at whether there was an assessment of 
components of the intervention that should not be 
provided  

Assessment 

 22) There is a plan for how will 
contamination between conditions be 
prevented 

Any method to ensure that intervention group will not 
contaminate the control group – e.g., cluster 
randomisation 

Enhancement 

 23) There is an a priori specification of 
intervention fidelity  

Specification of desired intervention fidelity – e.g., 
providers adhere to delivering > 80% of components 
 
Always relevant 

Assessment 

Intervention 
Receipt 

 May be N/A for electronic/automated interventions and 
electronic A&F interventions (where there is no 
interaction between provider and physician) 
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 24) There is an assessment of the degree to 
which participants understood the 
intervention 

Any method to assess physician’s understanding of 
intervention components – e.g., exit questionnaire on 
understanding; knowledge assessment 
 
Always relevant 

Assessment 

 25) There are specification of strategies 
that will be used to improve participant 
comprehension of the intervention 

Methods that aim to improve physician’s understanding of 
the intervention – e.g., education sessions, handouts, 
question and answer, group discussions 
 
Always relevant 

Enhancement 

 26) The participants’ ability to perform the 
intervention skills will be assessed during 
the intervention period 

Any method to assess physician’s ability to perform the 
intervention skills or behaviours during the intervention 
session – e.g., direct observation of physicians discussing 
why imaging is not indicated during the intervention 
session 
 
May be N/A for electronic/automated interventions and 
A&F interventions when there is no interaction between 
the research team and the physician (e.g., if the 
intervention is not skills-based) 

Assessment 

 27) A strategy will be used to improve 
subject performance of intervention skills 
during the intervention period 

Methods aimed to improve physician’s ability to perform 
intervention skills or behaviours during the intervention 
session – e.g., practical sessions, role play 
 
May be N/A for electronic/automated interventions and 
A&F interventions when there is no interaction between 
the research team and the physician (e.g., if the 
intervention is not skills-based) 

Enhancement 

 28) Multicultural factors considered in the 
development and delivery of the 
intervention (e.g., provided in native 
language; protocol is consistent with the 
values of the target group) 

Handouts provided in local language, participant 
stakeholders involved in intervention development process 
– e.g., knowledge of acceptability or satisfaction by 
physicians 
 
Always relevant 

Enhancement 
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Intervention 
Enactment  

29) Participant performance of the 
intervention skills will be assessed in 
settings in which the intervention might be 
applied 

Methods to assess physician’s performance of intervention 
skills in the clinic – e.g., physician’s imaging ordering 
behaviours; adherence; communication skills 
 
Note: This should be a continued assessment during the 
time that physicians should be performing the intervention 
skills. This does NOT refer to outcome measurements 
(e.g., taken at 6 months post-intervention). 
 
N/A for interventions that are not skills-based 

Assessment 

 30) A strategy will be used to improve 
performance of the intervention skills in 
settings in which the intervention might be 
applied 

Methods that aim to improve physician’s use of 
intervention skills in the clinic – e.g., continued reminders, 
handouts  
 
N/A for interventions that are not skills-based 

Enhancement 
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Appendix 5a Reporting of all (applicable) strategies to enhance fidelity to study design listed in the NIHBCC checklist for all 50 
intervention components 
 

 1a) 1b) 1c) 1d) 2a) 2b) 2c) 2d) 2e) 2f) 3) 4a) 4c) 5) 6) 7) Fidelity 
score 
(%) 

Single component interventions 
Fine (2017) N/A 1 1 N/A N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 N/A N/A 75 
Fenton (2016) 1 1 1 1 N/A 1 1 N/A N/A 1 0 0 N/A N/A 0 1 72.7 
French (2013) 1 1 1 1 N/A 1 1 N/A N/A 1 1 1 1 N/A 1 N/A 100 
Winkens (1995) N/A 1 1 1 N/A N/A N/A N/A N/A N/A 1 0 N/A N/A 0 N/A 66.7 
Graves (2018) N/A 1 1 N/A N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 N/A N/A 75 
Robling (2002a) 0 1 0 1 N/A 1 0 1 N/A 0 0 0 N/A N/A 0 N/A 40 
Robling (2002b) 
Intervention 1 

0 1 1 0 N/A 1 1 N/A N/A 1 1 0 N/A N/A 0 0 60 

Robling (2002b) 
Intervention 2 

N/A 1 0 N/A N/A 1 1 N/A N/A N/A N/A 0 N/A N/A 0 0 42.9 

Oakeshott (1994) N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A N/A 0 N/A 60 
Wang (2018) 1 1 1 1 N/A N/A N/A N/A N/A N/A 0 0 N/A 1 0 N/A 62.5 
Wang (2021) 
Intervention 1 

N/A 1 1 N/A N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 1 66.7 

Wang (2021) 
Intervention 2 

1 1 1 1 N/A N/A N/A N/A N/A N/A 0 0 N/A 1 0 1 66.7 

Fried (2018) N/A 1 1 0 N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 N/A 50 
Solberg (2010) N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 N/A 66.7 
Chen (2020) N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 N/A 66.7 
Jarvik (2020) N/A 1 1 1 N/A 1 1 1 N/A 1 N/A 0 N/A N/A 0 N/A 77.8 
Min (2017) N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 N/A 66.7 
Baker (1987) N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A 0 0 N/A 50 
Multi-component interventions 
Kullgren (2018) 
a) 

N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A 
 

N/A 0 N/A 60 
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 1a) 1b) 1c) 1d) 2a) 2b) 2c) 2d) 2e) 2f) 3) 4a) 4c) 5) 6) 7) Fidelity 
score 
(%) 

Kullgren (2018) 
b) 

N/A 1 1 1 N/A N/A N/A N/A N/A N/A 1 0 N/A N/A 0 N/A 66.7 

Kullgren (2018) 
c) 

N/A 1 1 1 N/A N/A N/A N/A N/A N/A 1 0 N/A N/A 0 N/A 66.7 

Kullgren (2018) 
d) 

N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A N/A 0 N/A 60 

Lin (2016) a) 1 1 1 1 N/A N/A N/A N/A N/A N/A 0 1 1 1 0 N/A 77.8 
Lin (2016) b) 0 1 1 1 N/A N/A N/A N/A N/A N/A 0 1 1 1 0 N/A 75 
Lin (2016) c) N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 1 1 1 0 N/A 85.7 
Ip (2014) a) N/A 1 1 0 N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 N/A 50 
Ip (2014) b) 0 1 0 0 N/A N/A N/A N/A N/A N/A 1 0 N/A 1 0 N/A 42.9 
Ip (2014) c) N/A 1 1 0 N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 N/A 50 
Eccles (2001) a) N/A 1 1 N/A N/A 1 1 N/A N/A 0 N/A 0 N/A N/A 0 N/A 57.1 
Eccles (2001) 
Intervention 1 b) 

N/A 1 1 1 N/A 1 1 N/A N/A 0 N/A 0 N/A N/A 0 N/A 62.5 

Eccles (2001) 
Intervention 2 b) 

N/A 1 1 1 N/A 1 1 N/A N/A 0 1 0 N/A N/A 0 N/A 66.7 

Kerry (2000) a) N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A N/A 0 N/A 60 
Kerry (2000) b) N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A N/A 0 N/A 60 
Morgan (2019) 
a) 

N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 N/A 66.7 

Morgan (2019) 
b) 

N/A 1 1 0 N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 N/A 50 

Morgan (2019) 
c) 

N/A 1 1 0 N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 N/A 50 

Zafar (2019) a) N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A N/A 0 1 66.7 
Zafar (2019) b) N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A N/A 0 1 66.7 
Klein (2000) a) N/A 1 1 N/A N/A N/A N/A N/A N/A N/A N/A 0 N/A 0 0 N/A 40 
Klein (2000) b) 0 0 1 0 N/A N/A N/A N/A N/A N/A N/A 0 N/A 0 1 N/A 33.3 
Klein (2000) c) 0 1 0 0 N/A N/A N/A N/A N/A N/A 0 0 N/A 0 0 N/A 14.3 
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 1a) 1b) 1c) 1d) 2a) 2b) 2c) 2d) 2e) 2f) 3) 4a) 4c) 5) 6) 7) Fidelity 
score 
(%) 

Powell (2019) a) N/A 1 1 N/A N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 N/A 60 
Powell (2019) b) 0 1 1 N/A N/A N/A N/A N/A N/A N/A 1 0 N/A 1 0 N/A 66.7 
Freeborn (1997) 
a) 

N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 N/A 66.7 

Freeborn (1997) 
b) 

N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 N/A 66.7 

Freeborn (1997) 
c) 

N/A 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A 1 0 N/A 66.7 

Tracey (1994) a) 0 1 1 1 N/A N/A N/A N/A N/A N/A N/A 0 N/A 0 0 N/A 50 
Tracey (1994) b) 0 1 1 0 N/A N/A N/A N/A N/A N/A 0 0 N/A 0 0 N/A 28.6 
Tracey (1994) c) 0 1 1 0 N/A N/A N/A N/A N/A N/A N/A 0 N/A 0 0 N/A 33.3 
Tracey (1994) d) N/A 1 1 1 N/A N/A N/A N/A N/A N/A 1 0 N/A 0 0 N/A 57.1 
% of 
intervention 
components 
using fidelity 
strategy 

33.3 98 92 73.8 N/A 100 88.9 100 N/A 50 52.9 8.0 100 74.2 4.2 71.4  

Fidelity score: (Number of strategies reported in intervention component / Number of strategies applicable to intervention component) x 
100% 
% of intervention components using fidelity strategy: (Number of intervention components reporting strategy / Number of intervention 
components the strategy was applicable for) x 100% 
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Appendix 5b Reporting of all (applicable) strategies to enhance fidelity to provider training listed in the NIHBCC checklist for 
all 50 intervention components 
 

 8) 9) 12) 14) Fidelity score (%) 
Single component interventions 
Fine (2017) N/A N/A N/A N/A N/A 
Fenton (2016) 0 0 0 0 0 
French (2013) 0 0 1 0 25 
Winkens (1995) 0 0 1 0 25 
Graves (2018) N/A N/A N/A N/A N/A 
Robling (2002a) 0 0 0 0 0 
Robling (2002b) Intervention 1 0 0 0 0 0 
Robling (2002b) Intervention 2 N/A N/A N/A N/A N/A 
Oakeshott (1994) N/A N/A N/A N/A N/A 
Wang (2018) 0 0 0 0 0 
Wang (2021) Intervention 1 N/A N/A N/A N/A N/A 
Wang (2021) Intervention 2 0 0 0 0 0 
Fried (2018) N/A N/A N/A N/A N/A 
Solberg (2010) N/A N/A N/A N/A N/A 
Chen (2020) N/A N/A N/A N/A N/A 
Jarvik (2020) N/A N/A N/A N/A N/A 
Min (2017) N/A N/A N/A N/A N/A 
Baker (1987) N/A N/A N/A N/A N/A 
Multi-component interventions 
Kullgren (2018) a) N/A N/A N/A N/A N/A 
Kullgren (2018) b) 1 1 0 0 50 
Kullgren (2018) c) 1 1 0 0 50 
Kullgren (2018) d) N/A N/A N/A N/A N/A 
Lin (2016) a) 0 0 0 0 0 
Lin (2016) b) 0 0 0 0 0 
Lin (2016) c) N/A N/A N/A N/A N/A 
Ip (2014) a) N/A N/A N/A N/A N/A 
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 8) 9) 12) 14) Fidelity score (%) 
Ip (2014) b) 0 0 0 0 0 
Ip (2014) c) N/A N/A N/A N/A N/A 
Eccles (2001) a) N/A N/A N/A N/A N/A 
Eccles (2001) Intervention 1 b) N/A N/A N/A N/A N/A 
Eccles (2001) Intervention 2 b) N/A N/A N/A N/A N/A 
Kerry (2000) a) N/A N/A N/A N/A N/A 
Kerry (2000) b) N/A N/A N/A N/A N/A 
Morgan (2019) a) N/A N/A N/A N/A N/A 
Morgan (2019) b) N/A N/A N/A N/A N/A 
Morgan (2019) c) N/A N/A N/A N/A N/A 
Zafar (2019) a) N/A N/A N/A N/A N/A 
Zafar (2019) b) N/A N/A N/A N/A N/A 
Klein (2000) a) N/A N/A N/A N/A N/A 
Klein (2000) b) 0 0 0 0 0 
Klein (2000) c) 0 0 0 0 0 
Powell (2019) a) N/A N/A N/A N/A N/A 
Powell (2019) b) 0 0 0 0 0 
Freeborn (1997) a) N/A N/A N/A N/A N/A 
Freeborn (1997) b) N/A N/A N/A N/A N/A 
Freeborn (1997) c) N/A N/A N/A N/A N/A 
Tracey (1994) a) N/A N/A N/A N/A N/A 
Tracey (1994) b) 0 0 0 0 0 
Tracey (1994) c) 0 0 0 0 0 
Tracey (1994) d) N/A N/A N/A N/A N/A 
% of intervention components 
using fidelity strategy 

11.8 11.8 11.8 0  

Fidelity score: (Number of strategies reported in intervention component / Number of strategies 
applicable to intervention component) x 100% 
% of intervention components using fidelity strategy: (Number of intervention components reporting 
strategy / Number of intervention components the strategy was applicable for) x 100% 
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Appendix 5c Reporting of all (applicable) strategies to enhance fidelity to intervention delivery listed in the NIHBCC checklist 
for all 50 intervention components 
 

 15) 16) 19) 22) Fidelity score (%) 
Single component interventions 
Fine (2017) 0 0 N/A N/A 0 
Fenton (2016) 1 1 0 0 50 
French (2013) 1 1 1 1 100 
Winkens (1995) 0 0 0 1 25 
Graves (2018) 0 0 N/A N/A 0 
Robling (2002a) 0 0 0 1 25 
Robling (2002b) Intervention 1 0 0 0 1 25 
Robling (2002b) Intervention 2 0 0 N/A 1 33.3 
Oakeshott (1994) 0 0 0 1 25 
Wang (2018) 0 0 0 N/A 0 
Wang (2021) Intervention 1 0 0 N/A 0 0 
Wang (2021) Intervention 2 0 0 0 0 0 
Fried (2018) 0 0 N/A N/A 0 
Solberg (2010) 1 1 N/A 1 100 
Chen (2020) 1 1 N/A N/A 100 
Jarvik (2020) 1 1 N/A 1 100 
Min (2017) 0 0 N/A N/A 0 
Baker (1987) 1 1 N/A N/A 100 
Multi-component interventions 
Kullgren (2018) a) 1 1 1 N/A 100 
Kullgren (2018) b) 0 0 1 N/A 33.3 
Kullgren (2018) c) 0 0 1 N/A 33.3 
Kullgren (2018) d) 0 0 N/A N/A 0 
Lin (2016) a) 0 0 0 N/A 0 
Lin (2016) b) 0 0 0 N/A 0 
Lin (2016) c) 0 0 0 N/A 0 
Ip (2014) a) 1 0 N/A N/A 50 
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 15) 16) 19) 22) Fidelity score (%) 
Ip (2014) b) 0 0 0 N/A 0 
Ip (2014) c) 0 0 N/A N/A 0 
Eccles (2001) a) 0 0 N/A 1 33.3 
Eccles (2001) Intervention 1 b) 0 0 N/A 1 33.3 
Eccles (2001) Intervention 2 b) 0 1 N/A 1 66.7 
Kerry (2000) a) 0 0 N/A 1 33.3 
Kerry (2000) b) 0 0 N/A 1 33.3 
Morgan (2019) a) 0 0 0 N/A 0 
Morgan (2019) b) 1 0 N/A N/A 50 
Morgan (2019) c) 1 0 N/A N/A 50 
Zafar (2019) a) 0 0 N/A 1 33.3 
Zafar (2019) b) 1 1 N/A 1 100 
Klein (2000) a) 0 0 N/A N/A 0 
Klein (2000) b) 0 0 0 N/A 0 
Klein (2000) c) 0 0 0 N/A 0 
Powell (2019) a) 1 1 N/A N/A 100 
Powell (2019) b) 0 0 0 N/A 0 
Freeborn (1997) a) 1 1 N/A 1 100 
Freeborn (1997) b) 1 1 N/A 1 100 
Freeborn (1997) c) 1 1 N/A 1 100 
Tracey (1994) a) 0 0 N/A N/A 0 
Tracey (1994) b) 0 0 N/A N/A 0 
Tracey (1994) c) 0 0 0 N/A 0 
Tracey (1994) d) 0 0 N/A N/A 0 
% of intervention components using 
fidelity strategy 

30 26 20 85.7  

Fidelity score: (Number of strategies reported in intervention component / Number of strategies 
applicable to intervention component) x 100% 
% of intervention components using fidelity strategy: (Number of intervention components 
reporting strategy / Number of intervention components the strategy was applicable for) x 100% 
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Appendix 5d Reporting of all (applicable) strategies to enhance fidelity to intervention receipt listed in the NIHBCC checklist 
for all 50 intervention components 
 

 25) 27) 28) Fidelity score (%) 
Single component interventions 
Fine (2017) 0 N/A 0 0 
Fenton (2016) 0 1 0 33.3 
French (2013) 1 1 0 66.7 
Winkens (1995) 0 N/A 0 0 
Graves (2018) 0 N/A 0 0 
Robling (2002a) 0 N/A 0 0 
Robling (2002b) Intervention 1 1 N/A 0 50 
Robling (2002b) Intervention 2 1 N/A 0 50 
Oakeshott (1994) 0 N/A 0 0 
Wang (2018) 0 N/A 0 0 
Wang (2021) Intervention 1 0 N/A 0 0 
Wang (2021) Intervention 2 0 N/A 0 0 
Fried (2018) 0 N/A 0 0 
Solberg (2010) 0 N/A 0 0 
Chen (2020) 0 N/A 0 0 
Jarvik (2020) 0 N/A 0 0 
Min (2017) 1 N/A 0 50 
Baker (1987) 0 N/A 0 0 
Multi-component interventions 
Kullgren (2018) a) 0 N/A 0 0 
Kullgren (2018) b) 0 N/A 0 0 
Kullgren (2018) c) 0 N/A 0 0 
Kullgren (2018) d) 0 N/A 0 0 
Lin (2016) a) 0 1 0 33.3 
Lin (2016) b) 0 N/A 0 0 
Lin (2016) c) 0 N/A 0 0 
Ip (2014) a) 1 N/A 0 50 
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 25) 27) 28) Fidelity score (%) 
Ip (2014) b) 0 N/A 0 0 
Ip (2014) c) 0 N/A 0 0 
Eccles (2001) a) 0 N/A 0 0 
Eccles (2001) Intervention 1 b) 0 N/A 0 0 
Eccles (2001) Intervention 2 b) 0 N/A 0 0 
Kerry (2000) a) 0 N/A 0 0 
Kerry (2000) b) 0 N/A 0 0 
Morgan (2019) a) 1 N/A 0 50 
Morgan (2019) b) 0 0 0 0 
Morgan (2019) c) 0 N/A 0 0 
Zafar (2019) a) 0 N/A 0 0 
Zafar (2019) b) 1 N/A 0 50 
Klein (2000) a) 1 N/A 0 50 
Klein (2000) b) 0 N/A 0 0 
Klein (2000) c) 0 N/A 0 0 
Powell (2019) a) 1 N/A 0 50 
Powell (2019) b) 0 N/A 0 0 
Freeborn (1997) a) 1 N/A 0 50 
Freeborn (1997) b) 0 N/A 0 0 
Freeborn (1997) c) 1 N/A 0 50 
Tracey (1994) a) 0 N/A 0 0 
Tracey (1994) b) 0 0 0 0 
Tracey (1994) c) 0 N/A 0 0 
Tracey (1994) d) 0 N/A 0 0 
% of intervention components using 
fidelity strategy 

22 60 0  

Fidelity score: (Number of strategies reported in intervention component / Number of 
strategies applicable to intervention component) x 100% 
% of intervention components using fidelity strategy: (Number of intervention components 
reporting strategy / Number of intervention components the strategy was applicable for) x 
100% 
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Appendix 5e Reporting of all (applicable) strategies to enhance fidelity to intervention enactment listed in the NIHBCC 
checklist for all 50 intervention components 
 

 30) Fidelity score (%) 
Single component interventions 
Fine (2017) N/A N/A 
Fenton (2016) 0 0 
French (2013) 0 0 
Winkens (1995) N/A N/A 
Graves (2018) N/A N/A 
Robling (2002a) N/A N/A 
Robling (2002b) Intervention 1 N/A N/A 
Robling (2002b) Intervention 2 N/A N/A 
Oakeshott (1994) N/A N/A 
Wang (2018) N/A N/A 
Wang (2021) Intervention 1 N/A N/A 
Wang (2021) Intervention 2 N/A N/A 
Fried (2018) N/A N/A 
Solberg (2010) N/A N/A 
Chen (2020) N/A N/A 
Jarvik (2020) N/A N/A 
Min (2017) N/A N/A 
Baker (1987) N/A N/A 
Multi-component interventions 
Kullgren (2018) a) N/A N/A 
Kullgren (2018) b) N/A N/A 
Kullgren (2018) c) N/A N/A 
Kullgren (2018) d) N/A N/A 
Lin (2016) a) 0 0 
Lin (2016) b) N/A N/A 
Lin (2016) c) N/A N/A 
Ip (2014) a) N/A N/A 
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 30) Fidelity score (%) 
Ip (2014) b) N/A N/A 
Ip (2014) c) N/A N/A 
Eccles (2001) a) N/A N/A 
Eccles (2001) Intervention 1 b) N/A N/A 
Eccles (2001) Intervention 2 b) N/A N/A 
Kerry (2000) a) N/A N/A 
Kerry (2000) b) N/A N/A 
Morgan (2019) a) N/A N/A 
Morgan (2019) b) 0 0 
Morgan (2019) c) N/A N/A 
Zafar (2019) a) N/A N/A 
Zafar (2019) b) N/A N/A 
Klein (2000) a) N/A N/A 
Klein (2000) b) N/A N/A 
Klein (2000) c) N/A N/A 
Powell (2019) a) N/A N/A 
Powell (2019) b) N/A N/A 
Freeborn (1997) a) N/A N/A 
Freeborn (1997) b) N/A N/A 
Freeborn (1997) c) N/A N/A 
Tracey (1994) a) N/A N/A 
Tracey (1994) b) 0 0 
Tracey (1994) c) N/A N/A 
Tracey (1994) d) N/A N/A 
% of intervention components using 
fidelity strategy 

0  

Fidelity score: (Number of strategies reported in intervention component / 
Number of strategies applicable to intervention component) x 100% 
% of intervention components using fidelity strategy: (Number of 
intervention components reporting strategy / Number of intervention 
components the strategy was applicable for) x 100% 
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Appendix 5f Reporting of all (applicable) strategies to assess fidelity to study design listed in the NIHBCC checklist for all 50 
intervention components 
 

 4b) Fidelity score (%) 
Single component interventions 
Fine (2017) 0 0 
Fenton (2016) 1 100 
French (2013) 1 100 
Winkens (1995) 1 100 
Graves (2018) 1 100 
Robling (2002a) 0 0 
Robling (2002b) Intervention 1 0 0 
Robling (2002b) Intervention 2 0 0 
Oakeshott (1994) 0 0 
Wang (2018) 0 0 
Wang (2021) Intervention 1 0 0 
Wang (2021) Intervention 2 0 0 
Fried (2018) 0 0 
Solberg (2010) 0 0 
Chen (2020) 0 0 
Jarvik (2020) 0 0 
Min (2017) 1 100 
Baker (1987) 0 0 
Multi-component interventions 
Kullgren (2018) a) 0 0 
Kullgren (2018) b) 0 0 
Kullgren (2018) c) 0 0 
Kullgren (2018) d) 0 0 
Lin (2016) a) 0 0 
Lin (2016) b) 0 0 
Lin (2016) c) 0 0 
Ip (2014) a) 0 0 
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 4b) Fidelity score (%) 
Ip (2014) b) 0 0 
Ip (2014) c) 0 0 
Eccles (2001) a) 0 0 
Eccles (2001) Intervention 1 b) 0 0 
Eccles (2001) Intervention 2 b) 0 0 
Kerry (2000) a) 0 0 
Kerry (2000) b) 0 0 
Morgan (2019) a) 0 0 
Morgan (2019) b) 0 0 
Morgan (2019) c) 1 100 
Zafar (2019) a) 0 0 
Zafar (2019) b) 0 0 
Klein (2000) a) 0 0 
Klein (2000) b) 0 0 
Klein (2000) c) 0 0 
Powell (2019) a) 0 0 
Powell (2019) b) 0 0 
Freeborn (1997) a) 0 0 
Freeborn (1997) b) 0 0 
Freeborn (1997) c) 0 0 
Tracey (1994) a) 0 0 
Tracey (1994) b) 0 0 
Tracey (1994) c) 0 0 
Tracey (1994) d) 0 0 
% of intervention components using 
fidelity strategy 

12  

Fidelity score: (Number of strategies reported in intervention component / 
Number of strategies applicable to intervention component) x 100% 
% of intervention components using fidelity strategy: (Number of intervention 
components reporting strategy / Number of intervention components the 
strategy was applicable for) x 100% 
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Appendix 5g Reporting of all (applicable) strategies to assess fidelity to provider training listed in the NIHBCC checklist for all 
50 intervention components 
 

 10) 11) 13) Fidelity score (%) 
Single component interventions 
Fine (2017) N/A N/A N/A N/A 
Fenton (2016) 0 1 0 33.3 
French (2013) 0 0 0 0 
Winkens (1995) 0 0 0 0 
Graves (2018) N/A N/A N/A N/A 
Robling (2002a) 0 0 0 0 
Robling (2002b) Intervention 1 0 0 N/A 0 
Robling (2002b) Intervention 2 N/A N/A N/A N/A 
Oakeshott (1994) N/A N/A N/A N/A 
Wang (2018) 0 0 0 0 
Wang (2021) Intervention 1 N/A N/A N/A N/A 
Wang (2021) Intervention 2 0 N/A N/A 0 
Fried (2018) N/A N/A N/A N/A 
Solberg (2010) N/A N/A N/A N/A 
Chen (2020) N/A N/A N/A N/A 
Jarvik (2020) N/A N/A N/A N/A 
Min (2017) N/A N/A N/A N/A 
Baker (1987) N/A N/A N/A N/A 
Multi-component interventions 
Kullgren (2018) a) N/A N/A N/A N/A 
Kullgren (2018) b) 0 0 0 0 
Kullgren (2018) c) 0 0 0 0 
Kullgren (2018) d) N/A N/A N/A N/A 
Lin (2016) a) 0 0 N/A 0 
Lin (2016) b) 0 0 N/A 0 
Lin (2016) c) N/A N/A N/A N/A 
Ip (2014) a) N/A N/A N/A N/A 
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 10) 11) 13) Fidelity score (%) 
Ip (2014) b) 0 0 0 0 
Ip (2014) c) N/A N/A N/A N/A 
Eccles (2001) a) N/A N/A N/A N/A 
Eccles (2001) Intervention 1 b) N/A N/A N/A N/A 
Eccles (2001) Intervention 2 b) N/A N/A N/A N/A 
Kerry (2000) a) N/A N/A N/A N/A 
Kerry (2000) b) N/A N/A N/A N/A 
Morgan (2019) a) N/A N/A N/A N/A 
Morgan (2019) b) N/A N/A N/A N/A 
Morgan (2019) c) N/A N/A N/A N/A 
Zafar (2019) a) N/A N/A N/A N/A 
Zafar (2019) b) N/A N/A N/A N/A 
Klein (2000) a) N/A N/A N/A N/A 
Klein (2000) b) 0 0 N/A 0 
Klein (2000) c) 0 0 0 0 
Powell (2019) a) N/A N/A N/A N/A 
Powell (2019) b) 0 0 0 0 
Freeborn (1997) a) N/A N/A N/A N/A 
Freeborn (1997) b) N/A N/A N/A N/A 
Freeborn (1997) c) N/A N/A N/A N/A 
Tracey (1994) a) N/A N/A N/A N/A 
Tracey (1994) b) 0 0 0 0 
Tracey (1994) c) 0 0 0 0 
Tracey (1994) d) N/A N/A N/A N/A 
% of intervention components using 
fidelity strategy 

0 6.3 0  

Fidelity score: (Number of strategies reported in intervention component / Number of strategies 
applicable to intervention component) x 100% 
% of intervention components using fidelity strategy: (Number of intervention components 
reporting strategy / Number of intervention components the strategy was applicable for) x 100% 
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Appendix 5h Reporting of all (applicable) strategies to assess fidelity to intervention delivery listed in the NIHBCC checklist for 
all 50 intervention components 
 

 17) 18) 20) 21) 23) Fidelity score (%) 
Single component interventions   
Fine (2017) 0 N/A 0 0 0 0 
Fenton (2016) 1 1 0 0 0 40 
French (2013) 1 1 1 0 0 60 
Winkens (1995) 0 0 0 0 0 0 
Graves (2018) 0 N/A 0 0 0 0 
Robling (2002a) 0 0 0 0 0 0 
Robling (2002b) Intervention 1 0 0 0 0 0 0 
Robling (2002b) Intervention 2 0 N/A 0 0 0 0 
Oakeshott (1994) 0 N/A 0 0 0 0 
Wang (2018) 0 0 0 0 0 0 
Wang (2021) Intervention 1 0 N/A 0 0 0 0 
Wang (2021) Intervention 2 0 0 0 0 0 0 
Fried (2018) 0 N/A 0 0 0 0 
Solberg (2010) 0 N/A 0 0 0 0 
Chen (2020) 1 N/A 0 0 0 25 
Jarvik (2020) 0 N/A 1 0 0 25 
Min (2017) 0 N/A 0 0 0 0 
Baker (1987) 1 N/A 0 0 0 25 
Multi-component interventions   
Kullgren (2018) a) 1 N/A 0 0 0 25 
Kullgren (2018) b) 0 N/A 0 0 0 0 
Kullgren (2018) c) 0 N/A 0 0 0 0 
Kullgren (2018) d) 0 N/A 0 0 0 0 
Lin (2016) a) 0 0 0 0 0 0 
Lin (2016) b) 0 0 0 0 0 0 
Lin (2016) c) 0 0 0 0 0 0 
Ip (2014) a) 1 N/A 0 0 0 25 
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 17) 18) 20) 21) 23) Fidelity score (%) 
Ip (2014) b) 0 0 0 0 0 0 
Ip (2014) c) 0 N/A 0 0 0 0 
Eccles (2001) a) 0 N/A 0 0 0 0 
Eccles (2001) Intervention 1 b) 0 N/A 0 0 0 0 
Eccles (2001) Intervention 2 b) 0 N/A 0 0 0 0 
Kerry (2000) a) 1 N/A 0 0 0 25 
Kerry (2000) b) 0 N/A 0 0 0 0 
Morgan (2019) a) 0 N/A 0 0 0 0 
Morgan (2019) b) 0 N/A 0 0 0 0 
Morgan (2019) c) 0 N/A 0 0 0 0 
Zafar (2019) a) 0 N/A 0 0 0 0 
Zafar (2019) b) 0 N/A 0 0 0 0 
Klein (2000) a) 0 N/A 0 0 0 0 
Klein (2000) b) 0 0 0 0 0 0 
Klein (2000) c) 0 0 0 0 0 0 
Powell (2019) a) 0 N/A 0 0 0 0 
Powell (2019) b) 0 0 0 0 0 0 
Freeborn (1997) a) 1 N/A 0 0 0 25 
Freeborn (1997) b) 1 N/A 0 0 0 25 
Freeborn (1997) c) 1 N/A 0 0 0 25 
Tracey (1994) a) 0 N/A 0 0 0 0 
Tracey (1994) b) 0 N/A 0 0 0 0 
Tracey (1994) c) 0 0 0 0 0 0 
Tracey (1994) d) 0 N/A 0 0 0 0 
% of intervention components using 
fidelity strategy 

20 13.3 4 0 0  

Fidelity score: (Number of strategies reported in intervention component / Number of strategies applicable to 
intervention component) x 100% 
% of intervention components using fidelity strategy: (Number of intervention components reporting strategy / 
Number of intervention components the strategy was applicable for) x 100% 
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Appendix 5i Reporting of all (applicable) strategies to assess fidelity to intervention receipt listed in the NIHBCC checklist for 
all 50 intervention components 
 

 24) 26) Fidelity score (%) 
Single component interventions  
Fine (2017) 0 N/A 0 
Fenton (2016) 0 0 0 
French (2013) 1 0 50 
Winkens (1995) 0 N/A 0 
Graves (2018) 0 N/A 0 
Robling (2002a) 0 N/A 0 
Robling (2002b) Intervention 1 0 N/A 0 
Robling (2002b) Intervention 2 0 N/A 0 
Oakeshott (1994) 0 N/A 0 
Wang (2018) 0 N/A 0 
Wang (2021) Intervention 1 0 N/A 0 
Wang (2021) Intervention 2 0 N/A 0 
Fried (2018) 0 N/A 0 
Solberg (2010) 0 N/A 0 
Chen (2020) 0 N/A 0 
Jarvik (2020) 0 N/A 0 
Min (2017) 0 N/A 0 
Baker (1987) 0 N/A 0 
Multi-component interventions  
Kullgren (2018) a) N/A N/A 0 
Kullgren (2018) b) 0 N/A 0 
Kullgren (2018) c) 0 N/A 0 
Kullgren (2018) d) 0 N/A 0 
Lin (2016) a) 1 0 50 
Lin (2016) b) 1 N/A 100 
Lin (2016) c) 1 N/A 100 
Ip (2014) a) 0 N/A 0 
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 24) 26) Fidelity score (%) 
Ip (2014) b) 0 N/A 0 
Ip (2014) c) 0 N/A 0 
Eccles (2001) a) 0 N/A 0 
Eccles (2001) Intervention 1 b) 0 N/A 0 
Eccles (2001) Intervention 2 b) 0 N/A 0 
Kerry (2000) a) 0 N/A 0 
Kerry (2000) b) 0 N/A 0 
Morgan (2019) a) 0 N/A 0 
Morgan (2019) b) 0 0 0 
Morgan (2019) c) 0 N/A 0 
Zafar (2019) a) 0 N/A 0 
Zafar (2019) b) 0 N/A 0 
Klein (2000) a) 0 N/A 0 
Klein (2000) b) 0 N/A 0 
Klein (2000) c) 0 N/A 0 
Powell (2019) a) 0 N/A 0 
Powell (2019) b) 0 N/A 0 
Freeborn (1997) a) 0 N/A 0 
Freeborn (1997) b) 0 N/A 0 
Freeborn (1997) c) 0 N/A 0 
Tracey (1994) a) 0 N/A 0 
Tracey (1994) b) 0 0 0 
Tracey (1994) c) 0 N/A 0 
Tracey (1994) d) 0 N/A 0 
% of intervention components using 
fidelity strategy 

8.2 0  

Fidelity score: (Number of strategies reported in intervention component / Number of strategies 
applicable to intervention component) x 100% 
% of intervention components using fidelity strategy: (Number of intervention components 
reporting strategy / Number of intervention components the strategy was applicable for) x 100% 
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Appendix 5j Reporting of all (applicable) strategies to assess fidelity to intervention enactment listed in the NIHBCC checklist 
for all 50 intervention components 
 

 29) Fidelity score (%) 
Single component interventions 
Fine (2017) N/A N/A 
Fenton (2016) 1 100 
French (2013) 0 0 
Winkens (1995) N/A N/A 
Graves (2018) N/A N/A 
Robling (2002a) N/A N/A 
Robling (2002b) Intervention 1 N/A N/A 
Robling (2002b) Intervention 2 N/A N/A 
Oakeshott (1994) N/A N/A 
Wang (2018) N/A N/A 
Wang (2021) Intervention 1 N/A N/A 
Wang (2021) Intervention 2 N/A N/A 
Fried (2018) N/A N/A 
Solberg (2010) N/A N/A 
Chen (2020) N/A N/A 
Jarvik (2020) N/A N/A 
Min (2017) N/A N/A 
Baker (1987) N/A N/A 
Multi-component interventions 
Kullgren (2018) a) N/A N/A 
Kullgren (2018) b) N/A N/A 
Kullgren (2018) c) N/A N/A 
Kullgren (2018) d) N/A N/A 
Lin (2016) a) 0 0 
Lin (2016) b) N/A N/A 
Lin (2016) c) N/A N/A 
Ip (2014) a) N/A N/A 
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 29) Fidelity score (%) 
Ip (2014) b) N/A N/A 
Ip (2014) c) N/A N/A 
Eccles (2001) a) N/A N/A 
Eccles (2001) Intervention 1 b) N/A N/A 
Eccles (2001) Intervention 2 b) N/A N/A 
Kerry (2000) a) N/A N/A 
Kerry (2000) b) N/A N/A 
Morgan (2019) a) N/A N/A 
Morgan (2019) b) 0 0 
Morgan (2019) c) N/A N/A 
Zafar (2019) a) N/A N/A 
Zafar (2019) b) N/A N/A 
Klein (2000) a) N/A N/A 
Klein (2000) b) N/A N/A 
Klein (2000) c) N/A N/A 
Powell (2019) a) N/A N/A 
Powell (2019) b) N/A N/A 
Freeborn (1997) a) N/A N/A 
Freeborn (1997) b) N/A N/A 
Freeborn (1997) c) N/A N/A 
Tracey (1994) a) N/A N/A 
Tracey (1994) b) 0 0 
Tracey (1994) c) N/A N/A 
Tracey (1994) d) N/A N/A 
% of intervention components using 
fidelity strategy 

20  

Fidelity score: (Number of strategies reported in intervention component / 
Number of strategies applicable to intervention component) x 100% 
% of intervention components using fidelity strategy: (Number of 
intervention components reporting strategy / Number of intervention 
components the strategy was applicable for) x 100% 
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Appendix 6 COnsolidated criteria for Reporting Qualitative research (COREQ) checklist 
 
 
A checklist of items that should be included in reports of qualitative research. You must report the page number in your 
manuscript where you consider each of the items listed in this checklist. If you have not included this information, either revise 
your manuscript accordingly before submitting or note N/A. 
 

Topic Item 
No. 

Guide Questions/Description Reported 
on Page No. 

Domain 1: Research team and reflexivity 
Personal characteristics 
Interviewer/Facilitator 1 Which author/s conducted the interview or focus group? 90-91 
Credentials 2 What were the researcher’s credentials? E.g. PhD, MD 90-91 
Occupation 3 What was their occupation at the time of the study? 90-91 
Gender 4 Was the researcher male or female? N/A 
Experience and training 5 What experience or training did the researcher have? 90-91 
Relationship with participants 
Relationship established 6 Was a relationship established prior to study commencement? 90-91 
Participant knowledge of the 
interviewer 

7 What did the participants know about the researcher? e.g. personal goals, 
reasons for doing the research 

90-91 

Interviewer characteristics 8 What characteristics were reported about the inter viewer/facilitator? e.g. Bias, 
assumptions, reasons and interests in the research topic 

90-91 

Domain 2: Study design 
Theoretical framework 
Methodological orientation 
and Theory 

9 What methodological orientation was stated to underpin the study? e.g. 
grounded theory, discourse analysis, ethnography, phenomenology, content 
analysis 

92 

Participant selection 
Sampling 10 How were participants selected? e.g. purposive, convenience, consecutive, 

snowball 
89-90 

Method of approach 11 How were participants approached? e.g. face-to-face, telephone, mail, email 89-90 
Sample size 12 How many participants were in the study? 95 
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Non-participation 13 How many people refused to participate or dropped out? Reasons? 95 
Setting 
Setting of data collection 14 Where was the data collected? e.g. home, clinic, workplace 95 
Presence of non-participants 15 Was anyone else present besides the participants and researchers? 91 
Description of sample 16 What are the important characteristics of the sample? e.g. demographic data, 

date 
95 

Data collection 
Interview guide 17 Were questions, prompts, guides provided by the authors? Was it pilot tested? 91-92 
Repeat interviews 18 Were repeat inter views carried out? If yes, how many? 95 
Audio/visual recording 19 Did the research use audio or visual recording to collect the data? 91 
Field notes 20 Were field notes made during and/or after the inter view or focus group? 91 
Duration 21 What was the duration of the inter views or focus group? 95 
Data saturation 22 Was data saturation discussed? 90, 95 
Transcripts returned 23 Were transcripts returned to participants for comment and/or correction? 95 
Domain 3: Analysis and findings 
Data analysis 
Number of data coders 24 How many data coders coded the data? 92-94 
Description of the coding 
tree 

25 Did authors provide a description of the coding tree? Appendix 8 

Derivation of themes 26 Were themes identified in advance or derived from the data? 92-94 
Software 27 What software, if applicable, was used to manage the data? 92 
Participant checking 28 Did participants provide feedback on the findings? 95 
Reporting 
Quotations presented 29 Were participant quotations presented to illustrate the themes/findings? Was 

each quotation identified? e.g. participant number 
Table 4.1-
4.4 

Data and findings consistent 30 Was there consistency between the data presented and the findings? 96-108 
Clarity of major themes 31 Were major themes clearly presented in the findings? 96-99, 105-

108 
Clarity of minor themes 32 Is there a description of diverse cases or discussion of minor themes? 99, 108 
Developed from: Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item checklist for 
interviews and focus groups. International Journal for Quality in Health Care. 2007. Volume 19, Number 6: pp. 349 – 357 

 
  



 lxxii 

Appendix 7 Interview guide mapped to the NIHBCC intervention fidelity checklist 
 
Demographic questions: 
Profession: GP or Chiropractor 
Location: Urban or Rural 
Number of years in practice: 
 
Part 1 Discussion of intervention fidelity and the proposed intervention 
 
Presentation 

• Presentation on intervention fidelity (what it is and why it is important) 
• Explain the aim of today’s interview 
• Introduce the proposed intervention (clinical resource) and explain its goals 

 
Discussion 
Questions NIHBCC Intervention Fidelity Checklist 

(Borrelli 2005, 2011) 
Do you think non-indicated imaging for 
LBP is an important issue? 

• Follow up: Do you think an 
intervention to reduce non-
indicated imaging for LBP is 
important? 

 

Characteristics being sought in a 
treatment provider are articulated a priori 
(Training) 
 
Assessment of whether or not there is a 
good fit between the provider and the 
intervention (Training) 

What do you think about this clinical 
resource? 

• Prompt: Is it good/bad? Will it be 
useful/not useful? 

Assessment of whether or not there is a 
good fit between the provider and the 
intervention (Training) 
 

What is your level of knowledge about 
imaging and LBP? 

• Prompt: Knowledge about 
guidelines and other evidence 

 

Characteristics being sought in a 
treatment provider are articulated a priori 
(Training) 
 
Assessment of whether or not there is a 
good fit between the provider and the 
intervention (Training) 
 
There is a training plan that takes into 
account trainees’ different education and 
experience and learning styles (Training) 

What impact do you think an intervention 
like this will have on your patients? 

• Prompt: Like it /hate it/not really 
notice a change? 

Not in checklist – Provider’s perception 
on Receipt and Enactment 
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Part 2 Fidelity of training 
 
Presentation 

• Present general strategies for enhancing and monitoring fidelity of training, as 
well as proposed strategies to be used in the study 

 
Discussion 
Questions NIHBCC Intervention Fidelity Checklist 

(Borrelli 2005, 2011) 
What do you think about some of the 
potential strategies for ensuring 
intervention fidelity related to your 
training to use this clinical resource?  

• Follow up: How do you feel they 
might work or not work for you? 
Why or why not? 

There is a training plan that takes into 
account trainees’ different education and 
experience and learning styles 

Do you think having a training manual 
will be helpful for your training?  

• Follow up: What are some key 
things you would like to have in 
the training manual? What about 
formatting – paper or as a PDF? 

• Follow up: Are there other things 
you need to know/learn about in 
order to be properly trained in 
using the intervention? 

• Follow up: Are there other skills 
you think you need in order to be 
properly trained in the using the 
intervention? 

 

Description of how providers will be 
trained (manual of training procedures)  
 
Standardisation of provider training  

Do you think regular booster sessions 
and/or support from the research team 
would be helpful? Why or why not? 

• Follow up: What do you think 
would be the best way to provide 
support? 

 

Monitoring of provider skill maintenance 
over time  

What assessment strategies do you feel 
would be useful to help make sure you 
have acquired all the skills for delivering 
the intervention? 

Assessment of provider skill acquisition  
 
Assessment and monitoring of provider 
skill maintenance over time 
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• Prompt: role play, pre- and post- 
testing, monitoring of encounters 
through audio recording 

 
What challenges can you see with respect 
to being able to attend the training 
session?  
 
What resources would you need to help 
overcome these challenges? 

• Prompt: location, time, in-person 
format 

 

Not in checklist – Goal of question: 
Finding out what providers need in order 
to achieve high fidelity of training (e.g., 
being able to actually attend the sessions) 
 

 
Part 3 Fidelity of intervention delivery 
 
Presentation 

• Present general strategies for enhancing and monitoring fidelity of intervention 
delivery, as well as proposed strategies to be used in the study 

 
Discussion 
Questions NIHBCC Intervention Fidelity 

Checklist (Borrelli 2005, 2011) 
What do you think about some of the potential 
strategies for ensuring intervention fidelity 
related to using this clinical resource in your 
practice?  

• Follow up: How do you feel they might 
work or not work for you? Why or why 
not? 

• Follow up: How do you feel about using 
audio recording to ensure adherence to 
protocol? 

 

Method to ensure that the content 
of the intervention is delivered as 
specified 
 
Mechanism to assess if the 
provider actually adhered to the 
intervention plan 
 
 

Do you think having a script or manual for using 
the clinical resource will help you to better 
deliver the intervention to your patients?  
 

Method to ensure that the content 
of the intervention is delivered as 
specified 
 
Use of treatment manual 

How easy or difficult do you think it would be to 
adhere to delivering >80% of the intervention 
components?  

There is an a priori specification of 
treatment fidelity (e.g., providers 
adhere to delivering >80% of 
components) 
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• Follow up: What aspects of the 
intervention seem easy? What ones seem 
more difficult to deliver? And why? 

• Follow up: What other things do you need 
to know/learn in order to deliver the 
intervention? 

• Follow up: What other skills do you need 
in order to deliver the intervention? 

 
What challenges related to resources can you see 
with respect to being able to deliver the 
intervention?  

• Follow up: What do you need to help 
overcome these challenges? 

• Prompt: time, equipment, knowledge 
 

Not in checklist – Goal of 
question: Finding out what 
providers need in order to achieve 
high fidelity of intervention 
delivery (e.g., being able to 
actually deliver the intervention) 
 

What challenges related to patient factors do you 
think might influence your ability to deliver the 
intervention? 
 

Not in checklist – Goal of 
question: Finding out what 
providers need in order to achieve 
high fidelity of intervention 
delivery (e.g., being able to 
actually deliver the intervention) 
 

How important is it for you to deliver this 
intervention as planned? 

• Follow up: What components of the 
intervention do you think needs to be 
more flexible/adaptable?  

 

Not in checklist – Goal of 
question: For intervention planning  

Leading up to this interview, was there anything that you expected to talk about today that 
we didn’t discuss? 
 
Conclusion 
Could you please provide us (now or emailed to us at a later date) with two other 
practitioners who you think may be interested in participating in the study? We are 
looking for those from different geographical regions, as well as those who may have 
differing views or practice patterns to ensure a wide range of perspectives are captured in 
our study. 
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Appendix 8 Codebook for each domain in the Theoretical Domains Framework 
 
Target behaviour: Being trained in and delivering an intervention to reduce imaging for LBP with high fidelity 
 

Domain Definition, question, component constructs Examples Rationale 
Knowledge An awareness of the existence of something 

 
What do they know about imaging and LBP? 
 
How does that influence their training in 
using the intervention? 
 
How does that influence if they can/will 
deliver the intervention as planned? 
 
 

• Knowledge of condition/scientific 
rationale 

• Procedural knowledge 
• Knowledge of task environment 

Q: In terms of your level of 
knowledge about imaging and 
back pain, where do you get 
your knowledge? 
A: I think it was very much a 
fundamental part of our 
radiology training in school – 
to ensure that unnecessary 
imaging was not part of your 
clinical practice. 
 
Q: Are you aware of clinical 
practice or professional 
guidelines for back pain? 
A: Yes. We don’t have an 
official document, but that 
sentiment and that education 
will be reiterated regularly in 
our provided CE. There is a 
mandatory ongoing continuing 
education component for 
radiology. 

Participant has knowledge 
about LBP and imaging. This 
can imply a good fit between 
the provider and the 
intervention. 
 
 

Skills An ability or proficiency acquired through 
practice 
 
 

I do find with patients when I 
take the time to explain to 
them that, not just from a 
radiation perspective, but that 

Participant uses 
communication skills to 
educate the patient about LBP 
and imaging. This can imply a 
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What do they know about how to manage 
LBP without imaging? 
 
How does that influence their training in 
using the intervention? 
 
How does that influence if they can/will 
deliver the intervention as planned? 
 
 

• Skills 
• Skills development 
• Competence 
• Ability 
• Interpersonal skills 
• Practice 
• Skill assessment 

it won’t affect what we do, 
they’re very reasonable about 
[not having imaging for LBP]. 
I do think patients, when you 
take the time to actually 
educate them on it, they’re 
very receptive to not getting 
the image that they might have 
initially come to pursue at the 
beginning of the appointment. 

good fit between the provider 
and the intervention. 
 
 

Social/professional 
role and identity 

A coherent set of behaviours and displayed 
personal qualities of an individual in a social or 
work setting 
 
 
Do they think it is their role as a healthcare 
provider and/or participant in the study to be 
adequately trained in how to use the 
intervention? 
 
Do they think it is their role as a healthcare 
provider and/or participant in the study to 
deliver the intervention as planned? 
 
 

• Professional identity 

It’s always good to have your 
skills honed. It’s an 
uncomfortable thing, of course, 
to be taped, or especially at a 
certain point in your practice to 
feel you’re being evaluated in 
these things that you would 
like to think you’re quite 
proficient in. But none of us 
are proficient in everything 
every day. Hence, commitment 
to lifelong learning. I don’t 
think it’s a farfetched thing. I 
think it’s something that’s 
pretty fundamental to our daily 
practice.  

Participant feels that it is their 
role to constantly review their 
skills.  
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• Professional role 
• Social identity 
• Identity 
• Professional boundaries 
• Professional confidence 
• Group identity 
• Leadership 
• Organisational commitment 

 
I do feel that this stuff gives 
back to your whole profession 
and it gives back to your 
patient’s best interest. So, I 
think appealing to people in 
that regard would certainly 
invoke more of a commitment 
to doing it [participating in the 
study]. 

Participant feels it is their role 
to participate in the study. 
 

Beliefs about 
capabilities 

Acceptance of the truth, reality, or validity 
about an ability, talent, or facility that a person 
can put 
to constructive use 
 
 
How confident are they in being able to be 
trained in using the intervention? 
 
How confident are they in delivering the 
intervention as planned? 
 
Is it up to them whether they can be trained 
or deliver the intervention? (Perceived 
control) 
 
 

• Self-confidence 
• Perceived competence 
• Self-efficacy 
• Perceived behavioural control 
• Beliefs 
• Self-esteem 

I think it’s something we 
should be fairly comfortable in 
participating in to improve. 
 

Participant has confidence in 
being able to deliver the 
intervention. 



 lxxix 

• Empowerment 
• Professional confidence 

Optimism The confidence that things will happen for the 
best or that desired goals will be attained 
 
 
How does whether they are 
optimistic/pessimistic influence their training 
in using the intervention? 
 
How does whether they are 
optimistic/pessimistic influence whether they 
can/will deliver the intervention as intended? 
 
 

• Optimism 
• Pessimism 
• Unrealistic optimism 
• Identity 

Q: Do you think this 
intervention would actually be 
helpful in reducing imaging by 
practitioners? 
A: I do. 
 
Q: What do you think about 
this specific clinical resource – 
do you think it’s good or bad? 
A: I think it’ll be very good. 
 
I think that a booklet of some 
sort that you can give to a 
patient would be very 
effective. 
 
Q: Do you think people would 
not like to be audiotaped? 
A: I think that people would 
buy into it. 

Participant is optimistic about 
the intervention.  
 
 

Beliefs about 
consequences 

Acceptance of the truth, reality, or validity about 
outcomes of a behaviour in a given situation 
 
 
What will happen to them (their patients, 
their organisation, etc.) if they are trained in 
the intervention? 
 
What will happen to them (their patients, 
their organisation, etc.) if they deliver the 
intervention as intended? 

It’s an uncomfortable thing, of 
course, to be taped. 
 
 
I think that this would actually 
help to expedite an 
appointment in real practice. 

Negative consequence of 
assessing fidelity (feeling 
uncomfortable). 
 
Positive consequence of 
delivering the intervention as 
planned. 
 



 lxxx 

 
 

• Beliefs 
• Outcome expectancies 
• Characteristics of outcome 
• expectancies 
• Anticipated regret 
• Consequents 

Reinforcement Increasing the probability of a response by 
arranging a dependent relationship, or 
contingency, between the response and a given 
stimulus 
 
 
How will their previous experiences of 
managing LBP without imaging influence 
their training in using the intervention? 
 
How will their previous experiences of 
managing LBP without imaging influence 
their ability to deliver the intervention as 
intended? 
  
 

• Rewards (proximal/distal, valued/not 
• valued, probable/improbable) 
• Incentives 
• Punishment 
• Consequents 
• Reinforcement 
• Contingencies 
• Sanctions 

Q: If there was an incentive, it 
might be better? 
A: Yeah, it is. 

Being rewarded acts as a 
facilitator to training and 
delivery. 
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Intentions A conscious decision to perform a behaviour or 
a resolve to act in a certain way 
 
 
Do they intend to/want to be trained in using 
the intervention? 
 
Do they intend to/want to deliver the 
intervention as intended? 
 
 

• Stability of intentions 
• Stages of change model 
• Transtheoretical model and stages of 

change 

I think that any type of booster 
session when you’re 
participating in something is 
good, you know, it keeps you 
accountable. And just in case 
you’re not exactly following 
protocols as set forth by the 
research study, then at least it 
can make sure that you’re 
participating as you had 
committed originally.  

Participant wants to deliver the 
intervention as intended. 

Goals Mental representations of outcomes or end states 
that an individual wants to achieve 
 
 
Is being trained in using the intervention and 
managing LBP without imaging an important 
goal? 
How much of a priority is their training in 
using the intervention compared to other 
competing demands? 
 
Is delivering the intervention as intended and 
managing LBP without imaging an important 
goal? 
How much of a priority is delivering the 
intervention as intended compared to other 
competing demands? 
 

Q: Do you think non-indicated 
imaging for LBP is an 
important issue that needs to 
be addressed? 
A: Very much. 
 
 
 
 
 
 
 
Q: How important is it for you 
to deliver the intervention as 
planned? 
A: Very important. 

Participant thinks that imaging 
is an important issue. This can 
imply a good fit between the 
provider and the intervention. 
 
 
 
 
 
 
 
 
Participant thinks it is 
important to deliver the 
intervention as planned. 
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• Goals (distal/proximal) 
• Goal priority 
• Goal/target setting 
• Goals (autonomous/controlled) 
• Action planning 
• Implementation intention 

Memory, attention 
and decision 
processes 

The ability to retain information, focus 
selectively on aspects of the environment and 
choose 
between two or more alternatives 
 
 
Will there be situations where they are likely 
to forget how they have been trained in using 
the intervention? 
 
Will there be situations where they are likely 
to forget to deliver the intervention as 
intended? 
 
Will there be situations where they decide not 
to deliver the intervention as intended? 
 
 

• Memory 
• Attention 
• Attention control 
• Decision making 
• Cognitive overload/tiredness 

Would it be allowed if I had a 
patient come in and I just 
didn’t have time, so I skipped 
them?  

Participant identifies a 
situation when they would not 
deliver the intervention as 
intended (when there is not 
enough time).  

Environmental 
context and 
resources 

Any circumstance of a person’s situation or 
environment that discourages or encourages the 

If I have them on a handout, 
it’s something that they’re 
receiving. 

Participant regularly uses 
handouts to help deliver 
information. This can imply 
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development of skills and abilities, 
independence, social competence and adaptive 
behaviour 
 
 
What resources do they currently have that 
will allow them to be trained in using the 
intervention? 
 
What resources do they currently have that 
will allow them to deliver the intervention as 
intended? 
 
 

• Environmental stressors 
• Resources/material resources 
• Organisational culture/climate 
• Salient events/critical incidents 
• Person × environment interaction 
• Barriers and facilitators 

 
 
 
 
From a time perspective, that’s 
always the hardest thing in 
practice. I think you’ll 
probably get some resistance 
with respect to how long it 
would take for an appointment. 
 
Q: What challenges might you 
see with respect to being able 
to attend the session? 
A: I think for most, it would 
just be time. I would just have 
to schedule it in just like 
anything else. 

that this practice will help them 
deliver the intervention as 
intended. 
 
Participant identifies time as a 
barrier to delivering the 
intervention as intended. 
 
 
 
 
Participant identifies time as a 
barrier to attending training for 
the intervention. 

Social influences Those interpersonal processes that can cause 
individuals to change their thoughts, feelings, 
or behaviours 
 
 
Are they influenced by other people (e.g., 
patients, colleagues) to be trained in using the 
intervention? 
 
Are they influenced by other people (e.g., 
patients, colleagues) to deliver the 
intervention as intended? 
 

Q: What impact do you think 
an intervention like this will 
have on your patients? 
A: Once they realise their 
education is in their best 
interest and not just because 
we can’t give it [imaging] to 
you, I think it’s very 
reasonable and I think people 
would be very receptive to it.  
 
 
 

Participant thinks patients 
would be receptive. This could 
imply that they are more likely 
to deliver the intervention as 
intended. 
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• Social pressure 
• Social norms 
• Group conformity 
• Social comparisons 
• Group norms 
• Social support 
• Power 
• Intergroup conflict 
• Alienation 
• Group identity 
• Modelling 

Q: For patients who really 
want to have imaging, do you 
think that would impact your 
ability to deliver this 
intervention? 
A: No, I think it would be 
something to contend with, but 
I don’t think it would prevent 
me from doing it. 

Participant delivering the 
intervention as intended not 
influenced by patient requests 
for imaging. 

Emotion A complex reaction pattern, involving 
experiential, behavioural, and physiological 
elements, by which the individual attempts to 
deal with a personally significant matter or event 
 
 
How do they feel about being trained in using 
the intervention and how do those feelings 
influence what they do (e.g., attending 
training)? 
 
How do they feel about delivering the 
intervention as intended and how do those 
feelings influence what they do? 
 
 

• Fear 
• Anxiety 
• Affect 
• Stress 
• Depression 

I would probably opt for role 
playing nonetheless even 
though I’m not comfortable 
with it. 
 
I think it [a script] would 
provide more comfort. I think 
instead of being seen as a time 
consumer, I think I’d feel that 
at least I was being thorough 
and that I wasn’t missing 
anything. I think that would be 
very comforting to know that 
you’re not missing anything. 

Participant doesn’t feel 
comfortable with role play for 
training (barrier), but would 
still do it (enabler). 
 
Participant feels comforted by 
having a script to help deliver 
the intervention as planned. 
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• Positive/negative affect 
• Burn-out 

Behavioural 
regulation 

Anything aimed at managing or changing 
objectively observed or measured actions 
 
 
What existing strategies do they have to 
support them in getting trained in using the 
intervention? 
What additional strategies do they think 
would be helpful in getting trained in using 
the intervention? 
 
What existing strategies do they have to 
support them in delivering the intervention as 
intended? 
What additional strategies do they think 
would be helpful for them to deliver the 
intervention as intended? 
 
 

• Self-monitoring 
• Breaking habit 
• Action planning 

I think if you attach CE hours 
to it [training], people will 
participate. 
 
Q: What are some key things 
you would need to be in the 
training manual? 
A: Algorithmic charts and 
visuals. Digital format because 
you can click on a link and it’s 
just tidy or you won’t lose it.   
 
I think if the script could be 
honed enough that it would be 
all done in 15-20 minutes. It 
would be about fitting it into 
an appointment time. 

Participant thinks CE credits 
would support getting 
clinicians trained in using the 
intervention. 
 
Strategies to improve training 
in using the intervention. 
 
 
 
 
 
 
Strategies to improve delivery 
of the intervention as planned. 

Other codes (for 
inductive analysis) 

Statements that do not directly relate to a 
domain but are relevant to the development of 
the intervention 
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