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Abstract

The focus of clinical trials is typically interventions’ efficacy, or whether they attain their desired
outcomes. Comparatively less attention is focused on understanding how or why interventions
succeed, or fail to attain, those outcomes. This may be particularly important in trials of complex
interventions such as surgery or physiotherapy, which are multifaceted and often tailored to
individual participants, providers, or settings, increasing the potential for variations in

intervention delivery and effects.

The correspondence between the intervention that was planned and what was actually delivered
in a trial is the intervention’s fidelity. Several benefits for high levels of intervention fidelity have
been proposed. However, whether or how much fidelity influences clinical trials’ treatment
effect estimates had not previously been determined. A lack of a uniform definition for fidelity
and its key components may also hinder intervention delivery in clinical trials and the translation

of evidence-based interventions to clinical practice.

The principle aim of this thesis was to investigate the effects of intervention fidelity on the
results, interpretation, and appropriateness to change practice of clinical trials of complex
interventions. Through systematic review, “Best-fit” framework synthesis, reliability study, meta-
epidemiological study, and fidelity assessment in an on-going pragmatic randomised controlled
trial (RCT), it addressed several important knowledge gaps for intervention fidelity in complex

intervention clinical trials. It estimated the prevalence of fidelity monitoring and reporting in
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complex intervention RCTs. It contributed an empirically-based intervention fidelity framework
and a reliable, internally consistent fidelity assessment checklist tailored to the unique needs of
researchers who seek to assess clinical trials in rehabilitation. It also estimated empirically, for
the first time, the magnitude and direction of bias in treatment effect estimates arising from
poor intervention fidelity in rehabilitation RCTs. Fidelity assessment in the ACL-SNNAP trial also
provided new insights into the feasibility, applicability, and impact of monitoring intervention

fidelity and participant adherence in complex intervention pragmatic trials.

The findings of this thesis showed that intervention fidelity is important, not just on a theoretical,
but also on an empirical level. This thesis provides new and important information for the
conduct and interpretation of clinical trials in rehabilitation and other complex interventions in

healthcare.

Pdez 14



Acknowledgements

Alfred North Whitehead said: “No one who achieves success does so without acknowledging the
help of others.” There are countless people who could be thanked for their contributions, large
or small, toward the completion of this DPhil thesis. Among these, | am particularly grateful to
my primary DPhil supervisor and mentor, Prof. David Beard. | have been, and continue to be,
fortunate for his support, encouragement, generosity, and expertise. | am deeply grateful that he
constantly challenged and inspired me to see further and dig deeper into the nature and life of
things. This DPhil emerged from a conversation with Prof. Beard and | will always be grateful for
the great and transformational privilege it has been for me to work with him. It was the first step

in an exciting and continuing journey. Thank you, Prof. Beard for that first nudge onto the road!

| would be hard-pressed to express the depths of my gratitude to Dr. David Nunan, who was an
incredible source of ideas, energy, enthusiasm, and insight during my DPhil. | stand in awe of his
expertise and knowledge and am deeply grateful for his guidance during this journey. | am also
deeply grateful to Prof. Dan Hind, at the University of Sheffield, for his great kindness,
generosity, enthusiasm, and expertise. It has been my privilege to learn from, and work with,
Prof. Hind, without whom | could not have accomplished some of the most important
components of this thesis. | am also deeply grateful to Prof. Peter McCulloch, whose wisdom,
guidance, knowledge, and support were invaluable for my DPhil and my development as a

researcher and academic.

Pdez 15



| extend my sincere thanks for the guidance and support | received from the tutors and staff at
the Evidence-Based Healthcare Program, the Nuffield Department for Primary-Care Health
Sciences, Centre for Evidence-based Medicine, the Department for Continuing Education, and
Kellogg College. | found a welcoming and vibrant community and a home at Kellogg College. | am
a proud and grateful Kelloggian. | will always be grateful to the Evidence-based Healthcare
program for the transformational experiences | have had in both the MSc and DPhil in EBHC.

Thank you, Dr. Plidermann and Prof. Heneghan.

Finally, and with great love and affection, | wish to thank and acknowledge my husband Steven
for his support and encouragement throughout my DPhil. It was a life-long dream for me to read
for a DPhil at the University of Oxford, and one finally realized later in life. Thank you for your
support and encouragement, and your many, nameless, unremembered (by you, but not by me)
acts of kindness and of love. To further paraphrase Wordsworth: After many wanderings, many

years, this experience has been dear to me, both for itself, and for your sake! Thank you.

Pdez 16



Chapters overview

Chapter I: Introduction:
An introduction and overview of the thesis. The history and evolution of intervention fidelity and
current evidence-gaps are discussed. Overviews of the chapters and methods in the thesis are

presented.

Chapter Il: CONSIDER: A “best-fit” framework synthesis

A systematic review quantifies and describes intervention fidelity frameworks, models, and
concepts reported in papers of complex interventions in the physical domain (surgery,
physiotherapy, and rehabilitation) and follows a best-fit framework synthesis methods to
develop the Complex Interventions Design, Delivery, Receipt (CONSIDER) a conceptual

framework and checklist, and integrated definition for intervention fidelity for this thesis.

Chapter lll: Testing the reliability and consistency of the CONSIDER checklist
The CONSIDER checklist and its explanation and elaboration paper and scoring guide are
described. The checklists” internal consistency, reliability, and inter-rater reliability are

investigated in a reliability study.

Chapter IV: Intervention fidelity and treatment effect estimates in complex intervention trials.
A meta-epidemiological study of randomized clinical trials in complex interventions is
undertaken to determine whether intervention fidelity biases the magnitude and/or direction of

treatment effect estimates derived from RCTs of physical complex interventions.
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Chapter V: The ACL-SNNAP trial

This chapter gathers insights about the CONSIDER framework and the results of the meta-
epidemiological study through the greater level of granularity available from real-time data
gathered prospectively in an ongoing clinical trial, the Anterior Cruciate Ligament (ACL) Surgery
Necessity in Non-Acute Patients (ACL-SNNAP) trial. Key aspects of the framework and the meta-
epidemiological study in Chapter IV were validated and several important insights about fidelity

monitoring and fidelity reporting in complex intervention clinical trials were gained.

Chapter VI: Discussion and conclusions
The results and implications of the thesis, along with its strengths, limitations, and future

directions are discussed.

Chapter VII: Appendices

This section includes search strategies and results, checklists, and supplemental tables.

Best-fit Meta- Summary
framework epidemiological 1. What was accomplished?
synthesis: study 2. What does it mean?

3. What does it add?
4. Strengths and limitations
5. What comes next?

1. What does fidelity look like? The CONSIDER 1. Does poor fidelity bias RCT The ACL-SNNAP
st e
thesis’

?
3. What will we call it? 2. How much? 3. In what
4. How will we identi

-7 ‘ e

Literature review Validation Study Fidelity in a

The CONSIDER Fidelity and -
Intervention fidelity and complex fidelity 1. CONSIDER checklist: fidelity treatment effect pragmatic RCT Discussion and
interventions: framework in complex intervention trial estimates
papers. ACL-SNNAP trial
1.Why does it matter?
2. Explanation, elaboration, 1. Fidelity and adherence in trial?
2. What are the evidence gaps? scoring examples
2. How does CONSIDER work
3. What did this thesis do? 3.. How reliable is the checklist? here?
4. How? 4. Internal consistency? S o

Thesis flow diagram
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Chapter I: Introduction and background: Intervention fidelity and complex interventions
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Chapter Summary

Chapter | offers an introduction to this thesis. It also presents the rationale and importance of
investigating how intervention fidelity affects the results of clinical studies of complex
interventions, their interpretation, and their appropriateness for guiding changes in clinical
practice. It presents the history and development of intervention fidelity monitoring in clinical
trials and efforts to improve evidence and innovation in complex interventions in healthcare. A
systematic literature review of intervention fidelity in complex interventions reveals major gaps
in the evidence-base for intervention fidelity in complex interventions, laying the context for the
thesis. The chapter then describes the structure and main aims of the thesis and gives a

description of the general methods used.

1. What was accomplished?

2. What does it mean?
3. What does it add?
4. Strengths and limitations
5. What comes next?

framework epidemiological
trial
2. How much? 3. In what

synthesis: study
W Q direction? 4 w

Best-fit Meta- Summary
1. What does fidelity look like? 1. Does poor fidelity bias RCT
2. How will we construct it in this. effect
thesis?

; [ chapir2 b - b
Literature review Validation Study Fidelity in a
The CONSIDER Fidelity and /
Intervention fidelity and complex fidelity 1. CONSIDER checklist: fidelity treatment effect pragmatic RCT Dl::::;l‘c;?o:nd
interventions: framework in complex intervention trial estimates
papers. ACL-SNNAP trial
1.Why does it matter?
2. Explanation, elaboration, 1. Fidelity and adherence in trial?

2. What are the evidence gaps? scoring examples

2. How does CONSIDER work
here?

3. What did this thesis do? 3.. How reliable is the checklist?

4. How? 4. Internal consistency?
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INTRODUCTION

Outside of safety, the focus of clinical trials is typically intervention efficacy, or whether or not
interventions attain their desired outcomes. By comparison, less attention is focused on
understanding how or why interventions succeed, or fail to attain, their target outcomes.*? This
may be of particular importance in trials of complex interventions.>” Complex interventions are
multifaced, highly individualised, and context dependent.3>®° Complex interventions can be
difficult to standardize and their delivery can vary greatly between participants and settings,

posing unique challenges for clinical investigations of intervention effects.>”’

Intervention fidelity generally refers to the faithfulness of the intervention delivered in a clinical
trial to the intervention that was intended in the trial protocol. Several benefits from high levels
of intervention fidelity and negative consequences arising from poor intervention fidelity have
been proposed. However, a number of overlapping terms and constructs are used to describe
and operationalise intervention fidelity, hampering efforts to support and monitor it in clinical
trials.19712  Additionally, whether poor intervention fidelity has a quantifiable influence on
intervention effect estimates derived from complex intervention clinical trials has not been
investigated, nor has the direction of bias arising from poor intervention fidelity been
determined. Whether poor intervention fidelity enhances or neutralises intervention effects has

not yet been determined or shown empirically.

This thesis investigated the effects of intervention fidelity on the results of clinical studies of

complex interventions, their interpretation, and their appropriateness for guiding changes in
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clinical practice. It offers a conceptual fidelity framework and fidelity checklist for clinical trials of
complex interventions in physical domains in healthcare, such as physiotherapy and
rehabilitation. It quantifies, for the first time, the effect of intervention fidelity on treatment
effect estimates (the estimated causal effect of the experimental intervention [independent
variable] on the primary outcome [dependent variable] of the study) derived from RCTs of
complex interventions, with important implications for the interpretation of systematic reviews
and meta-analyses of complex intervention RCTs and clinical practice guidelines based on them.
This thesis also applies the conceptual fidelity framework to investigate intervention fidelity and
adherence in detail in a contemporary pragmatic randomised trial, exploring the effect of fidelity
violations on the interpretation of the trial’s results and the applicability of the conceptual

framework to pragmatic trials.

Complex interventions

Complex interventions, such as such as surgery and physiotherapy, involve a number of
components which may act independently and interdependently to achieve some desired
end.>”1314 practitioner skill and experience, learning curves, provider-patient expectations,
differences in individual patient characteristics, biopsychosocial factors, and other factors can
contribute to the outcome of complex interventions,”™ sometimes antagonistically.> For
example, the effectiveness of surgical interventions may be enhanced, or degraded, by surgeons’
experience with the procedure, the degree to which procedure components have been defined,

patients’ expectations, and the quality of perioperative supportive care.'®
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The term “complex intervention” can be used to describe a number of multifaceted
interventions in healthcare and other domains influencing health and well-being.> These include
interventions in psychology, mental and behavioural health, nursing, education, public health,
social or public policy, among others. The focus of this thesis is on complex interventions in
physical domains in healthcare, specifically surgery and rehabilitation, defined here as
physiotherapy, occupational and speech-language therapies, and exercise or physical activity

interventions.’/18

In 2022, the Cochrane Rehabilitation Experts Consortium responded to challenges in defining
rehabilitation in the context of research by proposing a definition for rehabilitation that
describes it as a “multimodal, person-centred, collaborative process” targeting a person’s
capacity and/or contextual factors related to performance with the goal of optimizing persons’
function.'® The consortium’s definition highlights some of the challenges faced in research in
complex interventions in the physical domain, including their multifaceted, highly individualised
nature.'®9 Physical complex interventions can be highly heterogeneous within and between
participants, even when they share the same condition or diagnosis.'® They are also typically
tailored or adapted to individual participants or settings, often over time, increasing the scope

for variations in their delivery.*19:20

Many complex interventions are also not discrete, rapidly- introduced, “on/off” interventions,

and may require sustained interactions between participants and interventionists over long
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periods.*® This can present challenges for monitoring variations in intervention delivery (fidelity)
and maintaining participants’ adherence during clinical investigations.>**=?! Intervention fidelity
and participant adherence are distinct but related and interacting concepts. Both concepts are
essential for a clinical trial to remain faithful to its protocol. Both can also influence study

outcomes, individually or acting together.31%-21

Adherence, sometimes referred to as participant compliance, has been described as participants’
acceptance and implementation of prescribed activities in a clinical trial.?? It represents the
extent to which they complied with, performed, were exposed to, or received the intervention in
a trial.?® In pharmaceutical trials, compliance is sometimes used synonymously with
“adherence,” though adherence is the most frequently used term to describe three main actions
by trial participants: initiation of therapy (filling a prescription and taking the first dose),
implementation of therapy (correspondence with the prescribed regimen) and persistence with
the recommended dosing.?*#?> Adherence in rehabilitation and surgical trials also refers to
participants following their randomised group allocation and not crossing over to the
comparison condition.>*?%27 |n rehabilitation research, adherence is often measured by
recording the frequency or number of intervention sessions participants attended, minutes of
interventions received, the number of prescribed exercises or activities completed, or the

number of times a participant received with an intervention component.?426:28-31

Adherence has been investigated extensively, particularly in pharmaceutical research.?#3233 Low

participant adherence with prescribed treatments is a common problem in pharmaceutical
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clinical trials and can considerably reduce the validity and generalizability of their results.?43233
Poor adherence in drug trials can confound safety and efficacy signals, bias estimations of the
needed dosage for patient response, increased statistical variability and decreased effect
estimates. 243233 For example, several studies had shown the effectiveness of tenofovir
disoproxil fumarate (TDF) in pre-exposure prophylaxis (PrEP) to reduce the risk of human
immune deficiency virus (HIV) infection in men. However, two studies of PrEP in women in
southern Africa did not find evidence for its effectiveness. Analysis of adherence found that only
12% of participants achieved good adherence to the medication throughout their study
participation, raising the likelihood that participants in the trial did not take enough of the

prescribed dose to see a therapeutic effect.3*

Adherence in rehabilitation and surgical clinical trials has also been investigated extensively,
though the primary focus of research in rehabilitation has been in adherence to treatment in
clinical care rather than clinical trials.'® Several barriers to adherence have been identified,
including participant motivation and beliefs, factors linked to the surgical intervention or
rehabilitation program, such as discomfort, intervention complexity, time requirements or
program length, and practical considerations, such as transportation to intervention sessions,
among others.?3> All of these factors can reduce participant adherence, moderating their level
of exposure to intervention components. This can reduce or mask intervention effects and bias
the outcomes of clinical trials.?®> Poor adherence in rehabilitation and surgical trials can also
result in decreased statistical power, underestimation of treatment effects, and increase the risk

of failing to detect a treatment effect that actually exists, or type Il error.?3
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Intervention fidelity

While participant adherence has been investigated extensively in clinical trials, much less is
known about the effects of intervention fidelity in clinical trials of complex interventions.'? The
correspondence between the intervention that was planned and what was actually delivered is
the intervention’s fidelity.363% Various terms for fidelity are found in complex interventions
literature, including treatment, intervention or implementation fidelity, integrity, compliance or
adherence.**9 Intervention fidelity is, nevertheless, generally conceptualized as the faithfulness
of the intervention delivered in a trial to the intervention that was planned in the study

protocol. #71341744 Measures of fidelity attempt to monitor and quantify variance in this
relationship during clinical trials.>*>*~*8 Implicit is the idea that intervention fidelity acts as a

moderator of the effect of an intervention on outcomes.*?>9

Several benefits arising from maintaining intervention fidelity in clinical trials of complex
interventions have been proposed. High levels of intervention fidelity can reduce random and
unintended variability arising from poor intervention delivery, limiting potential confounding
from extraneous variables, supporting internal validity>! and decrease the likelihood of type | and
Il errors.3”°17>% Attention to fidelity also decreases the likelihood of Type Ill error, or a null finding
arising from poor quality intervention delivery rather than a null finding arising from intervention

ineffectiveness.??
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Fidelity is also necessary for accurate interpretation of intervention effects.”® If treatment fidelity
is poor or has not been evaluated, additional interventions may be introduced during the trial or
contamination of the control group with elements of the experimental intervention may occur.>’
The addition of unplanned, extraneous components or omission of key intervention ingredients
can make it difficult to attribute observed effects to the action of the intervention.6>% |f
treatment fidelity is poor or has not been evaluated, one may not be sure that studies’
significant results are attributable to the treatment, rather than other, unknown factors, creating
in Type | error. If the results are not significant, one can’t assume that the poor results are
attributable to the treatment rather than addition or omission of other factors, leading to Type I
error.>%>2 Correctly rejecting the null hypothesis (no difference between interventions), but for
the wrong reason, creates a type Il error.>>®0 Poor intervention delivery (fidelity) can lead to
nonsignificant outcomes resulting from poor intervention delivery, rather than an actual lack of
intervention effectiveness, raising the risk of Type Ill error.?%! The degree of intervention fidelity
achieved in a study may be of equal clinical value with quantitative changes when interpreting

the results of clinical trials in complex interventions.®?

Intervention fidelity and treatment effects

Intervention fidelity may act as a moderator of intervention effects or treatment effect estimates
in clinical trials of complex interventions.3*° Poor fidelity may lead to variations in intervention
delivery resulting in differences in participants’ exposure to intervention components (dose).%?
The ProActive trial illustrates how poor intervention fidelity may reduce participants’ exposure to

the key intervention components, influencing intervention outcomes.®*® The ProActive trial

Pdez 27



evaluated the effectiveness of a theory-based behavioural intervention for increasing physical
activity among sedentary adults at risk of type 2 diabetes.®* Participants were randomised to one
of three trial arms. Participants in the control arm received a brief advice leaflet with information
about the benefits of increasing physical activity. Participants in one experimental arm
participated in a face-to-face intervention, consisting of one introductory meeting and four in-
home sessions delivered at 2, 4, 8 and 16 weeks and two brief phone calls, followed by monthly
phone contact up to one year. Participants in a second experimental group received a distance
intervention, with the same number of sessions and content delivered by phone and monthly

follow-up correspondence.

The interventionists (facilitators ) included a dietician, two nurses and a physical fitness
instructor, each of whom participated in a standardised 5-day training course covering the
theoretical basis of the intervention, protocol-based intervention delivery, and role-played
behaviour change techniques. Interventionists also had access to a comprehensive training
manual, protocols for each intervention session, field practice, monthly supervision meetings, bi-
weekly team meetings and observation and feedback from the researchers. The researchers also
assessed intervention fidelity, monitoring whether the trained facilitators delivered the complex
intervention as planned. Facilitators recorded their delivery of techniques after each participant
session, and audio recordings of the four in-home intervention sessions were taken then
transcribed and coded by the investigators to determine the extent to which intervention

components were delivered as planned.
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Participants’ physical activity levels were measured by self-report with the EPIC-Norfolk Physical
Activity Questionnaire a validated physical activity questionnaire®® and calculation of metabolic
equivalents (MET), or the metabolic cost of each activity multiplied by the number of hours
participants engaged in the activities per week.%® At the 1 year assessment, the physical-activity
level (Epic-Norfolk scores and METs) of participants who received the intervention, either in
person or remotely, did not differ from those who were given a brief advice leaflet.®* The mean
difference in daytime physical-activity level (METs), adjusted for baseline, was -0.04 (95% Cl: -
0.16, 0.08). Physical activity did not differ between participants in the face-to-face or telephone
group (mean difference -0.05; 95% Cl: -0.19, 0.10). There was no evidence of a difference
between the facilitated theory-based behavioural intervention and the advice leaflet in

promoting increased physical activity in an at-risk group.®*

In-depth fidelity assessment of 108 audio-recorded sessions showed that a median of 44% (inter-
quartile range 18-62%) of 14 behaviour-change intervention techniques were applied as per the
protocol. Despite the extensive training and ongoing supervision of the interventionists,
intervention fidelity was poor, with some intervention sessions providing as little as 18% of the
planned techniques. The poor intervention fidelity may have been influenced by a number of
factors, including intervention complexity, the quality of intervention tailoring for participants,
and the focus of the facilitator training.®> While the results of the trial may also reflect
intervention ineffectiveness, the poor intervention fidelity, reducing participants’ exposure

(dose) to the key intervention components, may also help explain why there was no evidence of
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a difference between the facilitated theory-based behavioural intervention and the brief advice

leaflet in promoting increased physical activity in an at-risk group.®’

In a more recent example, a multicentre, single-blind, parallel, two-arm cluster RCT by Hassiotis
et al. (2018) investigated clinical outcomes of staff training in positive behaviour support to
reduce challenging behaviour in adults with intellectual disability.®® Health professionals from
community learning disability teams, including speech and language therapists, occupational
therapists, nurses and clinical psychologists, were trained to deliver Positive Behaviour Support
(PBS), a multicomponent approach using behavioural techniques to reduce challenging
behaviours in persons with intellectual and other disabilities.®® Participating therapists were
trained in PBS and study procedures in 2 cohorts over a 15-week period. At the end of training,
therapists received a certificate of completion and were paired with one of the trainers as a
mentor. Trainers and the investigators also conducted monthly teleconferences and site visits. A
training manual supported this process and specified the intervention and behavioural support
plan components to be completed when putting the training into practice. The comparison
condition was treatment as usual, which included any treatment approach available to

community intellectual disability teams within the National Health Service, excluding PBS.

The primary outcome of the trial was challenging behaviour reduction, measured with the
Aberrant Behaviour Checklist-Community during participants interviews. Secondary measures
included indicators of mental illness, as measured by the Mini Psychopathology Assessment

Scale for Adults with Developmental Disability (Mini PASADD).®8 Outcome measures were
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completed at baseline, 6, and 12-months. Intervention fidelity was assessed by an independent
reviewer, who assessed all the therapists’ treatment documentation, including functional
assessment, observational data, and the PBS intervention plan. The reviewer also assessed the
therapists’ intervention plans for their goodness of fit with the PBS using the Behaviour
Intervention Plan Quality Evaluation Scoring Guide Il. Plans could be classified as wealk,

underdeveloped, good, or superior.

A total of 215 (87%) and 225 (92%) of participants completed the 6- and 12-month follow-up,
respectively.®® No differences were detected between the intervention and control groups on
any of the primary or secondary outcome measures over 12 months. This suggests that there
was not a statistically significant different reduction in challenging behaviour in persons with
intellectual disability resulting from PBS delivered by community intellectual disability services
staff compared to treatment as usual.®® Although the study had several strengths, including
rigorous study design, testing of a single primary outcome, low attrition rate, and an a priori
analysis plan , poor intervention fidelity was identified as a considerable limitation of the study.%®
Only 30% of participants received all elements of the PBS approach as specified in the training
and manual, while a further 43.5% received only one to three of the seven treatment elements,
mainly during initial encounters.®® All of the submitted PBS treatment plans were rated as weak,
or not of acceptable quality by the independent reviewer. While other issues, such variations in
participant characteristics, therapist workloads, or staff turnover may have influenced the
study’s findings, poor intervention fidelity was shown to reduce the exposure of participants to

key intervention elements.
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Intervention fidelity, statistical power, and treatment effect estimates

Degradation of intervention fidelity may also contribute to biased treatment effect estimates,
statistical variance, and reduced statistical power in clinical investigations.3”°9°36° Bias refers to
a systematic error, or deviation from the truth, in results or inferences.”’ Failure to maintain
fidelity to an intervention protocol can increase performance bias in a study.”! The Agency for
Healthcare Research and Quality (AHRQ), defines performance bias as arising from “systematic
differences in the care provided to participants and protocol deviation.”” Examples of
performance bias include contamination of the control group with the exposure or intervention,
unbalanced provision of additional interventions or co-interventions, and differences in co-
interventions.”* The AHRQ criteria for risk of performance bias assessment include intervention
fidelity (fidelity to protocol), and unintended interventions or co-interventions. The AHRQ also
recommends including intervention fidelity as a criterion in the appraisal of individual studies’
risk of bias and when assessing their applicability in the body of evidence for research

questions.”!

Poor intervention fidelity may lead to misrepresentation of the true effects associated with an
intervention.’”? The direction of the effect of bias arising from poor intervention fidelity on
treatment effect estimates has not been established, however. Poor intervention fidelity may
either bias treatment effects toward or away from the null by either the addition of extra
intervention components or the omission of interventions’ active ingredients, accentuating
treatment effects, masking them, or reversing their direction.”>~”> The fragility index, a statistical

metric for number of events (participant outcomes) required to change a statistically significant
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result to a non-significant result,’® optimal information size, or the minimum amount of
information needed to obtain reliable conclusions about an intervention,’” and other measures
have been developed to show the influence of study characteristics on certainty and treatment
effect sizes in controlled trials. To the best of our knowledge, no such measure has been derived

for intervention fidelity, however.

The impact of study-level characteristics, such as study quality or intervention fidelity, and
intervention effect estimates can also be investigated in collections of meta-analyses with meta-
epidemiological studies.”® By contrasting the results of trials with a characteristic of interest with
the results of trials without that characteristic, they provide estimates of the average bias
associated with that characteristic.”*®° Poor RCT methodological quality, for example, has been
associated with exaggerated (overestimated) treatment effect sizes.?! Lack of randomization,
inadequate sequence generation® or randomization concealment,®? lack of blinding or unclear
double-blinding,”®8* inadequate allocation concealment,®?8> and lack of prospective trial
registration®® have been associated with significantly increased treatment effect estimates.”®
Other characteristics including selection bias®’, high participant drop out or loss to follow-up,’®
and source of study funding® have also been associated with biased RCT treatment effect sizes.
The influence of intervention fidelity on treatment effects has been theorized, but not yet shown

statistically in meta-analyses of clinical trials in medicine or complex interventions.

Poor intervention fidelity may lead to variability in outcome achievement, inflating error variance
in post-test outcomes and decreasing trials’ statistical power to detect significant effects and

ability to detect differences among treatment arms in clinical investigations.3”°363698592 Eyen
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modest degradations in intervention fidelity may lead to a substantial loss in statistical power
resulting from smaller effect sizes, increased error variance, increased variability in outcomes,
making it necessary to increase the sample considerably in order to compensate for the loss in
fidelity.>>%3%* In a study with alpha of 0.05 and an intervention with a true population effect size
of 0.50, a modest degradation in treatment fidelity (=.75), would lead to a substantial loss in
statistical power through making it necessary to increase the sample by fourfold in order to

compensate. >33

Reduced participant adherence with trials’ treatment protocols can also reduce statistical power
in a clinical trial. It has been estimated that poor adherence may limit the statistical power of a
study as a square of the proportion of adherent subjects.’>*> Poor adherence may require
sample sizes to be doubled with 30% non-adherence and tripled with 40% non-adherence
rates.39°® Many complex interventions trials, such as those in physiotherapy, have modest
sample sizes, constrained by the availability of resources, participants, and clinical equipoise, and
greatly increasing sample sizes may be unfeasible.®®%” As a result, such studies may be

underpowered when intervention fidelity is low or not measured.>?

Strategies to account for poor participant adherence when interpreting the results of clinical
trials include the intention to treat (ITT) principle.®®®® However, intention-to-treat analyses
estimate the effect assignment to an intervention in a trial, not the effect of the treatment itself

on participant outcomes.?® They are agnostic about poor participant adherence, poor
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intervention fidelity, protocol deviations such as use of proscribed co-interventions, and

anything that happens after randomization.®®°

Intention to treat analyses will signal sufficiently large treatment effects (signals), but differences
in treatment effects resulting from poor fidelity or adherence may bias their results. The effects
of an experimental intervention may be masked or diluted by poor intervention fidelity, reducing
ITT analyses sensitivity, or ability to detect a real difference due to treatment.*%

Per-protocol (PP) analyses, including measures of intervention fidelity, can complement ITT
analyses by taking deviations from the study protocol (fidelity) and participants’ adherence into
account, providing an estimate of the true efficacy of an intervention among those who

completed the treatment as planned.®®° This topic is explored in greater detail in chapter V.

Our understanding of treatment effects and the appropriateness of clinical trial results to change
clinical practice may be further distorted if studies of interventions delivered with poor fidelity
drive up statistical heterogeneity in meta-analyses of treatment effects. 219! Systematic reviews
and meta-analyses of randomized control trials (RCTs) comprise the “gold standard” of evidence
for intervention efficacy and often form the basis of clinical practice guidelines and policy
decisions.92193 However, biases and flaws in the design of RCTs may lead to over or
underestimation of the magnitude of treatment effects, skewing the conclusions of meta-
analysis when pooled in systematic reviews and meta-analyses.?”>36979.104 Meta-analyses of
biased studies may therefore produce unreliable results upon which to inform clinical decision

making.
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Defining fidelity

Despite the importance of intervention fidelity for the results, interpretation, and
appropriateness to change practice of clinical studies of complex interventions, there is a lack of
consensus on its definition or components.19114%.105 vgrious terms for intervention fidelity, such
as fidelity, integrity, adherence, concordance or compliance are found in complex interventions
literature. These terms are often ill-defined and used interchangeably or as synonyms for each
other to describe concepts related to the accurate delivery or receipt of interventions in clinical

trials or practice.!0/11,40,105-108

For example, while adherence typically refers to whether participants undertake prescribed
activities or attend the required number of interventions sessions in a clinical trial, the term
“adherence” is also often used when defining fidelity, as in “fidelity refers to adherence to the

|H

study protocol.”*% Compliance can refer to either participants’ adherence to the required

106 or intervention content being delivered in a way that is

number of intervention sessions
compliant (faithful) to the intervention manual or maintains treatment integrity.*'° The

interchangeable use of terms can lead to confusion and difficulty differentiating between terms

such as adherence and fidelity.

Three of the most common terms are fidelity, integrity, and adherence.'%? The three terms
have similar and sometimes overlapping etymological roots and their current definitions often
include at least one of the other two words. Shared among these terms are notions of similarity,
accuracy, or faithfulness that characterise intervention fidelity. The word fidelity entered the

English language in the XVth century as fidelite, from Middle French fidelité, derived from
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the Latin word fidélis ( fidélitat-, fidélitas, fidelitatem), meaning "faithful, loyal, or
trustworthy.**" For centuries, fidelity has also been used to refer to accuracy, as in “The
movie's director insisted on total fidelity to the book.''*” Fidelity is currently defined as the
quality or state of being faithful, accuracy in details or exactness, and the degree to which the

detail and quality of an original, such as a picture, sound, or story, is copied exactly.*!!

Two other terms often used interchangeably with fidelity to describe intervention delivery,
integrity, and adherence, share similar etymologies. Integrity entered the English language at
the beginning of the XVth century as integrite (“wholeness, perfect condition") through Old
French integrité ("innocence, blamelessness; chastity, purity,"), derived directly from Latin
integritatem (integritas, integer), or "soundness, wholeness, completeness, purity, correctness,
blamelessness.'*?" Today, integrity is defined as firm, complete or whole adherence to a code.**!
Meanwhile, adherence entered the English language in the XVth century from Old French
adherence (steady attachment of the mind or feelings to a person, cause, belief, etc.), derived
from Latin adhaerentia, adhaerent, adhaerare (“to stick to").**? It is currently defined as steady

or faithful attachment, or fidelity.'!

Other terms used to describe intervention fidelity also entered English through Old French from
Latin and express ideas, such as concordance, or “a state in which things agree and do not
conflict with each other!'!,” from Old French concordance ( "agreement, harmony"), derived
from Latin concordare "be of one mind, or of the same mind").**%12 Compliance, defined as “the

act of conforming, submitting, or adapting (as to a regulation or to another's wishes) as required
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or requested!?,” entered English from Old French complir ("to accomplish, fulfil, carry out"),

derived from Latin complere "to carry out or fill up.tt112"

The terms “compliance” and “adherence” in particular are often used interchangeably in
healthcare and fidelity literature to denote patients’ or participants’ behaviour, but carry
different and evolving connotations.'9”19%8 Sackett and Haynes first defined “compliance” in
relation to prescribed medical regimens in the late 1970s as “the extent to which the patients’
behaviour (in terms of taking medications, following diets, or following lifestyle changes)
coincide with medical advice'!3.” With a shift towards patient-centred care, however,
compliance took on paternalistic connotations, implying patient disobedience, lack of patient
autonomy, and limited patient involvement in decision-making.1%®113114 By the 1990s, a shift
towards the term adherence to define the degree to which patients followed a recommended
therapeutic regimen took place.'®® The World Health Organization (WHO)’s Adherence Project
defined adherence as “the extent which a person’s behaviour-taking medications, following a

diet, and/or executing lifestyle changes, corresponds with agreed recommendations from the

health care provider.**>”

Intervention fidelity: A rose by many other names

A plethora of other terms, definitions, and descriptors for intervention fidelity can be found in
complex interventions literature (see chapter Il). These vary between disciplines — for instance
between Education, Public Health, Physiotherapy, and Behavioural Medicine, and

context.!01140.105 Among these, intervention fidelity has been conceptualized as the faithfulness
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of an intervention to its underlying theoretical and therapeutic principles or to clinical
guidelines*~* intervention delivery in line with a plan*! or study protocol***, the concordance
of an intervention, as delivered, to the intervention as planned, and others. Although these
descriptions vary in in content and detail, they are conceptually similar and describe “the extent
to which an intervention was delivered as conceived and planned.!'®” Implicit among them is
the idea that intervention fidelity may act as a moderator of the effect of an intervention on
outcomes*?, and necessary to arrive at valid conclusions concerning interventions’ effectiveness

in achieving the target outcomes. 1011,40,105,116

The lack of consistency in the terms and definitions for intervention fidelity can be elucidated by
tracing its development from its origins in psychotherapy to its adoption across a range of
complex interventions, research disciplines, and settings. Overlapping terms and a lack of
consensus about the components of intervention fidelity can be seen through its evolution. In
surgery and rehabilitation, interest in intervention fidelity has been more recent, and grown
consistently over the past decade. However, the adoption of fidelity models and constructs from
a variety other fields and lack of consensus on elements of fidelity most suitable for
rehabilitation interventions mean that those who develop, implement and study physical
complex interventions have no common language by which they can make assessments and

develop robust methods to support intervention fidelity. 194063117
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The history and development of intervention fidelity

The concepts behind intervention fidelity emerged from psychology and psychotherapy in the
1950s and 1960s. Over the following 70 years, its definition and components continued to
evolve, broadened to include a range of methodological techniques employed to monitor and
enhance the reliability and validity of interventions across a wide range of clinical and research
disciplines.? This expansion has resulted in the many different definitions and fidelity constructs
used inconsistently and interchangeably today. Interest in intervention fidelity has grown in
surgery and rehabilitation in the past 2 decades, but its development in physical complex
interventions is more recent than in psychology and behavioural health, and fewer publications
in these fields describe the development of logic models for intervention fidelity in their clinical

trials or monitoring of fidelity with objective measures.3646,52,60,105,118,119

1950s-1980s: Fidelity evolves in psychotherapy, psychology, and behavioural health

As early as the late 1950s, concerns arose about overlapping treatment conditions, vague
intervention descriptions and dosage, and poor reporting hindering replication.'?° The evolution
of client-centred psychotherapy increased the systematic evaluation of interventions and their
implementation in psychology.*?! Intervention fidelity and fidelity measurement were first
delineated in Behavioural Psychology and Psychotherapy literature in the late 1970s.12?2 Emphasis
was placed on treatment integrity and collecting data during treatment sessions to ensure that
intervention procedures followed protocols, treatment differentiation and therapist competence
were maintained, and treatment length was held constant.!?3 By 1979, Cook and

Campbell proposed that absent fidelity monitoring or optimization would make it difficult to
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know if significant results in trials of new interventions (in psychology) are due to an effective
treatment or to unknown factors that may have been unintentionally added to or omitted from

it during the study.'?*

Still referred to as treatment integrity (or treatment adherence) in psychology literature by the
early 1980s, it was increasingly defined as the degree to which a treatment is implemented as
intended.'?>1%¢ Few studies in psychotherapy or behavioural psychology monitored or reported
fidelity, however, and poor intervention replicability continued to concern researchers and
research methodologists. In 1980, Billingsley, White, and Munson (1980) reviewed 108 studies of
applied behavioural analysis and behaviour modification and found that while 82% of studies
reported the reliability of their outcome measures, only 5.6% of those same studies assessed
treatment implementation (fidelity).1?” In 1982, Peterson et al. found that only 20% of 539
behavioural psychology studies published between 1968 to 1980 assessed treatment

implementation.!?®

1980s-1990s: Fidelity in community mental health, education, school-based interventions

By the 1980s, there was growing interest in identifying the essential features of interventions
and enhancing their implementation in other complex interventions. It was increasingly applied
to interventions in community mental health, education, and school-based intervention
programs. Blakely et al. (1987) described social intervention programs as consisting of a finite
number of components and defined fidelity as the proportion of program components that were

actually implemented.*?® In 1988, Breck and Test empirically measured program
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implementation, including fidelity to their conceptual models, in community mental health
settings, demonstrating the feasibility of systematic fidelity monitoring.*?° Their research and
series of publications anticipated more systematic fidelity monitoring and the development of
fidelity assessment tools. Increasing attention was also being paid to intervention fidelity and
fidelity monitoring in education and school-based interventions research.**® Meyer and Herman
also examined the implementation of school-based programs, recommending that modifying
interventions to accommodate local needs is necessary and acceptable as long as the critical

features of a program are delivered as planned.!3!

Healthcare, health service delivery, medical care

In the 1980s and 1990s, greater recognition the effects of intervention fidelity on the internal
validity of intervention studies and its importance for both quality healthcare and the
dissemination of evidence-based interventions led to increasing efforts to formalise and guide
fidelity assessment to enhance intervention fidelity.13%13% Donabedian’s model (1982) for
evaluating the quality of medical care proposed that the quality of care includes aspects of both
structure, encompassing the framework for medical service or interventions delivery, and
process , comprising the way in which the services or interventions are delivered.*** Fidelity
constructs were also expanding to include additional dimensions beyond treatment integrity and

differentiation.

1990- 2004: The first intervention fidelity guidelines

Moncher and Prinz proposed the first set of guidelines for enhancing of treatment fidelity in
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1991.3” Moncher and Prinz recommended that researchers operationally define interventions,
adequately train interventionists using treatment manuals and provide them with ongoing
supervision, measure adherence to treatment (fidelity) through observation, and use fidelity
data to interpret research findings.?’ Subsequently, Lichstein, Riedel, and Grieve’s treatment
implementation model (1994) proposed two additional processes as part of intervention fidelity:
treatment receipt, or the degree to which participants understand and demonstrates knowledge
of and ability to use treatment skills, and treatment enactment, or the degree to which the
participants apply skills learned in treatment in their daily lives.*® Lichstein and colleagues

also identified strategies to enhance treatment fidelity, a number of potential threats to fidelity,
and methods of measuring treatment fidelity in research.’*> Their work, along with
Donabedian’s model and Moncher and Prinz’ recommendations influenced future development
of intervention fidelity in research and intervention implementation in clinical practice, and

continue to be key components of fidelity enhancement to this day.

Throughout the 1990s, interest in refining fidelity assessment tools continued to grow with
increasing recognition that without data from fidelity monitoring, it would be “difficult to
determine whether non-significant results are due to a poorly conceptualized program or to an
inadequate or incomplete delivery of the prescribed services.!3® Moncher and Prinz (1991) had
defined fidelity as “confirmation that the manipulation of the independent variable occurred as
planned,” describing two principle components to treatment fidelity. The first, treatment
integrity, is the degree to which a treatment condition is implemented as intended. The other,

treatment differentiation, “refers to whether treatment conditions differ from one another in
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the intended manner such that the manipulation of the independent variable actually occurred
as planned.®”” In 1994, McGrew et al. were among the first to show a predictive relationship
between these factors and treatment effectiveness.'3” They worked with an expert panel to
identify the critical ingredients of an evidence-based practice in community mental health
(Assertive Community Treatment -ACT) and construct a fidelity assessment scale and fidelity
index. They then evaluated a collection of published studies of ACT with their fidelity scale,

demonstrating a predictive relationship between their fidelity index and client outcomes.*3’

Continued development in psychology and expansion in education and public health
Intervention fidelity monitoring continued to develop within psychology, education, and public
health. By 1998, Dane and Schneider recommended assessment and verification of intervention
fidelity (integrity) as a vital component of intervention evaluation.**® They expanded on the
components of intervention fidelity, describing it in five dimensions: 1. adherence, or the extent
to which critical components are implemented as intended (also referring to it as treatment
integrity); 2. quality as a measure of instructional quality separate from adherence to
components; 3. exposure, or the amount of instruction provided (dosage); 4. participant
responsiveness, or the extent to which participants responded to the intended treatment
(treatment receipt); and 5. program differentiation, or the extent to which a treatment differs

from the comparison condition.!3®

Building on Moncher and Prinz3” and Dane and Schneider’s'3® work, the definition, monitoring

and measurement of intervention fidelity expanded in the health sciences. A consortium of
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National Institutes of Health (NIH) -funded projects focused on improving health-related
outcomes culminated in the formation of the NIH Treatment Fidelity Workgroup in 1999. The
fidelity working group made several recommendations to improve treatment fidelity in health
research, publishing the NIH Behaviour Change Consortium Comprehensive Fidelity Framework
(NIH-BCC) in 2004.133 The framework provided guidance for the assessment, enhancement and

monitoring of intervention fidelity in health behaviour research.3%133

The NIH Behaviour Change Consortium Comprehensive Fidelity Framework

The NIH-BCC framework conceptualised fidelity across five core domains: Study Design, Provider
Training, Intervention Delivery, Intervention Receipt and Enactment (table 1.1,).33 The NIH-BCC
fidelity framework recommended actions to help researchers enhance and monitor intervention
fidelity.>>*33 These include: 1. training and supervising intervention providers using specific
strategies, and assess the providers before treatment delivery to ensure they acquired critical
skills; 2. measuring treatment adherence and dosage, but also variations in treatment fidelity
among interventionists, treatment differentiation, and treatment receipt; 3. collecting data on
treatment and comparison sessions using audio tapes or observations and conducting exit
interviews with comparison group interventionists to assess treatment differentiation; and 4.
monitoring and describing treatment receipt to ensure participants used the learned
intervention skills in day to day settings. The NIH-BCC recommendations were later adapted for

public health trials.**®
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NIHBCC Comprehensive Study Design Does study adequately test its hypotheses in relation to underlying theoretical and

Fidelity Framework, clinical processes? Are interventions’ active ingredients fully operationalized?
Borelli et al, 2005 Provider Training Is there standardizing training between providers, ensuring providers are trained to
criterion, and is there monitoring and maintaining of provider skills over time?
Treatment Delivery Is there differentiation (providers only deliver the target treatment and not other

treatments), treatment competency (providers maintain skills learned in training) and
treatment adherence (delivery of treatment components as intended)?

Treatment Receipt Was the treatment delivered to the participant actually “received,” or understood
accurately by participants? Did participants demonstrate knowledge of, and ability to
use, the skills or recommendations learned in treatment.

Treatment Enactment Can participants perform treatment related behavioral skills and cognitive strategies
in relevant real-life settings? Are skills implemented in appropriate situations and
time to have the intended effect on clinical and research outcomes?

Fidelity Framework by Intervention design Intervention’s framework and elements essential to the design of a trial, it’s
Gearing et al, evaluation or replication. Includes a program model, treatment manual.
Intervention training Intervention fidelity requires adequate training and supervision of interventionists.

Training elements include interventionist differences, such as levels of skills,
education, experience, and implementation styles.

Intervention delivery Adherence to and integrity of treatment. Measures may include; frequency counts,
logs, records of how many times a behavior or technique occur. Includes whether
prescribed behaviors have taken place, dose of program content delivered to and
received by participant.

Intervention receipt Elements that focus on whether participants received the treatment, and whether
essential elements were provided in the treatment.

Table 1.1: The NIH-BCC Fidelity Framework and Gearing’s Comprehensive Fidelity Framework

2007-present day: Further development of fidelity models and assessment

Further development of intervention fidelity constructs and models in health and behavioural
sciences continued to expand the dimensions of fidelity, with the Implementation Fidelity
Framework (IFF) by Carroll et al. in 20072, Gearing’s Comprehensive Fidelity Framework*° in
2011, and Nelson et al.’s 5-step framework assessing intervention fidelity in experiments in
educational and behavioural interventions in 2012. The IFF conceptualises fidelity in terms of
intervention or program content (active ingredients), coverage (the reach of the intervention),
frequency (the number of sessions), duration (time taken), complexity (difficulty level of the
intervention or program), quality of delivery (interventionist competence), facilitation strategies

(strategies used to enhance intervention delivery) and participant responsiveness (participant
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receipt).? The IFF also added an emphasis on the context interventions are delivered in and
moderating factors that may influence the intervention and participants’ responses to it.
Gearing’s Comprehensive Fidelity Framework (table 1. 1), described in greater detail in Chapter Il
of this thesis (see Chapter Il, table 2.3), operationalised intervention fidelity in four elements:
design, provider training, monitoring of intervention delivery, and intervention receipt, with

special consideration given to threats to fidelity and their measurement.*®

Nelson et al. defined fidelity as “the extent to which an intervention’s core components have
been implemented (and differentiated from control conditions) as planned.***” In Nelson’s
model, fidelity assessment is the measurement of the causes (interventions) of effects
(outcomes). Intervention fidelity calls for measuring all causes, to the extent possible, in order to
understand what works in the context of an RCT.**° Assessing intervention fidelity provides a
means for describing the extent to which the intervention as implemented (the actual cause)
resembles the intervention as designed (the theoretical cause), providing an explanation of how
assignment to a condition (experimental or control) resulted in some difference (or lack of

difference) between the conditions.

Mirroring aspects of the NIH-BCC fidelity framework, Nelson’s five-step process for assessing
intervention recommends:
1. Specify the intervention model, or the theoretical mechanisms by which the

intervention is meant to work and effect change in an outcome.
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2. ldentify appropriate fidelity indices, or what will be assessed to indicate intervention
fidelity and how it will be measured.

3. Determine the reliability and validity of the fidelity index.

4. Combine indices where appropriate (if multiple fidelity assessments or assessment of
multiple intervention components is undertaken).

5. Link fidelity to outcomes where possible. Linking analyses linking fidelity measures to
outcome measures, revealing how differences in fidelity may be associated with

differences in outcomes

Emergence of Implementation Science

The number of fidelity models and constructs continued to grow over the past two decades and
a new scientific discipline, Implementation Science emerged. Implementation Science focuses on
facilitating the spread and uptake of evidence-based practices in healthcare and public health,
and is defined by the NIH as “the study of methods to promote the adoption and integration of
evidence-based practices, interventions, and policies into routine health care and public health
settings to improve the impact on population health. 4914 |mplementation science also
examines the fidelity with which practitioners and policymakers implement evidence-based
practice and research into regular and adaptation of these to local contexts. The focus of this
thesis is intervention fidelity in clinical trials, whether of intervention efficacy or effectiveness,
however and not on the implementation of interventions in clinical practice. Therefore, the
development and current state of evidence for implementation science or fidelity models and

assessments used therein are not captured by this thesis.
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Proliferation of fidelity constructs: Lack of consensus on defining or operationalising fidelity
The proliferation of fidelity models, frameworks, and related measures, both for use in studies of
interventions or program effectiveness and the implementation of evidence-based intervention
in clinical practice, continued throughout the past two decades. For example, Gearing’s 2011
review of peer-reviewed literature reviews, systemic reviews, and meta-analytic review articles
in health and behavioural health published between 1190 and 2009 identified 27 fidelity models
or constructs applied in empirical papers in psychology or behavioural health. By 2017, Watson
et al.’s systematic review of intervention fidelity in physical activity interventions identified 66
approaches to measuring fidelity across 21 studies, with 52 approaches measuring intervention
delivery fidelity, eight measuring enactment, four measuring receipt, two measuring training

fidelity and no papers assessing fidelity in intervention or studies’ design.

Fidelity models, frameworks, constructs and assessments can now be found in a range of fields,

139

including psychology and mental health®*?, behavioural health#?, education*®?, physiotherapy®®,

43 speech-language pathology*, nursing*®, public health!*®, and others.

occupational therapy
As fidelity evolved from its initial focus on treatment integrity into a broader multi-faceted
concept, it encompassed an increasing number of elements. Ultimately, the concept grew to
include the fidelity of each stage of an intervention where an action is intended to occur, as well
as the design of the research study in which they take place.!! The multifaceted nature of

intervention fidelity, together with the absence of a unified approach to enhancing or

monitoring it within and across research disciplines (e.g., education, health, social programs),
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have led to a broad range of terms used to describe it (i.e. fidelity, integrity, adherence,
competence, compliance, concordance), and the varied operational definitions for fidelity and

methods to assess it.

Consensus statements: Fidelity in reporting guidelines

With growing emphasis on improving the reporting and replication of interventions from clinical
trials, research reporting guidelines such as the Transparent Reporting of Evaluations with
Nonrandomized Designs (TREND) of 2004**” and updates to research reporting guidelines
Consolidated Standards of Reporting Trials (CONSORT)* guidelines in 2010 and Consolidated
Standards of Reporting in Non-pharmacological treatments (CONSORT-NPT)**? in 2017 included
items related to intervention fidelity or participant adherence to study protocols. For example,
TREND item 4 includes detailed description of the intervention intended and how they were
actually delivered, including their dosage, providers, and any strategies used to increase
“compliance or adherence.'*”” The CONSORT*® statement also recognises that a trial protocol
may not be followed fully by some trial participants for a wide variety of reasons, including
failure to receive the entire intervention as planned or received a proscribed co-intervention.'3
The CONSORT-NPT includes 2 items addressing intervention fidelity: item 5c¢ describes “details of
whether and how adherence of care providers to the protocol was assessed or enhanced,” while

5d describes this for participants’ adherence to interventions.#?

The Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT)?® statement,

published in 2013, Template for Intervention Description and Replication (TIDieR) Checklist**° in
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2014, and the Consensus on Exercise Reporting Template (CERT)*! of 2016 also included items
reporting intervention fidelity and participant adherence (appendix | figures 1.1-1.3). The
SPIRIT?® statement includes one item (11b), describing criteria for intervention modifications for
a given trial participant, though it offers little guidance on how those modifications can be
described or identified in study protocols, and 11c, strategies to improve adherence to
intervention protocols, and any procedures for monitoring adherence. Both TIDieR (9-12)*° and

CERT (14-16)**! included items relevant for reporting intervention adaptation and fidelity.

The TIDieR*™° checklist includes 12 items, with items 8 “When and how much” (describes the
dose of an intervention), item 9 “Tailoring” (if the intervention is planned to be personalized,
titrated or adapted, then describe what, why, when, and how) item 10 “Modification” (if
modified during delivery, what, why, when, and how), and items 11 and 12 “How well
(intervention fidelity and adherence and assessment) representing key aspects of intervention
specification, delivery and fidelity. The CERT*>! checklist includes item 5 (detailed description of
how adherence to exercise is measured and reported), items 13 (when and how much, or
dosage), items 14a and 14b (tailoring and adaption, including detailed description of how
exercises are tailored to the individual) and items 16a and 16b (describe how adherence or

fidelity were measured, and extent to which the intervention was delivered as planned).

Where are we now? Fidelity in education, psychology, behavioural and public health
While it is increasingly recognized that intervention fidelity is important for the interpretation

and replication of clinical trials in complex interventions, few studies measure or report
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intervention fidelity, and fewer measure fidelity quantitatively.>*%1>? Systematic reviews of
intervention fidelity in education, psychology, behavioural and public health have identified poor
use and monitoring of intervention fidelity.}1391537155 For example, Walton et al. found that
fewer than just over a third of the 66 studies included in their systematic review of complex,
face-to-face health behaviour change interventions measured intervention fidelity.#? A
systematic review of school-based reading interventions in education by Capin et al. (2018) also
found that less than half (47%) of the 175 included studies reported treatment fidelity data,
either numerically or in narrative form.'*® Kechter et al. (2019) reviewed reporting of
intervention fidelity in mindfulness-based intervention trials, finding that only 25 (12%) of 202
eligible papers described or reported intervention fidelity.*>” Other reviews have also found
poor identification of fidelity constructs or components. A scoping review of fidelity by Slaughter
et al. (2015) also review found that none of 72 included papers reported either fidelity
definitions or conceptual fidelity models or frameworks.'%1°® Lambert et al. (2017) also found a
lack of attention to the quality of fidelity assessments, when they were reported, with few
studies using objective methods.*>® Factors that may influence the poor uptake or reporting of
intervention fidelity are discussed later in this chapter.

III

The ”physical” complex interventions: Surgery, rehabilitation, physical activity interventions.
In parallel to the development of intervention fidelity in the 1990s and 2000s, growing interest
was focused on complex interventions in healthcare. The focus of this thesis is on complex

interventions in controlled trials in physical domains of health care, specifically surgery,

physiotherapy, occupational therapy, speech and language therapy (rehabilitation, broadly
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defined), exercise and physical activity interventions. These practitioner-based complex
interventions share key characteristics, including involving multiple interacting components
targeting a range of effects to achieve a desired outcome, requiring a minimum amount of
practitioner skill and expertise to deliver the intervention, practitioner learning curves, and some
necessary degree of adaptability or flexibility to be tailored to individual participants,
interventionists, or settings. These characteristics present unique challenges and opportunities
for their innovation and evidence-gathering, such as the need for replicable intervention
implementation despite the inherent difficulty in standardizing interventions which are
multifaceted and often tailored to individuals.>™ These complexities must be considered in their
study design, in addition to the practical and methodological difficulties associated with most

interventions.>™’

The Medical Research Council Framework for developing and evaluating complex
interventions

The United Kingdom’s Medical Research Council (MRC) published its first framework for
developing and evaluating complex interventions in in health and social care services, public
health practice, and other areas of social and economic policy 2000.*>° This was revised in 2008>
and most recently, in 2021%°. The MRC framework proposes that complex intervention research
goes beyond focusing mostly on intervention efficacy or effectiveness, but also asks a broader
range of questions, including why and how an intervention works, and it interacts with the
context in which it is implemented, among others (figure 1.1). Interventions are considered to

be complex because they are made up of various interconnecting parts, target a range of
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behaviours, require expertise and skills by those delivering and receiving the intervention; target
a number of groups or settings, and permit a level of implementation flexibility.?° Their
evaluation is made difficult by the complexities of developing, identifying, documenting, and
reproducing the intervention and the range of settings and contexts in which they may be
implemented.>'*° The development and evaluations of complex interventions requires a phased,
often non-linear approach and use of qualitative and quantitative evidence. Preliminary work is
often required to establish the active components, parameters, and feasibility of the

intervention so that they can be delivered effectively and evaluated in a trial.

Feasibility
Assess intervention feasibility and
acceptability in order to make
decisions about progression to the
next stage of evaluation

Develop intervention
Develop a new intervention or
adapt an existing one for a new
context based on research

evidence or theory of the Core Elements

Consider context
roblem
P [ Develop, refine, and retest programme theory As . Et"m‘;::’" ing th
Engage stakeholders T

Identify key uncertainties most appropriate methods for
Refine intervention the research questions

Economic considerations

OR

Identify Intervention
Chose an intervention that
aready exists or is planned

and explore its evaluability Implementation

Deliberate efforts to
increase the impact and
uptake of successfully
tested innovations

Figure 1.1: MRC Complex interventions guidance

Phases and core elements of complex intervention research. Adapted from Skivington et al, 20212°

The MRC framework recognises that many complex interventions may require tailoring to local
circumstances rather than completely standardised delivery or implementation. As a result,

intervention fidelity for complex interventions may not be straightforward and may depend on
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the purpose and context of the study investigating them. In an explanatory study or one seeking
to identify interventions’ active ingredients, greater standardization and fidelity of intervention
delivery would be required. In pragmatic trials or interventions designed to be adapted to local
circumstances, greater adaptation and variations in intervention implementation may be

permissible.

The 2008 update of the MRC guidelines recognised the value of process evaluation within trials,
including that they: “assess fidelity and quality of implementation, clarify causal mechanisms and
identify contextual factors associated with variation in outcomes.**” In 2015, the MRC process
evaluation guidance was published, emphasizing the importance of intervention fidelity for
understanding intervention effects.*® Intervention fidelity was defined as whether an
intervention was delivered as intended, with dose (the quantity of intervention implemented)
presented as an independent concept. Findings for limited intervention effects in a study could
reflect weaknesses in intervention design or poor intervention implementation, though positive
intervention outcomes could be found even when interventions were not delivered as intended,
highlighting the importance of fidelity assessment in process evaluations to help determine what

was done, what was changed, and what may (or may not) have worked.*®

Referencing intervention tailoring for different contexts to interventions’ theoretical
underpinnings is also recommended to differentiate adaptations facilitating intervention use in
new contexts from those that undermine intervention fidelity. Of note, the 2015 process
evaluation guidance discusses the lack of consensus on how best to divide intervention

implementation into components, such as fidelity, dose, and reach, and the impossibility of
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adjudicating between the various implementation and fidelity frameworks currently available. °

The IDEAL Collaboration and IDEAL Frameworks

Between 2007 and 2009, the Balliol Collaboration, an international group of experts in surgery,
evidence-based medicine, and clinical trials methodology took part in three conferences on
surgical innovation and evaluation at the University of Oxford. Their primary goal was to draft a
series of papers for The Lancet describing the relationship between innovation and clinical
practice in surgery. The first paper focused on the process of innovation and assessment of novel
surgical interventions.'®® The second paper described the challenges faced in designing clinical
trials of surgical interventions®?, while the third paper presented the IDEAL (Idea, Development,
Exploration, Long-term study) framework to aid the “timely and appropriate assessment of

surgical innovation along its different stages.?”

The IDEAL framework was later expanded to include other non-pharmaceutical complex
interventions such as surgically implanted medical devices IDEAL-D*? in 2016), radiotherapy (R-
IDEAL®3 in 2017), and most recently, physiotherapy and rehabilitation (IDEAL-Physio) in 2018.”
The framework was updated with new recommendations and an additional stage, IDEAL-O, for
preclinical studies and development in medical devices in 2019.1%4 The IDEAL reporting
guidelines were published in 2021.%%° As the focus of this thesis is in complex interventions in the
physical domain (surgery and rehabilitation), the content and recommendations of the main
IDEAL framework and IDEAL-Physio (rehabilitation) will be discussed. Subtle variations between

the extensions of the framework exist, given their target interventions (for example, IDEAL-D?6?
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focuses on innovation in implantable medical devices).

The IDEAL framework was based on the principle that innovation and evaluation in clinical
practice can, and should, evolve together in an ordered manner: from conception to
development and then to validation by appropriate clinical studies and, finally, longer-term
follow-up.®” The IDEAL framework divides the stages of non-pharmacological complex
interventions’ innovation into 5 phases: 1. idea; 2a. development; 2b. exploration; 3. assessment
and 4. long-term study (figure 1.2). In stage 1, the idea phase, proof of concept or first-in-human

use of the intervention takes place and formal data collection should begin. Stage 2a is the phase

for iterative improvement and adjustment of the intervention to achieve stability and
replicability, with thorough data recording. Stage 2b involves achieving consensus on the
intervention’s stability through formal evaluation using systematically collected group or

cohort data. Stage 3 is the phase for formal comparative assessment of treatment, usually

involving randomized studies. Stage 4 involves long-term follow-up.

AGREEING
Focus on defining the
intervention: indications, MONITORING
CREATING standards for acceptable Large-scale surveillance of
Evaluation describes the new quality of delivery by outcomes in routine use of the
innovation in its first live collaborative prospective intervention: looking for
demonstration: what it is, how it cohort study: analysis of trends, unexpected late
works, first lesson learned. learning curves. and rare effects.
LONG-TERM
ID1EA DEVELOPMENT EXPLORATION Y
2a A
REFINING COMPARING Novel Contributions
lterative improvement of the Evaluation of intervention ev:TJaDtleE‘t\r:-eISZ?sdp:g:ts
intervention until it reaches against current practice now
a stable form.What was possible: RCT, etc.
changed, when, why,
with what impact on

before attempting RCT/

definitive trial.
outcomes?

Figure 1.2: The IDEAL Framework: Stages and evaluation pathway.
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While terms for intervention fidelity are not explicitly included in the IDEAL framework’s
recommendations, IDEAL recommends actions that are essential for intervention fidelity
throughout the stages leading up to, and including, controlled trials. These include detailed
documentation and testing of intervention procedures and parameters, documentation of
iterative modifications to interventions and reasons for the modifications, assessment and
consideration of interventionist learning curves with new procedures, documentation
intervention tailoring and adaptation, with reasons for the tailoring and its outcomes, and
ensuring interventions are sufficiently stable and replicable before being subjected to

comparative evaluation in controlled trials.”164

IDEAL Stage 1 (IDEA: first in human or proof of concept studies), recommends careful
documentation of the evolving intervention, including the interventions’ theory and proposed
mechanisms of action, intervention details and any modifications that were made to the it, with
reasons.”'®* |t also recommends documenting interventionists and patients (or participants’)
experience with the intervention. Use of a structured reporting system, such as the SCARE
guidelines is also recommended. The Surgical Case Report Guidelines (SCARE*®®17) include items
for detailed intervention description (including physiotherapy), procedures, and participant

adherence.

Stage 2a (Exploration: Single centre/single intervention; case series and prospective cohort
studies) recommends detailed and technical description of the intervention and its procedures

with careful documentation of modifications made to the intervention with reasons for all
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changes. /1% Outcomes at this stage are mainly safety and technical and procedural stability. By
the end of stage 2a, the intervention should have detailed procedures, defined parameters and
indication, with no further iterative modifications expected. The intervention should be
sufficiently stable to allow for high quality replication by a larger number of interventionists and
centres in the following stage, IDEAL 2b. The study protocols for IDEAL stages 2a and 2b should
also be designed with these considerations in mind and be registered and available for

consultation and scrutiny.

IDEAL stage 2b (Exploration) acts as a bridge from observational to comparative evaluation, with
prospective multicentre exploratory studies and pilot or feasibility trials. /%% Studies in this stage
tend to be collaborative and multicentre, with cooperative data collection. The focus of this
stage includes intervention and trial feasibility and determining whether an intervention is
sufficiently stable and defined that can be more widely adopted and a progression towards a
comparative trial (RCT) is feasible and desirable. Key features supporting intervention fidelity in
this stage include standardizing intervention and comparator definitions, defining and measuring
intervention quality standards, continued analysis of interventionist learning curves and training
needs, and estimating the influence of prespecified tailoring and adaption on participant
outcomes, analysis of any unexcepted or adverse events, and collecting data for stakeholder

values and experiences with the intervention.

In state 3 (Assessment), comparative effectiveness testing of the intervention takes place,

typically though an RCT or alternative designs (i.e. cluster, preference RCTs, stepped wedge or
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adaptive designs). 7*%* The two main endpoints of this state are valid evidence for the relative
effectiveness of the intervention and identification of issues requiring long term monitoring, if
applicable. Key recommendations include use of Core Outcome Measures in Effectiveness Trials
(COMET)*®8, those made by the 2010 CONSORT**® update with extension for non-
pharmacological treatments, and use of appropriate reporting guidelines such as SPIRIT?® for
protocols, and TIDieR*°, both of which include items reporting intervention fidelity and
participant adherence. Stage 4 (Long-term monitoring) is a surveillance stage and takes place
mostly through mentoring of registry or routine care databases and lies beyond the focus of

intervention fidelity.

Intervention Fidelity in surgical RCTs

In 2015, Blencowe et al., working with the MRC Hub for Trials Methodology Research Network
Workshop, published further guidance for interventions in randomised trials in surgery, including
pre and post-operative physiotherapy.'® They identified key issues to consider in the design of
surgical RCTs, including identification of each surgical intervention and their components, who
will deliver the interventions, and where and how the interventions will be standardised and
monitored during the trial. They defined intervention fidelity as “How far those responsible for
delivering an intervention actually adhere to the intervention as it is outlined by its designers.?

Fidelity is also referred to as compliance or adherence.

Guided by Carroll’s Implementation Fidelity Framework, Blencowe et al. proposed eight

questions to ask when designing an RCT for a surgical intervention (table 1.2). These encompass
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definition of the intervention and its comparison, pre-determining how interventions will be
specified in the RCT, who will deliver the interventions, and how their delivery will be monitored
during the trial to ensure intervention fidelity. As with the IDEAL Framework’s recommendations,
Blencowe et al. also recommend the skills of all these team members may influence treatment
outcomes, and it may be necessary to account for them in RCTs evaluating surgical interventions,

both at the design and analysis stage.

Questions to ask during the design of surgical interventions randomised controlled trials

(RCTs)

1. | Does the RCT involve a surgical intervention?

2. | What is/are the surgical intervention(s) under evaluation?

3. | What is/are the concomitant intervention(s) accompanying surgery?

4. | What will influence standardisation of the interventions?
a. What is the overall study design?
b. What type of comparator is in the RCT?

c. In what stage of development is/are the surgical intervention(s)?

How will the intervention(s) be standardised in the RCT?

How will delivery of the intervention(s) be monitored in the RCT (fidelity)?

Who will deliver the intervention(s) (operator expertise)?

© N o »

Where will the intervention(s) be delivered (context)?

Table 1.2: Blencowe et al.: Questions to ask during the design of surgical interventions RCTs*®

The recommendations emphasized the importance of pre-specifying how standardized the
surgical intervention should be in the trial protocol. This would include identifying which
components or steps of a surgical operation are essential a priori, so that these, and any
prohibited steps performed in error or by necessity can be monitored during the trial. Assessing

whether key components of an intervention were performed according to protocol could be
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accomplished by direct observation of the intervention, video or photographic assessment, or
surgeon-reported descriptions of what was done. In trials with a more flexible protocol, stating
that these intervention steps can be carried out according to surgeons’ preferred techniques,
monitoring intervention delivery may not be required, particularly. This loss of information about
intervention delivery and fidelity may limit interpretation of trial results, however. In explanatory

trials, intervention fidelity data could be used to improve training of surgeons if fidelity is poor.

Subsequent work by Blencowe et al. developed a typology and framework to standardize the
delivery and monitoring of surgical interventions in their trials and protocols.'®? Included in this
typology , intervention fidelity is essential for the interpretation of surgical trial results and
subsequent implementation of the interventions in clinical practice. Intervention fidelity

monitoring was operationalized in three levels:

1. Deviation from intended intervention.
2. Deviation from components of the intended intervention.

3. Deviation from steps within components of the intended intervention.

Using this fidelity can be reported as: the intervention, component or step is not delivered at all;
an intervention, component or step from another trial group is delivered instead; or an entirely
different intervention, component or step is delivered. Reasons for the deviations are important

and should be documented throughout the RCTs.

Outside of surgery, the Osteoarthritis Research Society International (OARSI) published a series
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of papers beginning in 2015, focused on improving the conduct of clinical trials and
implementation of evidence-based practices in osteoarthritis of the hip and knee. One paper,
“OARSI Clinical Trials Recommendations: Design and conduct of clinical trials of surgical
interventions for osteoarthritis” highlighted methodological challenges in the design and
conduct of randomized trials of surgical interventions in osteoarthritis and proposed strategies
to address them.?” The paper focused on three broad areas: enrolment; intervention; and
assessment. In the intervention category, surgical intervention design and implementation pose
challenges relating to obsolescence, fidelity of intervention delivery, and adherence and
crossover. Guided by Nelson’s 5 step Intervention Fidelity Model*3?, Intervention Fidelity was
defined as “the extent that the intervention is delivered in an identical fashion to each

subject.?””

The OARSI recommendations highlight the challenges of maintaining and monitoring fidelity in
trials of surgical procedures.?’ In particular, the slight differences in individual participants’
anatomy necessitate that different dissection planes, extent of lavage or control of blood loss,
soft tissue modifications and other modifications be made by the surgeon in real-time.

Echoing the recommendations of the IDEAL® framework and Blencowe et al.'®®, OARSI recognizes
that surgeons’ overall experience and learning curves associated with the surgical intervention
being investigated also present challenges for intervention delivery or fidelity assessment. To
address these issues, OARSI recommends that surgical investigators should develop consensus
on the precise surgical protocol, including the decisions that may be made due to particular

intra-operative findings before the trial. These should be summarized in an intervention manual
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or trial manual and be accessible to interventionists. Intra-operative filming may also facilitate
fidelity assessment and identification of departures from the study or intervention protocol. In
trials of novel procedures and materials, such as implantable devices or new instruments,

surgeons with minimal experience with the procedure or equipment should not be involved in

the study.?’

Intervention fidelity in rehabilitation

Another paper in the series by OARSI, “OARSI Clinical Trials Recommendations: Design and
conduct of clinical trials of rehabilitation interventions for osteoarthritis,” was published in
20159 targeting RCTs of the hip and knee, with applications to rehabilitation trials for other
regions as well. The recommendations included considerations for entering participants into
trials, conducting of trials, including enhancing and monitoring intervention fidelity and
participant adherence, selection of outcome measures, and recommendations for statistical
analyses and reporting of results. Thorough description of interventions, sufficient for
replication, including intervention dosage (intensity, frequency, duration), procedures for
tailoring interventions to individual participants, strategies to enhance participant adherence,
training of treatment providers, and treatment fidelity methods was also recommended.*’®
Intervention fidelity was not defined, nor were any fidelity modes or frameworks described or

cited in the paper.

The importance of maximizing and monitoring participants’ adherence to interventions in the

trial was also emphasised, and a variety of methods to enhance adherence and minimize
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dropouts, such as self-reported measures of exercise adherence, activity logs, accelerometers,
encouragement phone calls from researchers or interventionists, and others were suggested.
The OARSI task force recommendations also recognized that a high level of interventionist skill
and expertise in applying and monitoring interventions maximizes treatment fidelity.!’? Training
in the intervention should be provided to interventionists, along with supportive materials
including study manuals, DVDs and in person or on-line training programs. It may also be
necessary to verify that the interventionists have sufficient skill with the intervention following

training before treating participants as part of the trial.

Although no fidelity models were referenced or described in the paper, the OARSI taskforce and
recommendations sought to fill a gap in guidance for conducting and reporting of interventions,
including intervention fidelity, in RCTs of rehabilitation in persons with osteoarthritis.
Intervention fidelity had increasingly been addressed in behavioural and public health,
education, nursing, and other disciplines over the previous decades, but far fewer studies
guiding or monitoring intervention fidelity in physiotherapy and other rehabilitation disciplines
have been published.>”®0 Intervention fidelity monitoring in clinical trials of rehabilitation

interventions is infrequently described in published studies.36:46:52,60,105,119

Attention to intervention fidelity in physiotherapy research has been both recent (mostly within
the decade), and limited.®%!18171172 Eor example, systematic reviews of physiotherapy in

173

paediatric rehabilitation!’® and adult neurological rehabilitation'’* have found a lack of fidelity

monitoring or measurement in most of the reviewed studies, limiting the conclusions that can be
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drawn about intervention effectiveness from the included studies.'’* Morgan et al.’s 2016
systematic review of 36 trials of physiotherapy interventions for infants and children with
cerebral palsy found no studies reporting either monitoring or measuring intervention fidelity.’3
Vaughan’s 2015 scoping review of interventional and methodological paper for
Neurodevelopmental Treatment, a frequently use treatment in physiotherapy for children and
adults with neurological disorders, found that only one out of thirty-three eligible papers,
including 12 experimental studies, reported monitoring interventionists’ fidelity to the study
manual and intervention procedures (achieving “adequate fidelity”, predetermined as > 60%
fidelity to study instructions).!”> Fidelity was defined as the degree to which a therapist
implements an intervention under research conditions, with determination of causality
depending upon establishing treatment fidelity. Lack of intervention fidelity monitoring, poor
monitoring of participant adherence and treatment dosages, and inadequate reporting of
intervention procedures sufficient for replication were identified as major limitations in stroke

rehabilitation research overall 174176

Other reviews of neurological rehabilitation (i.e., for stroke), including physiotherapy,
occupational therapy, and speech-language therapy have found that intervention fidelity is rarely
reported. An analysis of 182 stroke rehabilitation trials published during 2015 by Walker et al.
(2017)Y7, found that fidelity was reported for fewer than 10% of included trials. Of those
reporting fidelity, most studies addressed a single aspect of intervention fidelity such as
participant or therapist adherence (dose). Intervention fidelity was operationalised as whether

interventions were delivered as intended, whether the interventions were modified to suit the
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local context (setting or therapist) or individually tailored to the person being treated, and the
methods used to maintain intervention fidelity during the trial. Items 8-12 from the TIDieR**°

checklist were used to assess publications for intervention fidelity.

More recent systematic reviews of interventions in speech-language therapy have also found
that many studies fail to adequately plan, investigate, or fully report intervention fidelity.’8180
For example, Brogan (2019) reviewed RCTs of speech-therapy interventions for post-stroke
aphasia published between 2012 and 2017.18! Defining intervention fidelity as “the degree to
which the administration of a treatment corresponds to the specified protocol for the
implementation of that treatment,” Brogan assessed intervention fidelity across 42 eligible
papers using the TIDieR*% checklist and following the NIH-BCC'3? fidelity model. Only 9 of the 42
papers (21%) reported treatment fidelity monitoring or treatment fidelity processes. Only one
paper (2%) contained every element of the recommended treatment fidelity areas. Overall, 37
(88%) papers addressed fidelity to study design, with the most reported element of intervention
fidelity being the planned therapy dosage. This was most frequently reported as the number of
minutes of therapy received. Enactment, or ensuring participants used intervention skills in daily
life was the least addressed component of fidelity, with 2 (2%) papers including this. Additionally,
little detail was provided for the make-up specific interventions, or their differentiation from

comparison conditions.8!

In other areas of physiotherapy and rehabilitation, such as cardiopulmonary rehabilitation,

sports rehabilitation, orthopaedic or musculoskeletal physiotherapy and manual therapy,
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intervention fidelity has generally been poorly addressed or reported.>?*27189 A 2021 systematic
review and meta-analysis of the efficacy and treatment fidelity of conservative treatment
interventions for persons with shoulder pain assessed intervention fidelity in eligible papers
using a modified version of Borelli’s intervention fidelity checklist (NIH-BCC3?)%2. Only 2 of the 10
included studies met the criteria for adequate intervention fidelity, and no study met all of the
checklist’s criteria for fidelity. The authors suggested that most studies included in their review
could have been influenced by factors linked to intervention fidelity, including a lack of
researcher training, lack of fidelity to protocols, and interventions not being performed as had
been specified in the protocol or study manuals. The authors proposed that a lack of
intervention fidelity could also help to explain why studies investigating similar interventions

produced different results.®?

A 2019 systematic review and meta-analysis of the efficacy and fidelity of clinical interventions
used to reduce posterior shoulder tightness by the same authors, using the same methods, also
found only 3 of the 13 included studies achieved good or better intervention fidelity.!®® The
authors identified an overall lack of identifiable methods to ensure that the interventions were
being performed as specified and delivered at the specified dose. Another systematic review and
meta-analysis of physiotherapy (manual therapy) interventions for knee osteoarthritis found only
one third of included studies had high levels of treatment fidelity.>>'* The lack of fidelity
monitoring or reporting in published physiotherapy trials is concerning, given the potential
impact it may have on rehabilitation research and participant outcomes. Without monitoring and

maintenance of intervention fidelity, there could be significant changes in the content and dose
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of interventions or their active ingredients. The difference between a participant being treated
for 30 minutes of physiotherapy, rather than the a study’s set protocol of 20 minutes, could be

substantial.”?

Poor monitoring and reporting of intervention fidelity has been described in a variety of other
papers in other rehabilitation disciplines. In occupational therapy, for example, Parham
investigated the intervention fidelity of research studies in occupational therapy investigating
sensory integration treatments, finding treatment fidelity was generally poor, compromising the
conclusions that and be drawn about the intervention’s effectiveness.*? A lack of attention to
intervention fidelity and poor consistency in the conceptualisation and measurement of fidelity
has also been reported in trials of physical activity and exercise-based interventions.*>46192 A
scoping review (2017) of 485 physical activity or exercise papers found that only 24 (5%) of
published articles described intervention fidelity.*> Analyses of exercise trials in meta-analyses of
hypertension treatments have also found poor reporting of intervention fidelity and participant

adherence across trials.1°2

A systematic review of intervention fidelity in physiotherapy by Toomey et al., followed the NIH-
BCC Comprehensive Fidelity framework and used the updated 40 item fidelity checklist!38 to
assess reported treatment fidelity among 22 studies of physiotherapist—led interventions to
promote self-management for people with osteoarthritis and chronic low back

pain.t’Y172 Intervention fidelity was poor across the 22 included studies. The average fidelity

score was just 37% out of a maximum score of 100% (all elements of the fidelity checklist
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addressed).?’? Levels of fidelity varied within studies but were generally poor. The average level
of fidelity across all studies of 35%, ranging from 12% to 63% , and no study achieving “high
treatment fidelity,” defined by the NIH-BCC as 80% or more on their checklist.>® The “content of
intervention” was reported adequately in all studies (100% fidelity score for that category) across
all 22 studies. Considering the components of intervention fidelity identified in the NIH-BCC
model, fidelity of treatment delivery was found to be 20% and fidelity of treatment receipt was
33%. Study design (53%) and treatment enactment (43%) were the most reported and highest
scoring components .Training of providers was the category achieving the lowest fidelity score

across studies (10%).

Poor conduct, poor definition, or poor reporting?

The lack of focus on intervention fidelity within rehabilitation trials may be influenced by the lack
of consensus for defining or conceptualising intervention fidelity or its components.t’%1°3 As well
as the myriad of fidelity constructs and models that have been developed for psychology,
behavioural health, education and public health, a number of fidelity constructs have been
reported in rehabilitation papers. For example, Nelson (2004)°!, Hildebrand (2012)'*, Persch
(2013)%3 Breckenridge (2015)*° Parham #? Hand (2018)**3, and Mihee (2021)%°, among many
others, have described or proposed variations on fidelity models and constructs adapted from
psychology or behavioural health for rehabilitation research. The number of fidelity models,
constructs, and definition in use in complex interventions in the physical domain has not been
quantified, to the best of our knowledge. What is certain, is that there is large variation and poor

consensus for what intervention fidelity should include, or how precisely to define it.
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The poor reporting of intervention fidelity in physical complex interventions may also just reflect
poor reporting, rather than poor conduct.**67172181 The conduct of a clinical trial and its
reporting are two distinct concepts.*®® While intervention fidelity in physical complex
interventions may not necessarily be poor, reporting of fidelity is. The 2010 updates to the
CONSORT™® guidelines, SPIRIT?®, TIDieR'*°, and CERT*! were developed to improve intervention
reporting, including intervention fidelity. Nevertheless, systematic reviews of clinical trials in
physiotherapy and other complex interventions find poor adoption of these standards, despite

wide-spread dissemination over the past decade.*®’

Systematic reviews of the quality of intervention reporting in rehabilitation have found that
many clinical trial papers do not report intervention details sufficiently to allow for
reproducibility, or fail to completely or acutely comply with the reporting recommended by the
SPIRIT?®, TIDieR*™°, and CERT*! checklsits.?®®2%2 For example, McCambridge et al. (2021)
evaluated 140 RCTs published in six leading physiotherapy journals between 2000 and 2018.%%?
The authors assessed each paper with the TIDieR*° checklist and the Physiotherapy Evidence
Database (PEDro)?® quality scale. They identified control and treatment interventions, exercise-
based interventions, and the area of physiotherapy practice. A 20% difference in the TIDieR*™° or
PEDRO?%3 scores between studies published in 2000 and 2018 was considered a meaningful
change. One hundred forty papers that met selection criteria, including 225 interventions. Their
analyses found that reporting of interventions in physiotherapy RCTs had not meaningfully
improved since the implementation of the TIDieR'*° guidelines, with approximately 42% of all

items checklist not fulfilled in the 2018 papers. Control interventions were reported less
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completely than the experimental interventions, although reporting for those did not change
meaningfully between 2000 and 2018. Only the number of treatment sessions was reported
more completely in 2018 than in 2000. Other systematic reviews in physiotherapy, speech-
language therapy, and cardiopulmonary rehabilitation, for example, also report a lack of detail

necessary to allow accurate evaluation and replication in trial publications.181/198-202,204

Why so poor? Possible barriers to intervention fidelity and fidelity reporting

The reasons for under-reporting of fidelity monitoring in trials of complex intervention are
various and complex. Poor reporting of intervention fidelity may be influenced by editorial

issues such as word count limitations in scholarly journals and a lack of journal editorial
requirements to report intervention fidelity.%'2°® While the CONSORT*® guidelines, and the
SPIRIT?®, TIDieR*®°, and CERT®! checklists include items for intervention fidelity, they do not offer
specific guidance about how to actually report intervention fidelity in clinical trial papers.t’?
Surveys of researchers, trialists, and interventionists in complex interventions have found that
the lack of practical guidance, along with lack of criteria specifying acceptable levels of
intervention fidelity, difficulty quantifying fidelity data, and a lack of perceived importance are

barriers to addressing or reporting intervention fidelity.*

Several other potential barriers to treatment fidelity and fidelity monitoring in complex
intervention clinical trials have been proposed, including the potential increase in time,
resources and cost required to monitor, measure, and report fidelity. 211,364548172,205 | 5ck of

knowledge and need for further training and education around intervention fidelity are also
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perceived barriers to enhancing or monitoring intervention fidelity in clinical trials.**>? Other
reported barriers include potentially increased participant and provider fatigue caused by fidelity

or adherence monitoring record keeping or frequent intervention protocol reminders.>%20

Additionally, difficulty standardising complex interventions, with their multiple interacting
components, and their delivery have been identified as a barrier to intervention fidelity in their
clinical trials.?%” Pragmatic randomised clinical trials, in particular, offer practitioners
“considerable leeway in deciding how to formulate and apply?°®” interventions, making strict
standardization of interventions more difficult and inferences about the relationships between
intervention components and treatment effects more complex. >’*3 Pragmatic trials are also

209

designed to evaluate the relative effectiveness of interventions under real-life*® conditions, with

210

diverse clinical populations,“*® and against usual care interventions, further challenging how

fidelity is monitored or measured.?*1212

Interventionists in rehabilitation (for example, in physiotherapy or occupational therapy) may
also perceive that treatments in their discipline are highly individualized by nature, and not well
suited for detailed operationalisation or fidelity measures.'*® Interventionists may also feel that
fidelity monitoring sets stringent criteria for intervention delivery that limit flexibility and their
ability to adapt or tailor interventions to individual participants based on the interventionists’
clinical experience.?'3 A strict focus on intervention fidelity may, therefore, restrict
interventionists “therapeutic freedom,” restricting interventionists’ professional autonomy and

imperilling intervention outcomes. 172214215 |ncreasingly, however, careful, pre-planned
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adaptation of interventions to individual participants and settings is seen as an important part of
intervention fidelity, enhancing intervention effectiveness and the translation of interventions
into evidence-based practice, rather than as opposing concepts.*>216217 |nterventions can be
designed to allow for flexibility within fidelity, allowing tailoring to individual patients while still
remaining faithful to their treatment theory or the study’s program theory and avoiding

proscribed behaviours, particularly in pragmatic trials.1>%216-218

Understanding of the possible reasons for poor intervention fidelity during clinical trials, the
experiences and attitudes of stakeholders involved in these trials, and their contribution to
treatment fidelity remains insufficient, however. Nevertheless, there is also growing recognition
that the benefits of ensuring fidelity and addressing knowledge gaps in intervention fidelity in

complex interventions outweigh the potential costs and investments in time and labour.*8

Evidence gaps explored in this thesis

Throughout the literature review that informed this chapter (Chapter 1), several knowledge gaps
in the evidence for intervention fidelity were identified. Four primary evidence gaps will be

addressed in this thesis:

1. Fidelity constructs: A number of fidelity frameworks have been developed and published for
use in behavioural health, public health and education, but evidence-based guidance for
planning, enhancing, or monitoring intervention fidelity monitoring in clinical trials of complex

interventions in the physical domain (surgery and rehabilitation, broadly defined) is
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rare.f04>63219 A comprehensive fidelity framework for use in the physical domain could support
the design and conduct of more robust clinical trials and support the replicability of evidence-

based interventions in physical complex interventions,6:117,220-222

2. Defining fidelity: Very little guidance was found for assessing whether intervention fidelity was
supported, maintained, monitored, or measured in clinical trial publications. Definitional
inconsistencies and the number of varying conceptual interpretations of intervention fidelity
undermine identification of its core components and may foster inconsistent application of
methods to enhance or monitor intervention fidelity in complex intervention clinical trials.*1240
The large number of terms and definitions used for intervention fidelity may also make it difficult
to identify fidelity monitoring in clinical trial papers. Those who develop, implement and study
complex interventions have no common language by which they can make assessments and

develop robust methods to support intervention fidelity. 194063117

3. Fidelity and treatment effect estimates: It has been proposed that poor intervention fidelity
in clinical trials can dilute or diminish treatment effect sizes due to contamination bias and
extraneous variables, and trials with low fidelity would need significantly larger sample sizes to
compensate for this.>®> However, very few papers have provided evidence that improved
intervention fidelity leads to improved statistical power or can influence the magnitude or
direction of treatment effect sizes in clinical trials. The effect of poor intervention fidelity on

clinical trial treatment effects remains theorized, rather than quantified.

Research is needed to evaluate whether, and how much, intervention fidelity effects treatment
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effect estimates in clinical trials of complex interventions.>> While a range of factors biasing
treatment effects, such as randomisation and blinding, have been examined in meta-
epidemiological research, no meta-epidemiological studies have investigated intervention fidelity
in clinical trials, to the best of our knowledge. The effects of biases in RCTS can be unpredictable,
masking treatment effects or reversing their direction, shifting treatment effects toward or away
from the null,”® particularly when the results of RCTs are pooled in meta- analyses.??3
Determining the size and direction of intervention fidelity’s influence on treatment effect
estimates in complex intervention clinical trials can improve interpretation of their results and
their appropriateness to change practice. In this thesis, the term treatment effect will refer to
the estimated causal effect that the experimental intervention (independent variable) has on the

primary outcome (dependent variable) of the study.

4. Pragmatic trials: Much of the research identified in this review explores intervention fidelity in
the context of explanatory (efficacy) trials. Their tightly controlled nature and focus on examining
interventions under the best possible conditions to show an effect on outcomes careful
monitoring and documentation of intervention fidelity. However, pragmatic randomised clinical
trials are designed to evaluate the relative effectiveness of interventions under real-life?®®
conditions, with diverse clinical populations,?® and against usual care interventions.?*?12 Key
aspects of intervention delivery are likely to be less tightly controlled in pragmatic trials, creating
challenges for assessing and maintaining intervention fidelity.?1922422> Pragmatic trials can also
be challenging for intervention fidelity, as they often monitor, rather than ensure, fidelity.?%°

The applicability of fidelity constructs in pragmatic trials has not been explored extensively.
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Fidelity may look different in a pragmatic trial compared to an explanatory trial, for example, and

may depend on the goals of the trial as well as the kind of interventions being investigated.

Detailed explorations of intervention fidelity concepts, or their applicability, in pragmatic trials of

physical complex interventions are yet to be published.?162%4

Aims of this thesis:

Paez

Quantify the number of fidelity constructs, models, frameworks, or monitoring reported
in empirical and methodological papers reporting the delivery of complex interventions in
the physical domain: surgery, rehabilitation (physiotherapy, occupational therapy, speech
and language therapy), and exercise or physical activity interventions.

a. Synthesize a conceptual framework for intervention fidelity in clinical trials of complex
interventions in the physical domain.

b. Guided by the conceptual framework, develop a fidelity checklist to allow

transparent, reproducible assessment of intervention fidelity in RCTs of physical complex
interventions, facilitating aim 3.

a. Determine whether intervention fidelity influences the magnitude of treatment effect
estimates derived from RCTs of physical complex interventions.

b. Determine in which direction treatment effect estimates are biased by poor
intervention fidelity.

Hypotheses:

a. Poor intervention fidelity quantifiably biases treatment effect size and precision in

RCTs of physical complex interventions.

77



b. The direction of the bias is away from the null. High degrees of intervention fidelity
are associated with a larger treatment effect estimates and greater precision (smaller
standard errors and more narrow confidence intervals’%?2’) while poor fidelity supresses
treatment effects and reduces precision in complex intervention RCTs.

Apply the CONSIDER framework to explore intervention fidelity and participant
adherence in the ACL Surgery Necessity in Non Acute Patients (ACL SNNAP) study to:

a. Determine if CONSIDER be used to evaluate the fidelity of a complex intervention
pragmatic trial.

b. Describe the types of fidelity and adherence encountered in an ongoing clinical trial
c. Describe how fidelity and participant adherence can affect the analysis and
interpretation of ACL-SNNAP’s results

d. Glean insights about the results of the meta-epidemiological study through the

experience of trial conduct and reporting in the ACL-SNNAP trial.

Key terms:

In this thesis, an integrated definition of intervention fidelity is used (chapter Il), in which

intervention fidelity is an umbrella concept encompassing two distinct but related and

interacting components: intervention fidelity and participant adherence. Both are essential for a

clinical trial to be faithful to its protocol, and both can influence study outcomes, individually or

together:319-21

Paez
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1. Participant Adherence (adherence) focuses mainly on the actions of the participant.
Adherence encompasses both whether participants accept and initiate the intervention
allocated, and how well they comply with the prescribed, allocated intervention. For
example, this could be represented by measuring whether participants attended the
required number of therapy sessions, the frequency of intervention sessions or
frequency participants performed intervention activities (for example, completed a home
exercise a certain number of times per week).

2. Bias: Bias will be defined as per the Cochrane Handbook, version 6.2: “A systematic error,
or deviation from the truth, in results or inferences.”’® The magnitude of biases can vary
and they can lead to either “underestimation or overestimation of the true intervention
effect.””°

3. Intervention delivery fidelity (fidelity) focuses mainly on the actions of the interventionist.
It encompasses the quality of intervention delivery or performance within the trial, and
reflects the correspondence of interventions delivered in the trial with the intervention
specified in the study protocol, or in accordance with study procedures, treatment
manuals, etc.

4. Treatment effect estimate: In this thesis, the term treatment effect will refer to the
estimated causal effect that the experimental intervention (independent variable) has on

the primary outcome (dependent variable) of the study.

Chapters II, lll, IV in this thesis focus mainly on fidelity and actions of the interventionists, while

chapter V focuses mainly on adherence and actions of the participants.
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General methods overview

The following subsection lists the primary aims and methods for each chapter.

Best-fit
framework
synthesis:

1. What does fidelity look like?
2. How will we construct it in this

1. Does poor fidelity bias RCT
effect

Meta-

epidemiological

study

The CONSIDER
fidelity

The ACL-SNNAP
trial

2. How much? 3. In what

Summary

1. What was accomplished?

2. What does it mean?
3. What does it add?
4. Strengths and limitations

W direction? W 5. What comes next?
o o o
[ cnapter2 ] ’ ﬁ !
Literature review Validation Study Fidelity in a
The CONSIDER elty an g
Intervention fidelity and complex fidelity 1. CONSIDER checklist: fidelity reatmont et pragmatic RCT

interventions: framework in complex intervention trial
papers.

1.Why does it matter?

2. Explanation, elaboration,

2. What are the evidence gaps?

scoring examples

3. What did this thesis do?
4. How?

3.. How reliable is the checklist?

4. Internal consistency?

Figure 1.3: Thesis flow diagram

Chapter I:

estimates
ACL-SNNAP trial

1. Fidelity and adherence in trial?
2. How does CONSIDER work
here?

Main aim: Describe the development of intervention fidelity in complex intervention research,

identifying the current state of knowledge and evidence gaps, and the context of this thesis.

Method: Literature review

Chapter II:

Main aims: To quantify and describe fidelity models, constructs, and definitions reported in

complex intervention literature and construct a comprehensive intervention fidelity model from

which to investigate intervention fidelity in this thesis. A second aim was to construct a

transparent, reliable fidelity checklist to allow transparent, reproducible assessment of
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intervention fidelity in RCTs of physical complex interventions for the meta-epidemiological
study in chapter 4.

Methods: Systematic review, Best-Fit Framework Synthesis, Thematic analysis.

Chapter lll:

Main aims: To assess the internal consistency and inter-rater reliability of the CONSIDER
checklist derived in Chapter 2 and gather participants’ experiences using the checklist to identify
items needing further development, based on user feedback.

Methods: Explanation and elaboration paper, and a reliability and pilot study with 16

participants each assessing three randomly selected papers with the CONSIDER checklist.

Chapter IV:

Main aims: To determine whether intervention fidelity influences the magnitude of treatment
effect estimates derived from RCTs of physical complex interventions and determine in which
direction treatment effect sizes are biased by poor intervention fidelity.

Methods: A systematic review and meta-epidemiological study intervention fidelity in meta-
analyses of controlled trials physiotherapy, occupational therapy, speech-language therapy,
exercise, and physical activity. By contrasting the results of trials with a characteristic of interest
with the results of trials with without that characteristic, the meta-epidemiological study

provided estimates of the average bias associated with poor intervention fidelity.”®°

Chapter V:
Main aims: To apply the CONSIDER framework in an ongoing pragmatic trial, the ACL Surgery

Necessity in Non Acute Patients (ACL SNNAP) study. This chapter investigates the framework’s
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feasibility and applicability in a contemporary pragmatic trial, describes the types of fidelity and
adherence the trial, including how fidelity violations influence interpretations of the trial’s
results, and gleans insights about the results of the meta-epidemiological study through the
experience of trial conduct and reporting in the ACL-SNNAP trial

Methods: Fidelity assessment, quantitative analyses, thematic analysis, and synthesis.

Chapter VI:
Main aims: To discuss the results and implications of the thesis, along with its strengths,

limitations, and future directions.

Appendices: Include search strategies and results, checklists, and screening results, and

supporting materials for chapters 2-6.
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Chapter Il: The CONSIDER Intervention Fidelity Framework for Complex Interventions: A “Best-

Fit” Framework Synthesis
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Chapter II:

Chapter Summary

In this chapter, a systematic review followed the ‘best-fit’ framework synthesis (BFFS) approach

to develop an empirically based, conceptual framework to guide investigation of intervention

fidelity and define key terms in this thesis. The resulting CONSIDER (COmplex iNterventions trialS

fIDElity fRamework) framework conceptualizes fidelity in terms of intervention and trial design,

delivery, and receipt, and recommends processes to support and monitor intervention fidelity in

clinical trials. An integrated definition for intervention fidelity in this thesis was also synthesised

and presented in this chapter.

$

Best-fit Meta-
framework epidemiological
synthesis: study

1. What does fidelity look like?
2. How will we construct it in this
thesis?

1. Does poor fidelity bias RCT
effect

Introduction

) Chopter 1

The CONSIDER
fidelity

2. How much? 3. In what
direction?

Summary

1. What was accomplished?

2. What does it mean?
3. What does it add?
4. Strengths and limitations
5. What comes next?

The ACL-SNNAP
trial

q—? © Q O 0]
) oy CEESTEN \.idot [ crapters lity i cmm
Literature review Validation Study Fidelity in a
The CONSIDER Fidelity and : B
Intervention fidelity and complex fidelity 1. CONSIDER checkllst: fidelity treatment effect pragmatic RCT scussion and
interventions: framework in complex intervention trial estimates
papers. ACL-SNNAP trial
1.Why does it matter?
2. Explanation, elaboration, 1. Fidelity and adherence in trial?
2. What are the evidence gaps? scoring examples
2. How does CONSIDER work
3. What did this thesis do? 3.. How reliable is the checklist? here?
4. How? 4. Internal consistency?
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BACKGROUND

A variety of frameworks have been developed to understand and monitor intervention fidelity in
clinical trials, but these vary in content and focus. There is also little consensus on how best to
define intervention fidelity or categorize its key components, further complicating efforts to
enhance or monitor intervention fdielity.!0:1140.105228 Those who develop, implement and study
complex interventions have no common language by which they can make assessments and

develop robust methods to support intervention fidelity.10:40.63.117

Updates to the CONSORT#® reporting guidelines (2010), The Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT)?® statement (2013), Template for
Intervention Description and Replication (TIDieR) Checklist*>° (2014), and the Consensus on
Exercise Reporting Template (CERT)*! (2016) were developed to improve intervention reporting
and include items related to fidelity. However, they provide limited guidance for reporting
strategies to maintain participants adherence to their assigned intervention or document
modifications to intervention allocation, and no guidance on strategies to monitor or support the
quality of intervention delivery. These checklists also only provide guidance on what should be
reported and were not intended to offer researchers a practical guide on how to approach
intervention fidelity in study design or conduct.'*® What was not done in a trial cannot be

reported.

Treatment effects observed in trials will not be reproducible unless well-described procedures

facilitate and maintain intervention fidelity in clinical trials.1®22%222 pyblished fidelity frameworks
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have been developed for use in behavioural medicine, public health and education, but
evidence-based guidance for fidelity monitoring in clinical trials of physical complex interventions
such as surgery, physiotherapy, and rehabilitation is rare.*%4>63219 A comprehensive fidelity
framework for clinical trials in domains involving physical complex interventions, such as
physiotherapy and rehabilitation (physical medicine and rehabilitation, broadly defined) was

needed as a framework from which to investigate intervention fidelity in this thesis.

A conceptual intervention fidelity framework is made up of a set of guidelines or
recommendations detailing a combination of strategies and methods to assess, enhance and
evaluate intervention fidelity at different stages of an intervention’s implementation during a
clinical trial.??° In this chapter, the development of the COmplex iNterventions trialS fIDElity
fRamework (CONSIDER) framework, a conceptual framework for intervention fidelity in clinical
trials of complex interventions in the physical domain, is described. Further development of this
framework through broader input from a wider range of stakeholders could support the design

and conduct of more robust complex intervention clinical trials. +117:220

Objectives

1. To provide a description of fidelity constructs, models, frameworks reporting the delivery of
complex interventions in controlled trials in physical domains of health care: physiotherapy,
surgery, physical medicine, rehabilitation, occupational therapy, speech and language therapy,

exercise, and physical activity promotion.
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2. To conduct a best-fit framework synthesis of fidelity constructs to inform a conceptual fidelity
framework from which to investigate fidelity in trials of complex interventions in physical
domains in this thesis.

3. To produce an integrated, empirically based definition of intervention fidelity for use in this

thesis.

METHODS

Reporting standards

The systematic review and framework analysis are reported along the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) 239 and ENhancing Transparency in

REporting the synthesis of Qualitative research (ENTREQ) statement guidelines.?3!

Registration

The protocol was registered on PROSPERO,?*?

(https://www.crd.york.ac.uk/prospero/display record.php?ID=CRD42019135957) following the

Preferred Reporting Items for Systematic Reviews and Meta-Analyses for Protocols (PRISMA-P)

guidelines.?3¢

Systematic Review Design

The review followed a Best-fit Framework Synthesis (BFFS) approach to develop a
comprehensive fidelity framework based on existing evidence (Fig. 2.1).23® Best-fit framework

syntheses use initially-identified conceptual models found in published literature to serve as a
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platform from which a new framework can be developed through thematic synthesis of evidence
from empirical studies.?33723¢ The approach is augmentative and deductive, building iteratively
on the existing models.?3® We chose to create a new intervention fidelity framework though BFFS
as, to the best of our knowledge, no intervention fidelity frameworks had previously been

developed to guide fidelity in clinical trials of complex interventions in the physical domain.

Very detailed academic methodology was needed to construct the framework (part one). To
enable it to be useful, it also had to be distilled into useful portions, headings, and silos that can

be easily illustrated and recalled. The review is therefore divided into two stages (figure 2.1).

How often? What does fidelity
How defined? ——> look like in complex
Which frameworks? interventions?
Stage 1 Systematic searches
Review of fidelity in commercial and grey
complex interventions literature
l Refine the New Fidelity
Stage 2 Form an a priori best-fit
Best-fit Framework fidelity framework from
Synthesis review
What fits?
What does How can we use
literature
support? Next steps?

Figure 2.1: Stages of the review and best-fit framework synthesis

Stage 1: Create the platform (“Best-fit” framework) on which to build the new framework

Once the research question or aim was determined, the creation of the a priori, best-fit
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framework (a platform from which to build a new framework) was conducted in parallel with
systematic searches for papers to be included in the review and synthesis . These two “strands”

then joined at the framework synthesis stage (stage 2).

Stage 2: Build on the platform with empirical evidence to make a new framework

In stage 2, fidelity frameworks, theories, models and concepts identified in stage 1 were
thematically synthesized and reciprocally translated through BFFS (figure 2.2) 23323% to develop
an integrated, conceptual fidelity framework for complex interventions in the physical domain.

This new framework can subsequently be honed and validated in future empirical research.

Stage |: Systematic review

Search Strategy

As we were searching for theoretical frameworks, the search strategy was informed by the
BeHEMoth (Behaviour of interest, health context, exclusions, and models or theories)

method 234,237 235

Be: Treatment or intervention fidelity, adherence, integrity, compliance, concordance,
implementation, and related concepts.

H: Complex interventions in the physical domain in healthcare: physiotherapy, occupational
therapy, speech-language therapy, exercise or physical activity interventions, surgery.

E: Statistical or economic models, models of care. Non-healthcare interventions.

MoTh: Model, theory, theories, framework, concept, conceptual, construct or strategy.
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Keywords and MeSH terms related to fidelity (table 2.1) were used in Pubmed, Embase, CINHAL,
Scopus and Google Scholar (appendix Il figure 2.1). PROSPERO was searched for ongoing or
recently completed systematic reviews. Searches were limited to papers published from 2005, a
year after the publication of the NIH Behaviour Change Consortium (NIH BCC) recommendations
for conceptualizing and enhancing treatment fidelity.**3 No language limits were imposed on
searches. To optimize coverage and ensure literature saturation, grey literature searching was
conducted on Scopus, Google Scholar, and PROSPERO. Grey literature includes a wide range of
data sources not typically captured in searches for commercially published literature, including

clinical trial and protocol registers such as clinicaltrials.gov?®

, conference proceedings,
government reports, not-for-profit or non-governmental agency reports, international bodies’
reports or position papers (e.g., the World Health Organisation).?3® The reference lists of

included papers were also searched for additional papers. Study protocols or trial registrations

were also searched for and reviewed when they were available.

Fidelity: Key words and related terms

Treatment, intervention, procedure, trial, according, adherence, agree, agreement, conceptual, concordance,
consistent, compliance, delivery, delivered, directions, enactment, evaluation, fidelity, framework,
implementation, Indicators, integrity, intended, instructions, manual, manualized, model, monitored, monitoring,

process, protocol, similar, similarity, specified, standard, strategy

Table 2.1: Fidelity keywords and related terms

Inclusion criteria

The aim of the systematic review was to identify as many relevant studies as possible and reduce

the risk of missing potentially eligible studies, maximizing sensitivity rather than precision.
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Eligible papers were complex interventions empirical research, review, or theoretical papers
including terms related to fidelity anywhere in the paper, either as a main focus or component

(for example, as an analysis within a trial or process evaluation).

Exclusion criteria

Papers not describing fidelity, or a related term, were excluded (table 2.1). Papers investigating
fidelity outside of complex interventions in the physical domain in healthcare were ineligible.
These included papers for public-health interventions, such as smoking cessation or reproductive
health interventions, interventions in education, such as reading proficiency, or in psychology,

such as interventions for compulsive behaviour or depression.

Study selection

Potentially relevant citations, their abstracts and full-texts were screened against the review’s
inclusion-exclusion criteria independently by the first author (AP) and a second author (DH).
Disagreements were resolved by consensus. As the BFFS aimed for conceptual saturation and
generalizability, rather than statistical generalizability, we aimed for study selection that was
purposive rather than exhaustive.?4%?41 A criterion-sampling approach to purposive sampling was

used to select papers from the systematic review for framework synthesis.?#242

Data Collection and Extraction Process

Citations, abstracts, and full text articles were managed digitally with Mendeley. A tailored,
electronic data extraction form was created and calibrated for this review. We extracted papers’

bibliographic information, field, professional discipline or context, study design or paper format
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(e.g., methodological paper), descriptions or definitions of fidelity, fidelity monitoring or support

methods, and fidelity model or framework if reported (Appendix Il table 2.1).

Quality assessment

Little consensus exists for the feasibility and utility of quality assessment in framework analysis
or qualitative synthesis.?** As this systematic review sought to synthesize fidelity frameworks and
models, rather than the outcomes or effects of processes or procedures in empirical work, no

quality assessment of papers was performed in this review.

Data Synthesis

Objective 1: The results of the systematic review were described narratively and with simple
descriptive statistics. No quantitative synthesis was undertaken.
Objective 2: Fidelity models or frameworks selected through purposive sampling were

thematically synthesized with NVivo12 software.?33236

Stage II. Build on the platform to make a new framework (Best-Fit Framework Synthesis)
With the results of the systematic review, the “Best-fit Framework Synthesis (BFFS) 233236”
method was used following a series of predetermined steps (Figure 2.2).24* As an overview, once
an initial “platform” best-fit framework was constructed, fidelity data (fidelity descriptions,
definitions, monitoring and enhancement) extracted from papers identified in the systematic

review was thematically analysed and coded against the best-fit framework to expand or reduce

it with the data to creating a new fidelity framework.233-236
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Thematic analysis followed the guidance and recommended steps of Saldana’s (2016) Coding
Manual for Qualitative Researchers, and the Streamlined Codes-to Theory Model for qualitative
inquiry.?*® First-cycle coding followed a descriptive (topic) coding method, generating a
categorized inventory of codes identified and themed through careful reading and reflection on
the data.?*® In second-cycle coding, pattern coding was used to reanalyse and reconfigure the
first-cycle codes categorically, thematically, and conceptually into a smaller number of themes
(pattern codes) to develop an understanding of the corpus of data and relationships between its
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components.

Identify research question or area of interest for the
framework analysis:

Intervention fidelity models, constructs, or frameworks in
clinical trials of complex interventions in healthcare.

a. Systematically identify relevant primary research
studies or papers.

b. Identify relevant ("best fit") fidelity frameworks,
conceptual models or theories.

a. Extract data on fidelity frameworks, models, or theories
and study characteristics from included papers.

b. Use thematic analysis to generate the a priori "best-fit"
framework from the identified publications

fit fidelity framework.

create new themes for any data that cannot be coded

Code data from included papers against the a priori best- r
against the framework. r

Refine the framework:
5 Perform secondary thematic analysis and synthesis to

Produce new best-fit fidelity framework composed of a
priori and new themes supported by the data.

Complex Interventions Design, Delivery, Receipt
(CONSIDER) Framework

Revisit the data to explore relationships between themes
or conceots.

Figure 2.2: Best-Fit Framework Analysis’ Steps: Adapted from Booth, et al, 201424
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Best-fit framework: steps

Step 1: Identify the review question or aim.
Aim: to synthesize a conceptual framework for intervention fidelity in clinical trials of complex

interventions in the physical domain (physiotherapy, surgery, rehabilitation).

Step 2: Systematically identify relevant research and “best-fit” frameworks, models, or
theories.

Comprehensive, systematic searches were conducted to identify as many relevant publications
addressing the question as was feasible (Stage 1). In a parallel process, these papers were

reviewed to identify a best-fit “platform” fidelity models (Step 2b).?4

Step 3: Generate the a priori framework from identified publications through thematic analysis.
This a priori “best-fit” framework serves as a platform or starting point that will be built on with

fidelity data from eligible papers to synthesise a new fidelity framework in the next steps.

Step 4: Code evidence from included studies against the best-fit framework.

Once the BFF was constructed, passages describing fidelity in eligible papers were extracted as
direct quotations and imported into in NViviol2. These quotations were systematically reviewed
against the fidelity concepts categorised in the BFF, feeding them into the BFF theme they best
represented.?*® This “thematic coding” was performed and critically reviewed by two reviewers

(AP and DH) and any discrepancies or disagreements were resolved by consensus.
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Step 5: Create new themes.

When fidelity data from the extracted quotations did not translate well into any of the BFF
concepts (themes) or were applicable to more than one, new themes were created through
interpretive, inductive secondary thematic analysis?33%4° and reciprocal translation (Step 5).2>°
The criterion for forming a theme was that at least two quotations addressing the same concept
were identified, and they did not correspond to an existing fidelity theme. The BFF was
expanded upon, reduced, or added to iteratively as successive studies were analysed and data

was coded, ultimately creating a revised fidelity framework (Step 6).233236:251

Step 6: Produce a new framework composed of a priori and new themes.

Consensus was sought among the reviewers (authors) on which of the BFF fidelity themes were
supported, and whether quotations extracted from eligible papers mapped onto a pre-existing
theme, or themes mapped onto each other (could be collapsed) through reciprocal translation.
This, and steps 4-5 resulted in a new framework, included some fidelity themes from the BFF and

new themes derived from fidelity data extracted from the results of the systematic review.

Step 7: Revisit evidence to explore the relationship between fidelity themes or concepts.
The resulting finalized list of fidelity themes was used to create a new, integrated fidelity
framework for physical complex interventions. An interpretation of the content of the fidelity

themes, and relationships between them, is presented in the results section.
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RESULTS

Systematic Review

Searches produced 2857 records, 361 of which were screened for eligibility by full text (figure
2.3). Of these, 269 met inclusion criteria in the systematic review. One hundred forty-one papers
defined or described fidelity, fidelity components or a fidelity framework, meeting criteria for

informing the framework synthesis.
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Identification of studies via databases and registers

Identification

Screening

Records identified from:
Pubmed (1185)
Embase (721)
Scopus (653)
CINHAL (245)
Prospero (53)
Total: 2857

Records removed before
screening:

Unable to access abstract
(24)

!

Records screened by title
abstract (2857)

Records excluded (2188)
did not meet eligibility criteria

!

Reports sought for retrieval
(669)

!

Duplicates removed: 308
Reports not retrieved:

©)

Reports assessed for eligibility
by full-text 361
(361)

!

Studies included in systematic
review:
(269)

Studies included in the
qualitative synthesis/BFFS
(141)

Reports excluded: n= 92

Fidelity not sufficiently
described: 54

Not complex int. in physical
domain: 29

Conference abstract-oral: 5
Unable to obtain 4

Figure 2.3: PRISMA flow chart
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OBIJECTIVE 1: Fidelity in complex interventions

The greatest number of eligible papers (73) came from physiotherapy literature (table 2.2). The
least represented specialty was surgery, with 16 papers, including three randomised controlled
trials (RCTs) of a surgical procedure?>>=2>4, two surgical trial protocols?>>2°®, one pilot 2°’, three
trials of peri-operative surgical care or procedures?*2¢0, two systematic reviews of
methodological reporting in surgical placebo-controlled trials®®?%!, two guidelines on the conduct

of surgical trials'®?’, two methodological papers?®1?%?, and one set of reporting standards.®?

Clinical discipline Eligible Study design or type of paper Eligible
papers papers
Physical Therapy 73 Protocol paper 51
Physical activity interventions 66 Randomized, parallel group trials 47
Rehabilitation (multidisciplinary) | 37 Feasibility studies and trials 35
Occupational Therapy 35 Fidelity/Implementation studies, process 33
evaluations
Speech Language Pathology 25 Literature or narrative reviews 28
Cardiopulmonary Rehabilitation 17 Methodological papers 27
Surgery and surgical care 16 Systematic reviews and Meta-Analyses 23
Case and pilot studies 19
Uncontrolled studies 6
Total 269 Total 269

Table 2.2: Included studies according to discipline and study design/type

OBIJECTIVE 2: A best-fit framework synthesis
BFFS Steps 1-3: Fidelity frameworks:

Steps 1-2b identified 28 fidelity frameworks or constructs across 108 papers. The two most
frequently cited or applied fidelity frameworks were the National Institutes of Health Behaviour

Change Consortium (NIH-BCC) Comprehensive Treatment Fidelity Framework®® as described by
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133 or Borelli*® (60 papers cited or applied), and the Comprehensive Intervention Fidelity

Bellg
Guide developed by Gearing®® (23 papers cited or applied (table 2.3). The next most cited (19
papers) was the Implementation Fidelity Framework by Carroll et al (2007)2. The NIH-BCC and
Gearing frameworks were thematically analysed to identify commonalities and differences
between them and generate fidelity themes supported with examples extracted from the
original paper (Table 2.3). These themes generated the best-fit framework (BFF) that served as a

starting point, or platform, from which to build a new fidelity framework with fidelity data

extracted from eligible papers (Step 4).233236.244,251

The BFF was comprised of five fidelity themes (table 2.3).%3 Each theme was supported with a
definition and supporting exemplars from the original papers. Fidelity data extracted from
eligible papers was later coded against these themes in step 4.233 The resulting BFF described
fidelity on both a theoretical and an operational level (table 2.4).6 The theoretical level
addresses construct fidelity, or interventions’ faithfulness to their underlying theoretical basis.

Similar to Meehl and Cronbach’s?3

concept of “construct validity,” encompassing relations
between hypothesized entities and processes and observed effects, the theoretical level
encompasses interventions’ design, proposed mechanisms of action, and their relation to the
interventions’ core effects.*92%4 The operational level encompasses interventions’ fidelity in
terms of the quality of intervention delivery, receipt (dosage) of interventions, participant

engagement, and participant enactment, or whether participants apply intervention skills in their

daily lives outside of treatment sessions.*°
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NIH-BCC Comprehensive Themes for Best-fit framework (sample sources)
Comprehensive Fidelity Guide by and exemplar text

Fidelity Gearing et al,

Framework® 201140

Study design Intervention design Intervention and study design?.12,268-271,40,51,67,153,181,265-267

Does study Intervention’s Treatment theory and mechanism of action, identification of active

adequately test its
hypotheses in
relation to underlying
theoretical and
clinical processes?
Are interventions’
active ingredients
fully operationalized?

framework and
elements essential to
the design of a trial,
its evaluation or
replication. Includes a
programme model,
treatment manual.

ingredients, differentiation from control or comparator interventions.

Identification of elements of the design of the trial investigating the
intervention, including the trial’s programme model and development
of study procedures and/or treatment manuals.

Exemplars

1. “Conceptualization of a theoretical framework underpinnings
treatment allows the key components that underlie the intervention
to be measured and reported.181”

2. “Active ingredients: These active ingredients may be based largely
on theory, or they may be based on empirical evidence. Active
ingredients most typically include specific treatment targets, the
therapeutic techniques, and the requirements for dosage (e.g., highly
concentrated exposures several times per week). In combination, the
active ingredients describe how and why the intervention brings about
predicted outcomes.266”

3. “To achieve treatment fidelity, both the degree of integrity and
differentiation are critical. Treatment differentiation requires that the
experimental intervention and the intervention comprising the control
condition differ in the intended manner. Treatment differentiation is
determined by trial design and defined a priori by the
investigators.267”

4. “Study design focuses on the methodological processes that ensure
the study adequately assesses the proposed hypotheses in relation to
a theoretical framework.272”

Provider Training

Is there standardizing
training between
providers, ensuring
providers are trained
to criterion, and is
there monitoring and
maintaining of
provider skills over
time?

Intervention training

Intervention fidelity
requires adequate
training and
supervision of
interventionists.
Training elements
include interventionist
differences, such as
levels of skills,
education,
experience, and
implementation
styles.

Interventionist
trainingZ,lZ,67,153,172,213,271,273,274

Interventionists’ training and skill with delivering the intervention
during the clinical trial, and their competence to deliver the
intervention.

Exemplars

1. “Treatment fidelity related to the training of interventionists
assures that those implementing the intervention were adequately
prepared to do so and implemented all aspects of the treatment as
intended.?73”

2. “A specific intervention cannot be delivered until those delivering it
have learned to do so in a standardized way.27>”

3. “Thus, a team that has multiple protocol violations would be said to
have low training fidelity, which would increase variability with which
the protocol is administered.?3”

Treatment Delivery

Intervention delivery

Intervention delivery
2,12,181,182,194,195,213,253,258,266,271,272,36,273,276-284,40,285-294,46,295—

304,48,305,52,109,143,153
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Is there
differentiation
(providers only
deliver the target
treatment and not
other treatments),
treatment
competency
(providers maintain
skills learned in
training) and
treatment adherence
(delivery of treatment
components as
intended)?

Adherence to and
integrity of treatment.
Measures may include
frequency counts,
logs, records of how
many times a
behaviour or
technique occur.
Includes whether
prescribed behaviours
have taken place,
dose of programme
content delivered to
and received by
participant.

Closeness of the intervention delivered in the trial to the intervention
in the study protocol, or the quality of intervention delivery during the
trial. This includes any tailoring or adaptation of the intervention,
whether pre-conceived and defined, or ad hoc, that takes place during
the clinical trial.

Exemplars

1. “Compliance with the New Start intervention will be monitored
throughout the trial via observations and regular collection of activity
records to assess adherence, to understand whether the facilitators
deliver the intervention in accordance with training and ‘as
intended’.276”

2. “Treatment fidelity pertaining to treatment delivery includes
ensuring that the content and dose are consistent as well as
adherence to the manual.27?”

3. “In what ways, if any, did the teachers amend the programme?
What were the reasons for any amendments?277

4. “Surgeons were allowed to apply their own techniques within
limitations of the protocol.”253

Treatment Receipt

Was the treatment
delivered to the
participant actually
“received,” or
understood
accurately by
participants? Did

Intervention receipt

Elements that focus
on whether
participants received
the treatment, and
whether essential
elements were
provided in the

Intervention Receipt!43272,301,305-310

Trial participants’ exposure to the intervention and its active
ingredients, or dosage received, their understanding of the
intervention or skills, and whether they can perform the intervention
related skills during the trial.

“Receipt relates to skill use in the intervention setting (e.g., learning
goal-setting), and enactment relates to skill use outside the

participants treatment. intervention (e.g., planning for PA sessions).311”

demonstrate

knowledge of, and Exemplars

ability to use, the 1. “whether the treatment that was delivered to the participant was

skills or actually “received” by the participant.396

recommendations 2. “Receipt of treatment focuses on exposure of the participant to the

learned in treatment. intervention and their ability to understand the skills and perform
the treatment-related behaviour skills during treatment delivery.301”
3. “Dose is either defined as ‘dose delivered’, i.e. the number of
components of the intervention delivered, or as ‘dose received’, i.e.
the extent to which the participants used the components of the
intervention as intended.307,308”

Treatment n/a Participant enactment of treatment skills2.40.44,51,52,182,272,305,312

Enactment Participants’ implement the skills in daily life, or real-word settings.

Can participants
perform treatment
related behavioural
skills and cognitive
strategies in relevant
real-life settings? Are
skills implemented in
appropriate situations
and time to have the
intended effect on
clinical and research
outcomes?

Exemplars

1. “Enactment of treatment skills assesses the participants” ability to
perform the intervention skill in real-world settings?>2

2. “Enactment assessment and monitoring of participant behaviour
outside of the intervention.272”

3. “Treatment enactment, which has to do with whether the
participant actually uses the learned strategies in day-to-day life, is
more challenging to measure but could be ascertained using self-
report and proxy report instruments given at some point after the
trial.44”
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Table 2.3: NIH-BCC, Gearing’s Comprehensive Intervention Fidelity Guide Fidelity, and Best-fit framework

Frameworks

BFFS Step 4: Coding of the data

The first review of fidelity data (quotations) extracted from eligible papers a resulted in 14
fidelity concepts derived from fidelity definitions, descriptions, components, or processes
supporting, maintaining, or monitoring fidelity (table 2.4). These were then collapsed through
thematic analysis into overarching fidelity themes, supported by exemplars (direct quotations)

from included papers, and fed into the BFF framework in the steps 5 and 6.

BFFS Steps 5 and 6: Thematic analysis and synthesis

Some fidelity themes created in step 4 were collapsed into each other and into an existing BFF

” s

category (table 2.4). For example, themes for “intervention design,” “intervention

Zax Zax

differentiation,” “study design,” “study protocol,” and “development of study manuals or
guidance materials” were collapsed into the BFF’s “intervention and study design” theme. This
theme includes elements related to the design of both an intervention and the study assessing

its effects.

Similarly, themes for “participant engagement with interventions” and “participant enactment of
intervention skills” were collapsed into the BFF’s “participants enactment of treatment skills
(table 2.4).” Engagement has been described as an umbrella term that includes both skill

enactment and intervention acceptability.'33142311 Reviewing quotations supporting both
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enactment and engagement, enactment was often used synonymously with participant
engagement to describe a range of behaviours and perspectives influencing how participants

interact with therapeutic interventions.3*3

Secondary thematic analysis and synthesis of the BFF themes and supporting quotations
(exemplars) was undertaken to refine the framework further. The “intervention and study
design” and “interventionist training” themes were expanded based on exemplars emphasizing
the need to include interventionist training strategies and skill monitoring in the design phase of
a trial and monitor drift of provider skills during intervention delivery(table 2.4). Similarly, the
“tailoring and adaptation” BFF theme was expanded to accommodate differentiation of
allowable interventions tailoring or adaptation prespecified in a study protocol from unintended

modifications made to interventions during a trial.2e0314

After secondary thematic analysis and discussion among researcher-reviewers, fidelity data
extracted from the included studies supported all but one concept in the best-fit framework.
Enactment was removed from the finalised fidelity framework. Enactment was the least
frequently addressed component of intervention fidelity in studies assessing the reporting of
intervention fidelity in physical complex intervention literature.t’%*’2%81 Thirty-one of 36 papers
enactment as a component of fidelity described it encompassing participants’ behaviour outside
of the clinical trial or intervention, differentiating it from receipt, or participants’ use of

intervention skills during the intervention itself,39:40,226:311,315
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A trial participant may receive a treatment delivered with perfect fidelity, and yet be unwilling or
unable to apply it in daily life.>3!! This may be influenced by a variety of factors not related to the
degree of fidelity with which the intervention was delivered during the trial, such as participants
forgetting to do it, lacking a suitable setting, not seeing the intervention as being relevant to
them, or losing interest in the intervention.?>! Enactment may reflect intervention acceptability,
or participants’ affective attitude or responses to the intervention, rather than the fidelity with
which it was administered in the trial.3'*3® Enactment may relate to treatment effectiveness in
influencing participants’ behaviour, rather than the fidelity with which treatments were

delivered during a trial. 1240317318

While it is possible to ascertain if participants or their caregivers have understood what an
intervention is meant to achieve or can perform intervention activities in the trial (both aspects
captured in Receipt), participant enactment during trials may not be measurable if an
intervention does not involve participants learning a set of measurable skills.31%:320
Measurement of enactment may also be impractical due to difficulty defining what it constitutes
and how to capture and analyse data for it.#92%¢ |t is also unclear how enactment differs from
other concepts describing participant behaviours frequently used in rehabilitation literature,
such as participant engagement or equipoise.**314? Consequently, treatment enactment was
removed from our model of clinical trial intervention fidelity. The remaining fidelity themes

formed the new fidelity framework, described in step 7.
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Fidelity Fidelity themes created through Best-fit framework New concepts or Final fidelity
concepts thematic analysis and an theme that served as a fidelity themes themes forming
derived exemplar. platform against which to | created through the new

from consider the fidelity secondary framework and its
eligible themes. analyses and key points
papers and reciprocal

number of translation

quotations

(n)

Intervention | Intervention design Intervention and study Design: The core
design (32) design?212,268- elements of the

Intervention
specificatio
n
(interventio
n details)
(27)

“Defining the active ingredients:
using theory or past research to
delineate the intervention’s active
ingredients in clear operational
terms, which should be guided by
beliefs explaining why they should
be successful.321”

“Conceptualization of a theoretical
framework underpinning a
treatment allows the key
components that underlie the
intervention to be measured and
reported.181”

“A protocol review group should
ensure that the intervention
reflects the theoretical model or
hypothesis.>2”

271,40,51,67,153,181,265-267

Treatment theory and
mechanism of action,
identification of active
ingredients, differentiation
from control or
comparator interventions.

Identification of elements
of the design of the trial
investigating the
intervention, including the
trial’s programme model
and development of study
procedures and/or
treatment manuals.

intervention and
the protocol for
the clinical trial to
evaluate its
efficacy or
effectiveness.

Detailed
description of the
intervention:
Describes what
intervention
procedures,
processes, or
activities providers
carry out.
Describes what
the experimental
intervention(s)

looks like,
includes, or how
performed.
Intervention | Intervention differentiation Intervention and study Design
differentiati design
on: “Treatment differentiation requires
experiment | that the experimental intervention
alvs and the intervention comprising
control, the control condition differ in the
comparison, | intended manner.267”
or other
intervention | “Finally, program differentiation
s (26) refers to how the intervention
being delivered is different and
distinguishable from other
interventions.143”
“treatment differentiation, that is,
ensuring that the experimental
intervention condition differs from
a control condition (i.e., showing
much higher adherence and
competence to the treatment
model).194”
Study Study design Intervention and study Interventionist Design:
protocol or design training needs to The elements of a
design of “Treatment fidelity practices be built into the study protocol to

the trial (36)

relating to design ensure that a

design of the trial.

test the efficacy or
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study adequately tests its
hypothesis in relation to its
underlying theoretical and clinical
processes306”

“Study design should be based
upon a theoretical model or
hypothesis and all objective
measures should reflect this.>2“

“Fidelity practices related to study
design help investigators

discern whether the study will
adequately achieve

the aims and test the hypotheses
that have been set forth.23”

46,52,174,181,278,296,297,

322

“Identify key
elements of
provider briefing
regarding conduct
of trial. Develop
trainer materials,
quality standards
and minimum
experience
levels322”

“Identify key
elements of
provider briefing
regarding conduct
of trial. Develop
trainer materials,
quality standards
and minimum

effectiveness of an
intervention are
clearly described
to ensure fidelity.

Includes a provider
training plan: How
providers will
become proficient
with
intervention/study
procedures to
support fidelity.

experience
levels322”
Intervention | Development of study manuals or | Intervention and study Design: Describes
or study guidance materials design physical or
manuals or informational
guidance “The content, frequency, duration “The manual of materials or
for and quality of the intervention can procedures (MOP; methods used to
providers be delivered as set out in the described later in train intervention
(22) intervention delivery manual.323” this article) is a carefully providers in study
constructed book that methods or
“To ensure the same treatment details the operating intervention
within condition a detailed procedures for the study delivery, or to
treatment manual and a treatment | and procedures for train or help
protocol/ checklist is used for each | training personnel in the participants in
patient separately manual has also | administration of outcome carrying out
been developed to guarantee that measures and intervention
the treatment will be unchanged interventions. For activities. E.g.:
during the course of the study.324” example, our MOPs Intervention
detail the ways in which manuals, videos or
“development of a treatment each assessment will be instructional aids,
manual that includes information administered, exercise sheets,
about treatment dose (length and including the point at etc.
number of contacts) and the which it is given, by whom,
specific content of each contact, in what environment, and
standardization of therapist using which equipment.23”
training, monitoring of the
intervention with fidelity checklists,
and inclusion of strategies to
measure the client’s
comprehension and enactment of
the intervention principles
addressed.325”
Specificatio | Study protocol Intervention and study Design
n of trial design
procedures | “Study design: was the guideline or
to evaluate protocol used to guide the study
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intervention
(17)

published and was it clearly

identified? were standardized or
validated tools used to measure
patient reported outcomes?290”

“The degree to which a therapist
implements an intervention under
research conditions (treatment
fidelity) is dependent upon the
extent and operationalization of
the intervention and skill level of
the therapist.174”

Intervention
ist training
with
intervention
or trial
procedures
(56)

Interventionist training

“Training was designed to ensure
satisfactory delivery of the
intervention to study participants.
Trainings were tailored to account
for different backgrounds and past
training experiences of the
FHPs.272”

“Provider training: strategies that
address preparation for uniform
delivery of treatment by
providers/coaches. Standardized
training ensures that training is
conducted similarly for all
providers. Another goal of provider
training is minimizing drift in
provider skills.”

“The PIPT program was designed to
promote treatment fidelity by
providing quality training that
impacted key provider factors and
that could be replicated. Thus, we
incorporated quality improvement
strategies and measures (physical
therapist attitudes, beliefs and
confidence ) to enhance treatment
quality and the impact of
training.326”

Interventionist
trainingz,12,67,153,172,213,271,2

73,274

Interventionists’ training
and skill with delivering
the intervention during
the clinical trial, and their
competence to deliver the
intervention.

Interventionist
training and skill
maintenance
needed

throughout trial.
46,52,174,181,278,296,297,

322

“Fidelity of
treatment delivery
focuses on
ensuring the
intervention is
delivered as
intended. Many of
the concerns
within delivery of
treatment overlap
with strategies for
training and study
design, including
controlling for
provider
differences?78”

“Provider training
attempts to
standardize the
treatment protocol
and minimize its
fluctuation by
assessing
knowledge during
and post-
treatment.>?”

Design and
Delivery

Describes provider
qualifications,
background,
expertise, and any
training given in
the intervention or
study procedures
as part of the trial.
Also includes any
strategies to
monitor drift in
provider skills with
the intervention
during the trial.

Intervention
ist
competence
or
characterist
ics (44)

Provider competence

“Intervention fidelity also requires
that the appropriate background
and experience level of the study
therapists is identified and
ensured.t74”

“accurate delivery is highly
dependent on the skill, experience,

Interventionist
training

Build in methods
to prevent
interventionist
skill drift.

46,52,174,181,278,296,297,
322

“Provider Training
involves
standardizing

Design and
Delivery
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and knowledge of the
interventionist.267”

“a specific intervention cannot be
delivered until those delivering it
have learned todo soina
standardized way.27>”

training between
providers and
ensuring they are
trained to clear
criteria and
monitored over
time.46”

Intervention | Intervention integrity (fidelity) Intervention delivery Delivery (fidelity) Delivery
fldellty, 2,12,181,182,194,195,213,253,258,266, refers to actions
Integrity, or | “Treatment fidelity pertaining to 271,272,36,273,276-284,40,285~ of the Describes
quality of treatment delivery includes 204,46,295-304,48,305,52,109,143,153 | nterventionist strategies planned
treatment ensuring that the content and dose or used to
delivery are consistent as well as adherence | Closeness of the “Delivery: monitor, maintain,
(103) to the manual.272” intervention delivered in intervention is or improve
the trial to the delivered as intervention
“The intervention was intervention in the study intended. It refers compliance
implemented with all the planned protocol, or the quality of | mainly to actions of | (treatments
components. ...the treatment dose | intervention delivery the delivered or
was equivalent and within the during the trial. This interventionist.39%%” | performed as
stipulated range within and across includes any tailoring or intended in study
conditions.327” adaptation of the “Treatment protocol) or the
intervention, whether pre- | fidelity related to quality of
“Treatment fidelity has four conceived and defined, or | delivery of intervention
components. Integrity: was the ad hoc, that takes place treatment delivery. May
treatment delivered as intended? during the clinical trial. considers that the include terms such
Another domain of treatment interventionist as treatment or
fidelity, integrity (how consistently delivers the intervention
the information was intervention as fidelity, integrity,
delivered)...280” intended.301” compliance, per
protocol.
“Ensuring fidelity through “The degree to
treatment delivery is focused on which a therapist Describes how
processes that ensure the implements an these are
treatment is delivered as designed intervention under | monitored.
and focus on standardizing and research Example: fidelity
improving delivery as well as conditions checklists, audit of
assessing adherence.305” (treatment session notes,
fidelity).174” video or audio
recording of
intervention
sessions,
supervision during
intervention,
participant logs,
diaries,
worksheets, etc.
Tailoring Tailoring, adaptation, Intervention delivery Allowable tailoring | Design:
and modifications or adaptation of If intervention was
adaptation interventions planned to be, or
of “In what ways, if any, did the prespecified, in allowed to be,

intervention
sto
individuals
or settings
(14)

teachers amend the programme?
What were the reasons for any
amendments?277”

“The standard elements of the
treatment were then tailored, such
that each participant’s clinical

protocol or vs
unintended
modification
during trial

“In order to
accurately evaluate

personalised,
titrated or adapted
during the trial:
why, when, or how
this was to be
done. What
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presentation (e.g., strength, pain
severity, swelling) as well as the
presence of co-morbidities (e.g.,
back and hip pain or pathology)
were taken into consideration, and
exercises were chosen and
progressed by the physiotherapist
based on each participant’s
response to exercise load.”328

“Some specifications of
interventions allow

for local adaptation. Even if they do
not explicitly do this, local
adaptations may be made to
improve the fit of the intervention
within the local context.?”

fidelity of both the
interventional
bundle and
implementation
process it will be
important to
distinguish
between non-
compliance and
purposive
adaptations.260”

“At the design
level, adaptability
is often essential in
ensuring that
interventions can
fit within different
contexts.259”

“interveners were
expected to adhere
to a set of
theoretically
grounded,
overarching
principles related
to pressure ulcer
risk when tailoring
the sessions to be
participant- and
situation-
specific.314”

adaptations may
be made?

Delivery:

What
modifications are
were made to the
intervention
delivered in the
trial? Was the
intervention
modified during
the trial, or were
deviations from
protocol reported,
including changes
to interventions,
unintended
participant cross-
over between
groups/interventio
ns?

Participant
exposure to
intervention
(51)

Intervention receipt

“Exposure refers to the number,
length, or frequency of
intervention sessions or the
frequency with which intervention
techniques are implemented.143”

“Exposure refers to the extent to
which the participant is in contact
with the intervention’s content.
Exposure is often documented as
the number of intervention
sessions attended and duration of
each session.®3”

Treatment fidelity of

receipt of treatment focuses on
exposure of the participant to the
intervention and their ability to
understand the skills and perform
the treatment-related behaviour
skills during treatment delivery
“Processes of treatment receipt
involve monitoring and optimizing

Intervention
Receipt143,272,301,305—310

Trial participants’
exposure to the
intervention and its active
ingredients, or dosage
received, their
understanding of the
intervention or skills, and
whether they can perform
the intervention related
skills during the trial.

“Receipt relates to skill
use in the intervention
setting (e.g., learning goal-
setting), and enactment
relates to skill use outside
the intervention (e.g.,
planning for PA
sessions).311”

Receipt:
Participants’
exposure to the
intervention and
intervention
components,
including
participant
adherence to the
number of
sessions or
activities
prescribed in the
study protocol
(dosage received).

Receipt: Includes
participants’
understanding of
intervention skills
and ability to
perform
intervention
related skills
during the trial.
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participant understanding and
performance of intervention skills
during treatment delivery.301”

“(receipt) ...
addresses whether
the participant can
perform a new
behaviour and
therefore expands
beyond just
exposure or
delivery of the
intervention to the
individual.273”

Intervention
doses and
dosage (23)

Intervention dosage

“Dose is either defined as ‘dose
delivered’, i.e. the number of
components of the intervention
delivered, or as ‘dose received’, i.e.
the extent to which the
participants used the components
of the intervention as intended.307”

“Dosage may include (a) the
number of times the
interventionist addresses a target
or uses a technique during a given
treatment session (e.g., 30 models
in 30 min), (b) how long a
treatment session should last, (c)
how

often treatment should be
delivered throughout a week or
month (e.g., 1 hr/week), and (d)
the total length of required
intervention across time (e.g., 9
months.)266”

Intervention Receipt

Delivery and
Receipt

Schedule,
duration,
intensity, or dose:
Report the
number of times
the intervention
was delivered, or
meant to be, and
over what period
of time. Was
intervention(s)
performed
individually or in a
group, supervised
or not, and where
performed (e.g.:
home, community,
clinic...)?

“To what extent
were the
participants
completing the

prescribed
activities ?288”
Participant Participant acceptance and Participant enactment Participant (Enactment
enactment uptake of interventions of treatment enactment removed from
of skills240,44,51,52,182,272,305312 | measures what final framework)
intervention | “Enactment: assessment and Participants” implement participants do
or skills (36) | monitoring of participant the skills in daily life, or outside of the “Because neither

behaviour outside of the
intervention.272”

“treatment enactment focus on
ensuring that cognitive and
behavioural intervention elements
are applied in relevant daily life
situations.305”

“the behavioural changes that a
participant makes outside a
therapy session as a result of an
intervention.>”

real-word settings.
Participants

trial.
2,40,44,51,52,182,272,305,3

12

“Treatment
enactment, which
has to do with
whether the
participant actually
uses the learned
strategies in day-
to-day life, is more
challenging to

adoption nor
enactment
measures how
well the
intervention was
delivered as
conceived and
planned, they are
not included as
components of
intervention
fidelity.284”
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“The uptake

of a new intervention depends on
its acceptance by and acceptability
to those receiving it.2”

measure but could
be ascertained
using self-report
and proxy report
instruments given
at some point after
the trial.**”

“Treatment
Enactment.
Ensuring treatment
enactment is the
third component of
treatment fidelity.
This component
refers to the
behavioural
changes that a
participant makes
outside a therapy
session as a result
of an intervention.”

Participant
engagemen
t with
intervention
(18)

Participant engagement with
interventions or responsiveness

“In this review, the term
‘participant engagement’ is used as
an umbrella term to encapsulate
constructs of fidelity that relate to
participants’ engagement with
intervention content. This includes
whether participants understand
the intervention, whether they can
perform the skills required by the
intervention, and whether they use
these skills in daily life
(‘intervention enactment’).142”

“It may evaluate how far
participants fully accept the
responsibilities required by an
intervention, how far they
perceive the intervention to be
useful, and, more broadly, how
responsive the environment is into
which an intervention is
introduced. In this sense,
“enactment” may be considered a
potential element of participant
responsiveness.?

Participant enactment of
treatment skills.

Removed from
final framework

Table 2.4: Coding of fidelity data
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BFFS Steps 7: The CONSIDER Framework

The resulting fidelity framework, the Complex Interventions Design, Delivery, Receipt
(CONSIDER) framework (Figure 2.4), is a multidimensional construct consisting of three main
components: Design, Delivery and Receipt. These encompass most of the life cycle of a complex
intervention clinical trial, from study design through the clinical trial and process evaluation, with
fidelity processes playing a key role in each. Their components were specified and supported
with examples and direct quotations from empirical papers identified in the systematic searches
in stage 1 and used to create a CONSIDER checklist to facilitate their identification in complex
intervention trial papers. The checklist is described later in this chapter. Its reliability was

assessed and is described in the following chapter.

Design (Protocol)
Intervention/study design
Intervention specification
Intervention/program theory
Provider training

DESIGN

Delivery (Provider)

Intervention delivery

Tailoringfadaptation DELIVERY INTERVENTION
. FIDELITY

Intervention dosage

Provider competence

Receipt (Participant)

Adherence (how often?)

Exposure to intervention

Receipt of intervention core elements

Figure 2.4: The Consider Framework
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The CONSIDER Framework: Design

In the design category, the essential elements of the intervention and fidelity processes in the
clinical trial to evaluate it are specified.?**** |t includes intervention definition, intervention or
programme theory, trial design, and the provider training plan for the clinical trial.

Fifty-five papers in the thematic synthesis addressed components of intervention and study
design and 34 addressed aspects of provider training. These items closely correspond to the
TIDieR checklist’s items; 1 (Intervention name or description), 2 “Why” (rationale, theory, or goal
of the elements essential to the Intervention), 3 “What” (Materials: physical or informational
materials used in the intervention, delivery or in training of intervention providers), 4.
(Procedures: activities, and/or processes used in the intervention, including any enabling or
support activities, 5 “Who provided” (intervention provider, expertise, and any specific training
given), 6 “How” (modes of delivery of the intervention).*° They also align with Items 11a—d in
the SPRIT checklist, relating to trial protocols providing information about “each group with
sufficient detail to allow replication” and ‘procedures for monitoring adherence to intervention

protocols.?®”

Elements of “Design”

Intervention definition is the specification of an intervention’s active ingredients and
components and forms the foundation for fidelity.43190:329.330 Active ingredients are the
treatment elements hypothesized to produce intervention effects.?®* They are the essential
components influencing the physiological and behavioural effects that the intervention is

designed to deliver (object of treatment).2494344331  Examples include mechanical force applied
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by a brace to a joint, lysis of intra-abdominal adhesions during laparoscopy, or learning that
modifies a pattern of behaviour. Identifying interventions’ active ingredients is vital for
differentiation between the experimental and control interventions, ensuring that they do not
overlap or provide the same therapeutic elements, confounding attribution of treatment effects

to the investigated intervention,?42-44195,267,280,239

Intervention definition also describes the intervention’s treatment theory33?

, or how particular
ingredients directly alter specific aspects of functioning and what actions interventionists take to
deliver them to influence the object of treatment.?404344181,278,.331 An intervention may be
designed to influence the object of treatment directly or to produce effects distal to the object
of treatment.?%9333334 For example, endovascular thrombectomy (surgical intervention) with
mechanical clot removal (active ingredient) may be designed to achieve vascular reperfusion
(direct object of treatment). Progressive resistive exercises (active ingredient) may be prescribed
to improve muscle strength as a direct object of treatment object, or as a component in a
programme to improve stair climbing, a more distal outcome in which the treatment mechanism
does not directly act on the outcome. Treatment theory can help ensure that interventions are
targeting appropriate outcomes. More extensive use of treatment-theory has been associated

with greater effectiveness and statistically significant increases in effect sizes.33>33¢

Treatment theory can help delineate interventions’ key active ingredients when there are several
potential ingredients present.?40:4344,181,278.331 Thig can facilitate identification of core and flexible

components of an intervention and setting of allowable parameters within which tailoring or
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adaptation can take place while ensuring interventions remaining faithful to their underlying
theory of action.?#04344181,278331 Thjs corresponds with TIDieR*° checklist items 9 “Tailoring” (if
the intervention is planned to be personalized, titrated or adapted, then describe what, why,
when, and how) and CERT*>! items 14a and 14b (tailoring and adaption, including detailed

description of how exercises are tailored to the individual).

Complex interventions often require tailoring and adaptation of interventions to individual
participants and contexts.®’37 This requires identification of contextual factors and participant
characteristics that may necessitate intervention adaptation.3*” Some complex interventions,
such as surgical procedures, may require adaptation and tailoring that is unforeseeable during
protocol planning, and strict adherence to every element of very detailed processes for these
interventions may be unsafe or unfeasible. In such cases, it becomes important to determine, a
priori, which active ingredients or components of the surgical intervention are essential for
patient safety as well as intervention integrity and monitor fidelity to those while allowing
necessary flexibility for the surgical provider and maintaining essential intervention fidelity.'6-33®
Consideration of the limits of acceptable tailoring and pre-determining allowable parameters for
in-trial intervention adaptation are also important when interventions are being evaluated
against an active control or standard of care, ensuring that interventions do not deliver the same
active ingredients and there is no carryover between groups, maintaining intervention

differentiation.240°6.273

CONSIDER’s Design category also supports key elements of trials to test the effectiveness of an
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intervention. These include the trial’s programme theory, or how interventions should be
structured or administered to achieve a therapeutic outcome and goals that define the
structure, process, and outcomes of a clinical trial.3*° Other key elements include best-practice
methods for trial protocols and clinical trials following appropriate recommendations such as
SCARE3#° PROCESS?*', CONSORT™92, SPIRIT?®, TIDieR™™", etc. These include selection of an
appropriate study design, experimental and control intervention dosages, and delivery methods,
etc. It also supporting the guidance of the Rehabilitation Treatment Specification System (RTSS),
43330 and recommendations for surgical trials developed by Blencowe, et al,'®® by recommending

explicit documentation of interventions’ hypothesized active ingredients, treatment theory and

targets of treatment in the design stage and in study protocols.

Monitoring and reporting elements of Design

CONSIDER emphasizes pre-determining mechanisms for monitoring and reporting of
intervention fidelity and ensuring interventionists can deliver the intervention competently and
with high fidelity during the trial #0172:181,342343 These correspond with: CERT**! checklist item 2
(who: qualifications, expertise, or training undertaken by the exercise instructor); 5 (detailed
description of how adherence to exercise is measured and reported); items 13 (when and how
much, or dosage); and items 16a (describe how adherence or fidelity were measured). Accurate
intervention delivery is highly dependent on the skill, experience, and knowledge of the
interventionist.#92%7 Study protocols should include mechanisms to assess for ongoing
supervision of intervention delivery throughout the trial to ensure delivery consistency across

providers and settings, minimizing provider drift from the protocol over time.36:44278290
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These mechanisms should be determined, a priori, and may include interventionist training in
the study protocol with well-defined and study procedures,?’>*** manualisation of the
intervention,*9°2194293 review of the manual with interventionists, 2’8 interventionist
supervision, support and audit of delivery during the trial.4%?78322 Provider training may also be
enhanced by use of case scenarios and group learning experiences to help support different
training needs among intervention providers.3*> Consideration of barriers to successful
interventionist training such as intervention complexity, the number of treatment components

and the specificity of each should also inform the interventionist training plan.40>%278

Intervention manuals may contain key details about the trial design, procedures, and
programme. They often include an overview of the intervention and the intervention theory,
detailed descriptions or depictions of intervention activities, equipment and materials needed,
mode of delivery, intervention goals and strategies, and the role and responsibilities of
interventionists.*%323 They may also provide important guidance for allowable tailoring and
adaptation of interventions for individual participants and addressing problems that may arise in
the intervention 374067133 Review of intervention manuals that describe intervention and study
procedures and assessments with detailed written and photographic descriptions, visual aids,

exemplars or decision-making aids and can enhance provider training and intervention

fidelity.2194267.278346
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Delivery

Delivery encompasses the provision of interventions to participants as specified in the study
protocol.?4%1%9 |t focuses mostly on a trial’s independent variables and the actions of the
provider. Intervention delivery is the most frequently addressed component of fidelity in
complex interventions literature.*?®” In thematic synthesis, 60 papers described adherence to
protocols, 83 addressed aspects of intervention delivery, 29 papers describing maintenance of
interventions’ integrity, 6 describing intervention tailoring and adaption to individual patients or
providers, and 37 describing aspects of provider competence and training in the intervention to

ensure fidelity to protocols or treatment integrity.

Elements of Delivery

Key themes in “Delivery” include maintenance of intervention delivery fidelity, also often
referred to as treatment integrity or procedural fidelity (was the intervention delivered as
intended?) in included papers; quality of intervention delivery; adherence to treatment
protocols, tailoring and adaptation of interventions within prespecified limits; ensuring providers
are trained and competent to deliver interventions, and controlling for provider differences.?’®
This category corresponds with TIDieR*™ checklist items 10 “Modifications” (if modified during
delivery, what, why, when, and how), and items 11 and 12 “How well (intervention fidelity and
adherence and assessment).*0 It also corresponds with CERT**! item 5 (detailed description of

how adherence to exercise is measured and reported), items 16a and 16b (describe how

adherence or fidelity were measured, and extent to which the intervention was delivered as
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planned) and The SPIRIT?® item 11c (strategies to improve adherence to intervention protocols,

and any procedures for monitoring adherence).

Aspects of Delivery may overlap with, but proceed from, components of Design. For example,
adhering to intervention protocols during a trial requires that interventions be operationalized in
detail in the Design phase.*? Intervention delivery fidelity describes whether intervention
components and interventionist behaviours are delivered as intended, ensuring the
interventions’ delivery of active ingredients.3®*°® Monitoring of intervention delivery fidelity,
preserving interventions’ integrity is essential for maintaining differentiation between
interventions during a clinical trial. Differentiation minimizes contamination of the intervention
under investigation with elements of other interventions or mixing of active ingredients between

the control and experimental interventions.?93294:297,298,345,347

Interventionist adherence to study protocols was the most frequently identified component of
fidelity of delivery in the thematic analysis, identified in 60 of the 130 papers. While adherence
to study protocols supports intervention integrity, 46482%42% intervention fidelity may not
necessarily require strict adherence to every component of the protocol, as discussed previously
in the “Design” section, and may be supported by having prespecified allowable tailoring and
adaptation of interventions to individual participants or contexts in the design stage. In highly
pragmatic trials, however, it may be necessary to prioritise fidelity to treatment theory or the
trial’s programme theory (theoretical fidelity) to maintain fidelity to interventions” underlying

causal processes and reflect real-world clinical practice conditions, rather than fidelity to specific
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procedures during intervention delivery (content fidelity).>®33%34 This is explored with real-time

data gathered prospectively in an ongoing pragmatic trial (ACL-SNNAP3*%) in chapter V.

An important theme identified in thematic analysis was the importance of provider competence
(trained interventionists) for maintaining fidelity during intervention delivery, corresponding to
TIDieR™*™ item 5, “who provided (describe their expertise, background and any specific training
given) and 3 “what (describe physical or informational materials used in training of intervention
providers.” Competence captures practitioners’ skill in delivering the intervention and ability to
comply with proscribed behaviours and avoid contaminating the intervention with prohibited
components or behaviours. This may be influenced by provider training built into a trial at the
design stage and providers’ ability to maintain skill in delivering the intervention throughout the
trial 40133138 The influence of provider training and competence extends beyond intervention
delivery, also encompassing non-specific treatment effects such as interventionist ability to

engage with participants, warmth, and communication skills.394°

Provider competence during the trial can be supported by ensuring providers are familiar with
the intervention manual and can access it as a source of guidance or support, and have
supervision to prevent deviation from the intervention protocol or provide guidance when
unforeseen modifications are required.*®'%> Methods designed to enhance and support provider
competence should control for provider differences in education, and experience with
intervention delivery and monitor whether interventionists maintained the skill set learned in

training throughout the clinical trial 36:3%
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Monitoring of elements of Delivery

Delivery can be monitored by video recording and assessment of patient sessions with a fidelity
checklist to ensure the intervention is delivered as specified in the protocol and intervention
integrity is maintained.'® Other assessment options include assessment of randomly sampled

3%0 observation of treatment sessions, 351352

audio or video recorded treatment sessions,
interviewing of participants,3>>3>* provider self-assessments,?6>3!8 review of provider treatment
notes or adherence logbooks*>3>¢ with comparison to the protocol or intervention

manual, 2267357 and process evaluation to assess protocol adherence and treatment

integrity.1%%276 Many of these actions can also facilitate monitoring provider competence and

maintenance of skills learned in training throughout the clinical trial.36:3%¢

Receipt

While Delivery focuses mostly on the actions of intervention providers, Receipt mostly focuses
on the actions of the intervention recipients.?>%1723%8 |t was most often referred to as participant
adherence in the eligible papers?440.107.108.307 gnd partially corresponds to CERT*>! item 13,
SPIRIT?® item 11c and TIDieR™ item 8-“when and how much (number of times the intervention

was delivered, when, how much, intensity and dosage) and 11 “how well.”

Elements of Receipt
Intervention Receipt was identified in 42 papers as participants’ exposure to the intervention or
its active ingredients (dose), their adherence to the frequency of the intervention or attendance

in interventions sessions or appointments (adherence), degree to which they followed clinic
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and/or home-based components of the treatment, understanding of intervention skills, and
ability to perform intervention-related skills during treatment in the

trial 36:39,327,44,133,135,138,228,273,280,301 | complex interventions literature, less focus has been
placed on monitoring and reporting of intervention receipt than intervention delivery,
interventionist training, or other aspects of fidelity.4%181.226:228 Nevertheless, key components of
receipt such as intervention dose, participant session attendance, comprehension and
performance of intervention related skills can greatly influence intervention fidelity and

intervention outcomes.133228

Participants’ exposure to interventions and their active ingredients can be represented by
participants’ acceptance and initiation of their allocation intervention (participant adherence),
the frequency and intensity with which interventions are delivered (dose); the degree of
participants” attendance in treatment sessions and performance of intervention activities

(adherence).?*?

Intervention dose can be further classified as either the intervention dose delivered-the
number, frequency or intensity with which intervention components are delivered by
interventionists, or as the intervention ‘dose received’, or the extent to which the participants
performed the components of the intervention or attended intervention sessions as
intended.36:39,133,228,266,273,301,327 Measures of the number of treatment sessions or units of an
active ingredient participants received can be used to indicate if a treatment met its prescribed

dose.?*®3€0 For example, dosage may be measured by the number of times the interventionist
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addresses a target or uses a technique during a given treatment session, the number of times or
duration with which a participant achieves a desired physiological state (e.g. amount of time
spent exercising at a desired percentage of maximal heart rate during the intervention), the
number of treatment sessions a participant attended or number of time a participant performed
an intervention activity (for example, twice weekly over six weeks).1432°8:310,360,266,272,301,305-303
Dose can be monitored with instruments measuring participants’ exposure to the intervention,

such as interventionist or participant logs, intervention notes, checklists, or attendance

records.3’

Receipt also includes ensuring participants’ ability to perform intervention skills during the
trial,143,258,310,360,266,272,301,305-309 Thjs gssesses not just whether (or how much) participants
performed intervention activities, but also how well they did so0.'>? Participants’ ability to
perform intervention related skills during the trial is important for supporting their exposure to
the interventions’ active ingredients. This is particularly important for maintaining fidelity in
interventions relying on participant-generated movement, such as physiotherapeutic exercise or
rehabilitation interventions.?® Participants’ ability to perform intervention-related skills may also
be influenced by moderating factors such as intervention complexity and interventionists’ skill in
communicating with participants.?3°4%56 CONSIDER’s emphasizes manualizing intervention

components, and ensuring provider competence in delivering interventions, supporting Receipt.

Monitoring Receipt
Receipt has been operationalized and monitored in a variety of ways in complex interventions
literature.??® These include assessment of records from intervention sessions or treatment logs,
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participant attendance logs, participant-completed checklists or activity logs, field notes, website
monitoring or monitoring of competition of online intervention modules, and qualitative
interviews with participants. Other examples included participants being contacted by trialists or
receive informational material, DVDs weblinks, emails, texts or other contacts and resources to
ensure their understanding of the intervention instructions and enhance intervention receipt.
Assessments of participant receipt based on attendance logs, treatment session notes, field
notes, daily journals, completion of practice logs, logins/website monitoring, were generally

collected during the intervention period.

Moderating factors for intervention fidelity

The Medical Research Council’s (MRC) guidance on process evaluations describes the term
context as including, “anything external to the intervention that may act as a barrier or facilitator
to its implementation, or its effects.*®” Several such potential moderating factors for
intervention fidelity were identified during the BFFS and may also need consideration when
monitoring fidelity in clinical trials.>*% Factors outside of the intervention, such as scheduling
and difficulty accessing the intervention site may influence participant receipt and engagement
with interventions. Comorbid conditions reducing participants’ ability to perform the
intervention, or participation affected by poor interactions with the intervention or
interventionist, may also reduce both intervention delivery and intervention receipt in a trial.24°
Providers’ prior expertise with an intervention and can also influence participants’ receipt and
engagement and should be considered when evaluating factors influencing intervention

effectiveness.3% The acceptability of interventions to providers and provider or participant
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equipoise may also influence their delivery of the intervention and participants’
receipt.310342359,361 \While these and other factors external to the intervention lie somewhat
outside of the core aims of this framework synthesis, they should also be considered as part of a

trial’s intervention implementation plan or process evaluation.>*3°

OBJECTIVE 3: Definitions of Fidelity

Ninety-five descriptions or definitions of intervention fidelity were identified in the systematic
review’s eligible papers. Multiple terms, such as: adherence, integrity, compliance, concordance,
fidelity, or specification were used, often interchangeably, to describe concepts or processes
related to intervention fidelity. Researchers conceptualised or discussed fidelity in terms of
interventionists’ adherence to a study protocol or treatment manual; the extent to which the
intervention delivered resembled the intervention that was intended; the extent to which
intervention was delivered as planned3®?; protocol adherence and acceptability; adherence and
provider competence®®3; and, methodological practices used to ensure that a research study

reliably and validly tests a clinical intervention (table 2.5).268
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Term Example definitions

Adherence “Although often confused with adherence, which is concerned with participants’ behaviours, fidelity
refers to the extent to which the study team complies with the study protocol. A participant who follows
the program that his or her randomization or grouping mandates would be considered to be adhering in
an occupational therapy clinical trial.23”
“The extent to which patients follow the instructions they are given for prescribed treatments.3%4” “The
extent to which an individual corresponds with the quantity and quality of exercise, as prescribed by their
healthcare professional.365”

Concordance “The process of enlightened communication between the person and the healthcare professional leading
to an agreed treatment and ongoing assessment of this as the optimal course”
“measurement of concordance of patient and provider understanding of the problem and/or treatment
recommendations?%0.”

Compliance “Patients’ obedience to recommendations with prescribed treatments.364”
“Individual therapist behaviours as compliant/not compliant with the treatment manual. This very
stringent procedure showed that there were deviations from the protocol, e.g. because cues prescribed
in the manual were omitted or augmented.302”
“How far those responsible for delivering an intervention actually adhere to the intervention as it is
outlined by its designers.36%”

Fidelity “Fidelity: Adherence to the intervention protocol, delivery as per manual.367”

“Fidelity (degree to which the protocol was implemented as planned), the extent to which the
intervention has been received by the audience.32”

Fidelity includes quality of delivery and dose.3¢8

“Delivered as intended; adherence; integrity; quality of program delivery.369”

Implementation

“Whether a program service or intervention is being delivered as it was designed or written.”

fidelity
Intervention “Intervention fidelity refers to the extent an experimental manipulation has been implemented as
fidelity intended in a comparable manner to all participants.238”

Therapists’ adherence to the intervention protocol.370

“Intervention fidelity (i.e., adherence, compliance, integrity). degree of which the intervention was
delivered as originally planned.371”

“Ongoing assessment, monitoring, and enhancement of the reliability and internal validity of an
intervention or treatment.228”

Treatment fidelity

“All sessions were rated as compliant adherent to manual/treatment intent.28%”

“The treatment fidelity: the dose, the protocol process adherence and content of treatment delivered
compared to the protocol. The extent to which the intended intervention was provided by therapists.”
“Treatment fidelity, i.e. if the treatment was delivered as intended. 372373

Treatment
integrity

“Treatment fidelity is comprised of two components. The first is treatment integrity, the extent to which
interventions are implemented as intended for the duration of a study (i.e., each participant receives the
intended treatment).347”

“Integrity; was the treatment delivered as intended?279”

“treatment integrity, that is, demonstrating that therapists carry out the intervention with adequate
levels of adherence and competence to the treatment model or protocol.194”

“Treatment integrity typically involves two processes, adherence or fidelity to the manual, protocol, or
treatment model, and competence or level of skill with which therapists deliver specified treatments.374
“Treatment integrity, or procedural fidelity... 279”

Treatment quality

“Assessment of treatment quality captures the manner in which a treatment is delivered. This
component of fidelity assessment seeks to differentiate between treatments implemented well versus
interventions implemented poorly.266”

Table 2.5: Terms and definitions for fidelity
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The words most frequently used when describing or defining fidelity were fidelity (n = 260),
delivery (131), training (97) adherence (93), compliance (86) protocol (84), delivered (84)

intended (71) and receipt (67) (Figure 2.5).
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Figure 2.5: Fidelity terms word cloud

Fidelity and adherence

Within these definitions and descriptions, two distinct concepts emerged: Fidelity and
adherence. Fidelity (intervention, treatment, or implementation) most often referred to the
action of interventionists and the quality of their intervention delivery during the trial.
Operational constructs defined fidelity in procedural terms related to the administration of a
therapeutic intervention, including the integrity of treatment delivery, or the closeness or
concordance of the intervention delivered to the intervention intended in the trial protocol or

manual. Definitions focused on construct fidelity referred to the extent to which interventions

127



delivered in the trial were faithful to their underlying theoretical basis, active ingredients or

clinical guidelines.*?

The other concept, adherence, most often referred to action of participants, or the extent to
which participants complied (compliance) with, performed, were exposed to or received the
intervention in the trial.?> For example, adherence was exemplified by participants following
their randomised group allocation and not crossing over to the comparison condition in surgical
or rehabilitation trials,>#?627 and attending the prescribed number or therapy sessions or fully
performing the required number of home exercises or activities in rehabilitation trials.>*
Participants who are either underexposed to the intervention because they did not attend
intervention sessions or failed to perform intervention activities, or were overexposed to the
intervention because they received greater intervention dosage or greater number of

intervention sessions than prescribed in the study protocol would be considered non-adherent.?

Integrated definition of intervention fidelity

Through thematic analysis, an integrated definition of intervention fidelity was derived for this
thesis in which intervention fidelity is an umbrella concept encompassing two distinct but related
and interacting components: intervention fidelity and participant adherence. Both are essential
for a clinical trial to be faithful to its protocol, and both can influence study outcomes,

individually or together:319-21

5. Intervention delivery fidelity (fidelity) focuses mainly on the actions of the
interventionist. It encompasses the quality of intervention delivery or performance within

the trial, and reflects the correspondence of interventions delivered in the trial with the
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intervention specified in the study protocol, or in accordance with study procedures,
treatment manuals, etc.

6. Participant adherence (adherence) focuses mainly on the actions of the participant.
Adherence encompasses both whether participants accept and initiate the intervention
allocated, and how well they comply with the prescribed, allocated intervention. For
example, this could be represented by measuring whether participants attended the
required number of therapy sessions, the frequency of intervention sessions or
frequency participants performed intervention activities (for example, completed a home
exercise a certain number of times per week). This definition also parallels adherence as

defined in pharmaceutical trials.?®

The CONSIDER Checklist

The components of the CONSIDER framework were operationalised to create the CONSIDER
fidelity checklist (chapter Ill) to facilitate identification if intervention fidelity in clinical trial
papers in the meta-epidemiological study of fidelity in complex intervention clinical trials in
chapter IV. To further facilitate their identification, the items from the CONSIDER framework and
checklist were also aligned with corresponding items on the, TIDieR**°, CERT**?, and SPIRIT?®
checklists. An elaboration and explanation document and scoring guide, supported with
examples and direct quotations from empirical papers identified in the systematic searches in
stage 1 was also developed and the checklists’ reliability assessed. These steps are the subject of

the following chapter (chapter Ill).
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DISCUSSION

Intervention fidelity is an essential part of conducting intervention research and implementing
the findings into clinical practice. 15374567 A lack of a uniform definition of fidelity and its key
components has been identified as a barrier to fidelity planning and intervention
implementation in clinical trials and their translation to clinical practice.*®*’> The broad range of
fidelity terms, definitions and concepts used in complex interventions literature also makes it
difficult to systematically identify fidelity reporting in clinical trials. The CONSIDER framework
synthesizes key aspects of intervention fidelity from 269 empirical and methodological papers to
create a fidelity framework developed specifically for clinical trials of physical complex

interventions.

CONSIDER was developed as a basis from which to frame and investigate intervention fidelity in
this thesis, but also represents an important first step in providing practical guidance for
intervention fidelity in the planning and implementation of clinical trials in domains involving
physical complex interventions such as physiotherapy and rehabilitation. To the best of our
knowledge, it is the first “Best-fit” framework synthesis of intervention fidelity and first
empirically based fidelity framework created specifically for complex interventions in the physical
domain. Further development of the framework and checklist with broader input from a wider
range of stakeholders is needed to refine the framework and enhance its applicability for future

evaluations of complex intervention clinical trials.

Much of the fidelity monitoring identified in this framework synthesis and in previous systematic
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reviews focuses on intervention components adhering to trial protocols or participant adherence
to treatment frequencies.*0181.226.228 \Whjle these are important elements of intervention fidelity,
focusing on these alone neglects the influence of other key elements of fidelity on the outcomes
of a clinical trial. 2138189 For example, poor treatment specification or interventionist training in
the Design stage may lead to suboptimal intervention delivery, which may lead to poor
participant exposure to the intervention (Receipt). CONSIDER offers a more complete
conceptualization of fidelity, encompassing both the interventions and the design and conduct of

trials to assess their effectiveness.

CONSIDER also supports intervention fidelity that is flexible, recognizing that tailoring and
adaptation of interventions may be necessary to accommodate individual participants and
clinical contexts. 4737 Rather than rigid adherence to large numbers of intervention
components, CONSIDER emphasises tailoring and adaptation within pre-determined boundaries
that is based on fidelity to interventions’ treatment theory, retaining intervention fidelity while

not impeding the application and effectiveness of complex interventions. 138169

The CONSIDER framework can be used in conjunction with existing clinical trial models or
frameworks to contribute a deeper, broader conceptualization of intervention fidelity. It
complements other, established design and reporting frameworks such as CONSORT, TIDieR*®
or CERT*!. Enhancing fidelity in the design and intervention implementation of clinical trials
supports enactment of processes reported on TIDieR'™°, CERT***and SPIRIT?®. While Intervention

fidelity is a separate concept from intervention reporting, an important relationship exists
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between the two. Intervention fidelity cannot be reported adequately if it has not been
previously considered or monitored. The processes which support intervention fidelity also
support transparency and enhance the documentation of intervention details needed to support
reproducibility and the dissemination of evidence-based methods.164367.105330342 y/grigble and
imprecise description of intervention components in clinical trial papers makes it difficult to
identify the active ingredients interventions were meant to deliver or whether departures from
the intended intervention took place.#31°0.197,222,224,279 CONSIDER complements the
recommendations of the Rehabilitation Treatment Specification System (RTSS), emphasizing
identification of interventions’ active ingredients and treatment theory and the development of

empirically testable interventions.4333

The recommendations of the CONSIDER framework can also support the development of better
comparison-control treatments for complex interventions, complementing the DITTO
(Deconstruct, Identify, Take out, Think risk, Optimise) framework3’” and ASPIRE guidelines for
placebo and sham intervention controls in surgical and rehabilitation trials.?®? Placebo controls
or sham interventions appear similar to the experimental treatments but lack their active
ingredients,?’8381 and minimize the risk of biases such as expectation, performance, detection
and confirmation biases.”*262378-383 These biases are high in trials of surgical and physiotherapy
interventions and weaken the validity of studies’ findings, but placebo interventions are

methodologically difficult to construct and present to patients.?%?

Interventions’ active ingredients and fidelity, as specified in CONSIDER, can be manipulated to
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move them from the experimental intervention to a placebo intervention delivering no or very
low dose of the active ingredients.?* Once the intervention being evaluated has been
operationalized, its placebo control can be constructed by “moving the needle” between varying
levels of intervention fidelity to produce placebo interventions that are identical to the
experimental surgical procedure but lack its active or essential components. For example, in the
Can Shoulder Arthroscopy Work? (CSAW) trial, a RCT assessing the clinical and cost-effectiveness
of arthroscopic subacromial decompression for shoulder pain, the essential surgical element
(bone and soft tissue removal) was manipulated to randomise participants to an arthroscopic
surgery group with the essential surgical element (active arm), a diagnostic arthroscopy only
without the essential surgical element (no spur removal) placebo arm) or an active monitoring

group.’

No similar guidance exists for the construction of placebo interventions in Physiotherapy or
Physical and Rehabilitation Medicine (PRM), encompassing a larger spectrum of medicine and
rehabilitation disciplines.?®? The intensive provider-participant contact and multi-modal nature of
physical therapy and PRM interventions present unique challenges for the construction of
placebo-controlled trials.3® The International Placebo Symposium Working Group was convened
in 2010 to address these and made a number of recommendations that would be supported by
use of CONSIDER, including greater efforts to reduce variability in intervention implementation,
greater evaluation of the isolated components of rehabilitation interventions, and use of
structural equivalence, in which the experimental and placebo groups have similar degree of

therapeutic contact.3®
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Strengths, limitations, and future directions

CONSIDER has been developed to encompass the unique challenges and opportunities posed by
interventions and clinical trials in domains involving physical complex interventions such as
physiotherapy and rehabilitation. We followed a thorough, systematic best-fit framework
approach and derived evidence from empirical, methodological, and theoretical literature in
these complex interventions, supporting its applicability in their clinical trials. A reported
limitation of many existing implementation frameworks and models is that they describe
determinants and moderators of fidelity without elaborating on the relationships between them
or the mechanisms linking them to implementation outcomes.38>38 Qur best-fit framework
synthesis sought to overcome this limitation though the secondary thematic analysis and
reciprocal translation of themes derived from eligible papers, extensive use of exemplars from
the complex interventions literature base, and linking of concepts between and across CONSIDER

stages.

Our search strategy was comprehensive and maximized sensitivity rather than precision. It was
unrestricted by language and included both commercial and grey literature sources.?* A broad
range of search terms to ensure relevant papers were captured.?*® Although the search
strategies used in this analysis were comprehensive and conducted in multiple search engines, it
is possible that some papers describing intervention fidelity may have been missed. The lack of
consensus on definitions and components of fidelity, the many terms used to describe it, and
poor reporting of fidelity in complex intervention literature increase the risk that some eligible

papers may not have been captured by our search terms. However, we employed citation
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searching and extensive full-text screening to ensure that papers describing intervention fidelity

with unanticipated terms were also captured.

Systematic reviews of complex interventions have found poor or completely absent reporting of
fidelity monitoring or assessment across clinical trials.#>169:290.387.388 This may reflect some degree
of editorial constraint, in which word count limits and manuscript length restrictions limit
reporting of some aspects of the conduct of clinical trials.38838 We attempted to overcome this
by rigorous full-text screening of all papers for concepts or processes related to fidelity and
searched for trials’ protocols or registrations, reviewing them and searching for information
about intervention fidelity when they were available. The framework synthesis undertaken in
this review also aimed for conceptual saturation and generalizability, rather than statistical

power 240241

, and study selection was purposive rather than exhaustive. The large number of
papers in our best-fit framework synthesis maximized the likelihood that conceptual saturation

was reached.

Even with our comprehensive searches, we found few reports of trials assessing intervention
fidelity in surgical interventions, despite having worked with surgical trialists to enhance the
search strategy’s sensitivity and extensive efforts to identify application of fidelity principles in
surgical trials. It is possible that some surgical trials may have been missed because the
processes that support fidelity during clinical trials were described in terms falling outside of our
search strategies. To overcome this, full text screening was undertaken for any surgical papers
identified with our search strategies or citation searches to identify papers applying any fidelity

principles, even if not labelled as such.
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Nevertheless, previous systematic reviews and methodological papers have also identified a
paucity of surgical trials monitoring fidelity principles. Beard et al. (2020) reviewed 96 papers
describing surgical placebo controlled trials in the development of the ASPIRE guidelines, finding
only four papers reporting elements of fidelity and seven reporting standardization of the
intervention, a component of intervention fidelity for clinical trials in CONSIDER.?6?
Methodological papers have also identified the unique challenges to intervention fidelity and
adherence posed by surgical trials, including inherent and unpredictable variability in surgical
procedures due to surgical findings, surgeon learning curve effects, and high potential for cross-
over (poor adherence) between trial arms in trials comparing operative versus nonoperative
therapy.?’ As a result of the poor representation of surgical papers in the BFFS, the CONSIDER
framework represents the perspective of rehabilitation (i.e. physiotherapy, occupational therapy,

speech-language therapy, exercise interventions, etc.) and not of surgery.

Finally, although the “best-fit” framework syntheses method is particularly suited for developing
a comprehensive framework based on existing evidence, and our database of empirical and
methodological papers was extensive, CONSIDER and the checklist are initial steps that need to
be developed further with broader input from a wider range of stakeholders before they can be
presented as a tools trialists should be using. In future stages of their development, a Delphi
process will be needed to build consensus about the synthesized definition of fidelity, which

fidelity components and qualities are most important, and which qualities should be given the
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most weighting when developing and evaluating intervention fidelity in complex intervention
trials.

Additionally, the applicability of the framework and checklist to study settings challenging for
fidelity needs to be explored. Explanatory randomised trials are conducted under idealised
conditions to give interventions the best chance to demonstrate an effect (efficacy).?°%39! These
tightly controlled conditions can facilitate maintenance and monitoring of intervention fidelity.
However, pragmatic randomised clinical trials are designed to evaluate the relative effectiveness

of interventions under real-life?® conditions, with diverse clinical populations,?'©

and against
usual care interventions.?*%21? Key aspects of intervention delivery may be less tightly controlled
in pragmatic trials, creating challenges for assessing and maintaining intervention
fidelity.?1922422> The applicability of the CONSIDER framework was investigated in an ongoing

pragmatic trial of surgical versus rehabilitation management, the Anterior Cruciate Ligament

(ACL) Surgery Necessity in Non Acute Patients (ACL SNNAP)3#° trial in Chapter V.

CONCLUSION

This framework synthesis represents an important first step in addressing a gap in our
understanding of intervention fidelity in complex interventions in the physical domain. While
growing attention has been paid to fidelity when interventions are translated and implemented
in clinical practice, far less research has focused on intervention fidelity during the clinical trials
themselves. Guidance specifically tailored to the planning and implementation of intervention
fidelity in clinical trials of these complex intervention is rare, and fidelity frameworks developed

for psychology and public health trials do not translate well to physiotherapy and surgery. Failure
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to implement interventions with a high degree of fidelity could negatively affect the accuracy
and validity of clinical trials, undermining patient care and the translation of evidence-based

interventions into clinical practice.6:40.67,392

The CONSIDER framework offers guidance for intervention fidelity in the planning and
implementation of clinical trials, with implications for reproducibility and the translation of
evidence-based interventions to clinical practice.?1939373% Further development of the CONSIDER
framework with broader input from a wider range of stakeholders is needed. Ultimately, the
framework may help researchers design clinical trials that enable research reproducibility and
uptake, reducing waste and benefiting the practice and evidencing of complex interventions in

rehabilitation.

138



Chapter lll: Inter-rater agreement and reliability of The CONSIDER Fidelity Checklist
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Chapter Summary

The Complex Interventions Design, Delivery and Receipt (CONSIDER) checklist was developed to

facilitate systematic and reproducible identification of intervention fidelity in complex

interventions controlled trials for the meta-epidemiological study in chapter four of this thesis.

This chapter described the development of the checklist and its evaluation in a cross-sectional

reliability study with a purposeful sample of clinicians, researchers, trainees, and academics in

complex interventions. The primary aims of this chapter were to determine the internal

consistency, inter-rater reliability, and agreement of the CONSIDER checklist. Secondary aims

included exploring participants’ experiences using the checklist to identify items needing further

development or modifications needed to improve the checklist’s usability.
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here?

3. Lessons learned?

Discussion and
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A comprehensive, reliable fidelity checklist was needed to facilitate systematic and reproducible
identification of intervention fidelity reported in complex interventions RCTs for the meta-
epidemiological study in chapter four of this thesis. To this end, the Complex Interventions
Design, Delivery and Receipt (CONSIDER) checklist was developed from the Best Fit Framework
Synthesis in Chapter Ill. This chapter describes its development and assessment of its reliability,

inter-rater agreement, and usability.

BACKGROUND

Systematic reviews of fidelity in complex interventions in education, public, and behavioural
health have identified a number of fidelity assessment tools and checklists.3%142:217.228 Fidelity
assessment developed for these disciplines may not translate easily for use in trials of complex
interventions in the physical domain, whose unique characteristics require fidelity assessment
tools tailored to their needs.404>63.219,3% Eor example, the NIH Behavioural Change Consortium’s
(NIH-BCC) comprehensive treatment fidelity checklist contains 29 items assessing fidelity across
five domains: Study Design, Provider Training, Treatment Delivery, Treatment Receipt, and
Treatment Enactment, with items scored as present or absent.?° Key aspects of the NIH-BCC
checklist, such as its constructs for treatment enactment and receipt reflect characteristics of
psychological behavioural health interventions and do not translate well for use in trials of

complex interventions in the physical domain such as rehabilitation, as described in chapter Il

Additional concerns with available checklists such as the NIH-BCC include their use of
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dichotomous scoring for fidelity (items scored as presence or absent), rather than ordinal scoring
indicating the degree of meeting a recommendation.3’ Determining whether fidelity was
achieved or maintained requires consideration of multiple aspects of clinical trial conduct, which
may be achieved to varying degrees.*>1>? Additionally, many existing fidelity assessment tools
measure only one or two dimensions of fidelity, such as intervention delivery, treatment
differentiation or provider training, or measure either the actions of interventionists or
participants, but not both.%%'43 However, intervention fidelity is a multidimensional construct, as

described in Chapter II, and optimal fidelity assessment tools should also be multidimensional.®®

Most fidelity assessment tools are developed for use during or just after clinical trials (during
process evaluations).%142152 A number of checklists have been established to assess
intervention implementation in clinical practice, but their reliability has not been broadly
established.?12142152 Far |ess is available to guide assessment of fidelity in trial publications.
Customized criteria for assessing fidelity in trial publications have been reported in individual
meta-analyses of complex interventions, but these were not developed for wider use and their

reliability has not been evaluated.!/8180.3%8

CONSIDER Framework and Checklist

The Complex Interventions Design, Delivery and Receipt (CONSIDER) checklist was created to
facilitate reproducible, transparent identification of intervention fidelity for the meta-
epidemiological study in chapter IV of this thesis (figure 3.1). It is a multidimensional checklist for

assessing intervention fidelity reported in physical complex intervention trial publications. It was
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developed through the Best-Fit Framework Synthesis?** described in chapter 3, and following the
“Guidance for Developers of Health Research Reporting Guidelines” by Moher, et al.,>*
Ginsberg et al.’s recommendations for fidelity assessment!>?, and Bond and Drake’s standardized

methodology for developing and validating fidelity scales for evidence-based practices.'3?

Bond and Drake describe three stages for developing a fidelity scales: 1.defining scale content; 2.
developing data collection procedures and; 3. assessing psychometric properties. These, and

their components, are described below.

Step 1: Following Bond and Drake’s process, the first step in “defining scale content” was to
identify the purpose of the checklist, including its primary users. The CONSIDER checklist was
developed to facilitate systematic and reproducible identification of intervention fidelity in
complex interventions clinical trial publications for the meta-epidemiological study in chapter
four. It was designed to facilitate assessment of intervention fidelity in trial publications, rather

than ongoing assessment of fidelity during the conduct of clinical trials.

Step 2: In this step, “developing data collection procedures,” rigorous theoretical or empirical
work was undertaken to inform the content of the tool and operationally define 3-5 items
assessing each scale component. This included identifying the key components of the focus of
the scale and supporting them with direct evidence from the literature. This was accomplished
through the systematic review and best-fit framework synthesis (BFFS) in the previous chapter.
Multiple items (criteria) for fidelity concepts were used to build redundancy into assessment of

fidelity components (for example, intervention delivery and receipt).>?
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Bond and Drake recommend that a fidelity scale should have no more than 25 items, reducing
labour intensity for their users, and the items should be operationally defined with concrete and
observable criteria. The CONSIDER checklist’s 8 items were operationally defined with concrete
data and supported with an elaboration, explanation, and scoring guide containing direct,
illustrative quotations from empirical papers for each criterion and score. The checklist items
were also aligned with corresponding items from the Template for Intervention Description and

Replication TIDieR*™°, CERT*>! and SPRIT?® checklists.

Next item calibration and item scoring was developed. The CONSIDER checklist was developed
from a premise that intervention fidelity is a complex, multicomponent construct depending on a
number of actions and criteria during trial conduct, which may be achieved to varying
degrees.*>1>2 Reflecting this, item scoring on the checklist was not binary (i.e., yes/no, or
present/absent), but ranged from either three to five response options, from “absent to mostly
present.” The scoring structure also followed the recommendations of Gearing’s CIFG, which
assesses intervention fidelity across 22 items that are scored as 0-absent/minimal, 1-moderate,
2-extensive.*? In the CONSIDER checklist, items are scored as O-absent, 1- somewhat discernible,
2-mostly discernible. The complete absence of a criterion was separated from it being minimally
discernible to help distinguish between criteria that are poorly described, but present, from

those that are absent altogether.

ltems in CONSIDER assessing the degree of fidelity maintained or achieved (items 7 and 8) use

75% as a cut-off point. This was based on three factors. The NIH-BCC fidelity checklist developed
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by Bellg et al. and adapted by Borelli et al. defines “high treatment fidelity” in studies when they
scored 80% or greater on checklist items.3? Summerfelt (2003) also calculated the theoretical
impact of a loss of fidelity of greater than 25% on research studies’ statistical power and its
implications for interpreting their outcomes.>® Adherence, and its influence on trial outcomes,
has also been investigated extensively in pharmaceutical research. Systematic reviews of
adherence in pharmaceutical trials report 80% as the most commonly used threshold to define
high adherence.?> Given these findings and the NIH-BCC’s recommendations, achieving or
reporting 75% or greater fidelity or adherence was designated as a scoring criteria for items 7

and 8 in the CONSIDER checklist.

Step 3: Finally, pilot testing (assessing psychometric properties) of the scale was performed,
providing direct experience of using the scale to identify items in need of refinement and to
gauge the scale’s feasibility and acceptability to users. This also allowed assessment of the scale’s
reliability, validity, and usability. This chapter describes the piloting and evaluation of the

CONSIDER checklist study, with the following aims:

AIMS:

|. To determine the inter-rater reliability of the CONSIDER checklist.
Il. To determine the internal consistency of the CONSIDER checklist.
[ll. To survey users about their experience of using the checklist and its ease of use and identify

areas in need of modification or further clarification.
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METHODS AND MATERIALS:

A cross-sectional reliability study was undertaken with a purposeful sample of clinicians,
researchers, trainees, and academics in complex interventions. The reliability study was
conducted following the guidance of Mowbray et al. in “Fidelity Criteria: Development,
Measurement, and Validation???” and the Guidelines for Reporting Reliability and Agreement
Studies (GRRAS).*® Upon consultation with the Institutional Review Board at the author’s
primary institution and the revised US Department of Health and Human Services Protection of

Human Subjects Guidelines*?!, the feasibility and reliability study was exempt from IRB review.

Study materials

First, a dictionary of operational definitions for intervention fidelity and an explanation and
elaboration (E&E) paper with checklist items, scoring criteria, and illustrative examples from the
database of papers included in the thematic analysis in chapter Il (figure 3.2). The E&E paper was
developed from the database of complex intervention papers and thematic synthesis conducted
in chapter Il. The E & E paper serves as both a manual and scoring guide for the CONSIDER
checklist (figure 3.1) and includes illustrative examples from three complex intervention clinical

trial papers for each score option for the checklist’s 8 items.
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CONSIDER Fidelity Checklist

Items to indicate whether
fidelity supported?

Items 1-5 Scoring: 0: Absent  1: Somewhat discernible  2: Mostly discernible

Item 1.

CONSIDER Design Materials: Describes physical or informational materials or methods used to train intervention providers in study
TIDieR item 3 methods or intervention delivery, or to train or help participants in carrying out intervention activities. e.g.:

CERT item 1 Intervention manuals, videos or instructional aids, exercise sheets, etc.

Item 2.

CONSIDER Design, Delivery
TIDieR 4
CERT 8,9,13, SPIRIT 11a

Detailed description of the intervention: Describes what intervention procedures, processes, or activities
providers carried out. Describes what the experimental intervention(s) looks like, includes, or how performed.

Item 3.

CONSIDER Design
TIDieR 9

CERT 14, SPIRIT 11b

Tailoring: If intervention was planned to be, or allowed to be, personalised, titrated or adapted during the trial:
why, when, or how this was to be done. What adaptations may be made?

Item 4.

CONSIDER Design, Delivery
TIDieR 5,

CERT 2: Who

Intervention providers: Describes qualifications, background, expertise, and any training given in the
intervention or study procedures.
Score: 1 if only reports one of: providers’ qualifications/expertise or the training provided.

2 if both described.

Item 5.

CONSIDER Delivery, Receipt
TIDierR 6, 8

CERT 3,4,7,8,9,12, 13
SPIRIT9, 11a

Schedule, duration, intensity, or dose: Reports the number of times the intervention was delivered, or meant
to be, and over what period of time. Was intervention(s) performed individually or in a group, supervised or not,
and where performed (e.g.: home, community, clinic...)?

Was fidelity monitored?

Individual item scoring

Item 6.
CONSIDER Delivery and
Receipt

TIDieR 11
CERT 5
SPIRIT 11c

Fidelity monitoring: Describes strategies planned or used to monitor, maintain, or improve participant
adherence (attendance in intervention sessions or undertaking tasks or interventions required for the study) or
intervention delivery (or performed correctly) as intended in the study protocol or manual. May include terms
such as: fidelity, integrity, adherence, compliance, per protocol.

May describe how these were monitored. Examples: fidelity checklists, audit of session notes, video or audio
recording of intervention sessions, supervision during intervention, participant logs, diaries, worksheets, etc.

Score: O if no monitoring (as above) is reported.
1 if only participant adherence monitored (e.g.: frequency of attendance or exercise, logs, dropout rate).
2 if only intervention fidelity (intervention delivered as per study protocol or procedures) is monitored.
3 If both adherence and intervention fidelity (as defined above) are monitored.

Was fidelity reported?

Individual item scoring

Item 7.
CONSIDER Delivery

Modifications: Was the intervention modified during the study, or were deviations from protocol reported,
including changes to interventions, unintended participant cross-over between groups/interventions?

TIDieR 10 Score: (-2) Unplanned deviations from the protocol are reported, including changed treatment frequency, or
CERT cross over between intervention/control groups, OR less than 75% fidelity achieved (see item 8)
0 if paper does not report/discuss modifications that took place during trial interventions.
1 if tailoring or modifications made, were consistent with the study protocol or intervention manual, or
75%-90% fidelity reported (or can be calculated) if assessed.
2 ifauthors report no, or very few, unintended intervention modifications or deviations from protocol
were made.
Item 8. Fidelity assessment: If the paper reports that participant adherence or intervention fidelity were assessed or

Was fidelity maintained?
CONSIDER Delivery, Receipt

TIDieR 12
CERT 5, 16

monitored: how much, or to what extent, where these achieved? Paper reports:
Score: (-1) If participant adherence or intervention fidelity were measured and either poor (<75%) or not

achieved, or (-2) was scored for Item 7.

0 if no report of adherence measures or fidelity assessment or results are found in the paper
(Impossible to determine).

1 if only participants adherence reported, > 75%

2 if intervention fidelity (interventions delivered as intended is achieved (>75%), but adherence is not
reported in the paper, cannot be calculated, or was not achieved (75% or more).

3 if both adherence and intervention fidelity are reported to be achieved (75% or more).
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Scoring:
Fidelity Supported?

Fidelity Monitored?

Fidelity maintained?

Figure 3.1: CONSIDER checklist

Total of items 1-6: Max score 13

Score 0: “No/poor.” Total of 0-5.

Score 1: “Moderate.” Total of 6-8.
Score 2: “Fidelity supported.” Total > 9.

Score 0: “No.” Scored 0 for items 6 or 7.

Score 1: “Minimal.” Scored 1 on item 6 or any score greater than O on item 7.

Score 2: “Monitoring present.” Scored > 2 on items 6

Score 0: Absent/poor. Scored < 0 on item 8, or -2 item 7.
Score 1: Minimal. Total score of 1initem 8, >0 item 7.
Score 2 Fidelity Maintained: Scored a 2 on item 8.

Score 3: Fidelity and adherence: Scored a 3 on item 8.
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CONSIDER Checklist: Elaboration, explanation, and scoring guide

Item

Description

1.

Materials: Describes physical or informational materials or methods used to train intervention providers in study
methods or intervention delivery, or to train or help participants in carrying out intervention activities. E.g.:
Intervention manuals, videos or instructional aids, exercise sheets, etc.

Score of 1:
Example: “The treatment programme consisted of the regular model, manualized for research purposes.”#0?
Example: “All 3 groups were provided with pedometers and log books to be completed.”4%

Explanation: The first example does not give any detail about what was in the manual, or whom it was given to.
The second does not describe what the logbooks contained or recorded. Neither does it describe if the
participants were trained to use the pedometers, or what kind they were (“phone app, worn at the wrist or
hip...”403). Key details are only partially discernible from the descriptions.

Score of 2:

Example: “Photographic details of the exercise program were distributed to each participant together with a log
book to record the number of days the exercises were performed per week.”4%

Example: “Participants also received written instructions and pictures of the stretching

techniques. A daily log sheet was issued to monitor compliance.” 4%

Example: “A manual was developed to guide the SHELLS intervention. The manual included information on the
theory of change for SHELLS, the process of making books, the SAE strategies, and the use of the SAE strategies
during a home visit. The manual was used to support home visitor training in the SHELLS intervention.”40®

Explanation: These items give detail about what the materials included, looked like, or were for. The third
example indicates how the manual was used for interventionist training.

Detailed description of the intervention: Describes what intervention procedures, processes, or activities
providers carried out. Describes what the experimental intervention(s) looks like, includes, or how performed.

Score of 1:

Example: “Range of motion, muscle strengthening, and endurance exercises form the

base of each class. In this study, classes ranged from 45 to 60 min...”4%”

Example: “Participants were randomly assigned to one of the three intervention groups: a behavioural
intervention and an educational pamphlet on the benefits of walking.... a 12-month supervised community-based
aerobic walking program (SCAWP).”403

Explanation: Neither of these give sufficient details of the intervention to allow another researcher to reconstruct
them. In example 1, the description is very general, and does not give information about the exercises
themselves, or how much of the session each type of exercise made up. In the second example, key questions
arise such as: What is the behavioural intervention? How long, far, or fast is the walking program? It would be
impossible to reproduce the interventions or identify key components.

Score of 2:

Example: “One group performed the cross-body stretch alone by passively pulling the humerus across the body
into horizontal adduction with the opposite arm, without concern for scapular stabilization (Figure 4). Each
patient performed 5 repetitions of the cross-body stretch, holding each for 30 seconds.”*%

Example: “Functional strengthening exercises were performed in a circuit and were organized as a row of four
exercise stations. The exercises included step-ups, chair squat,

standing hip extension, and knee mid-flexion to end-range extension (in sitting position), utilizing body weight as
resistance.” 408

Explanation: The description of the interventions in both passages makes it possible for it to be re-created by
another practitioner. The papers also describe how participants should be positioned for exercises, or specific
ones to be performed.

Intervention tailoring: If intervention was planned to be, or allowed to be, personalised, titrated or adapted
during the trial: why, when, or how this was to be done? What adaptations may be made?

Score of 1:

Example: “this study instruction in dialogic reading was modified for community-based implementation.”4%®
Example: “The home-exercise prescription was standardized for use

across the trial centres, yet still allowing for minor case by case variations.”410
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Explanation: In both examples, the papers report interventions were modified/adapted for use in another setting,
or in response to case-by-case variations, but do not give any detail about how that was done, or what kind of
variations were eligible.

Score 2:

Example: “The standard elements of the treatment were then tailored, such that each participant's clinical
presentation (e.g., strength, pain severity, swelling) as well as the presence of co-morbidities (e.g., back and hip
pain or pathology) were taken into consideration, and exercises were chosen and progressed by the
physiotherapist based on each participant's response to exercise load.”32

Example: “The exercise program was designed, delivered, and supervised by a physiotherapist and an exercise
specialist, based on frequency, intensity, type, and time (FITT) training principles. The exercise intensity varied
according to individualized functional capacity and increased progressively every week according to the ease of
performance.”41t

Explanation: Both examples give a detailed description about how the intervention was or planned to be/allowed
to be modified during the trial, and on what criteria it was based on. If a study protocol is available, it may be
necessary to search the protocol for information related to tailoring, or limits of adaptation that was planned, a
priori.

Intervention providers: Describes qualifications, background, expertise, and any training given in the intervention
or study procedures.
Score: 1 if only reports one of: providers’ qualifications/expertise or the training provided.

2 if both described.

Score of 1:
Example: “These sessions were supervised by fitness leaders in collaboration with an exercise physiologist.”**2

Explanation: This example tells the reader that an exercise physiologist participated, but not whether or how the
physiologist was received additional training in the intervention or procedures specifically for the trial they
participated in.

Score of 2:

Example: “Nine physiotherapists in private practices delivered both interventions. They had an average of 12
years (range 2—30 years) of clinical experience with musculoskeletal disorders. Three (30%) of these
physiotherapists had postgraduate master’s degree—level qualifications. All of the physiotherapists attended a 3-
hour training session and were given a treatment manual.”*3

Example: “These home visitors were native Spanish speakers and had at least 3 years of experience working with
children and families. One of the home visitors had a master’s degree, and the other home visitor was a former
Head Start parent and high school graduate. SHELLS. SHELLS home visitors were trained in how to implement the
SHELLS intervention in a 2-day training session led by one of the SHELLS developers. The SHELLS training manual
guided the training activities. Videotaped examples of the intervention implementation were reviewed, and role-
playing episodes were practiced.” 4%®

Explanation: In these 2 examples, both the interventionists specialty or discipline (exercise physiologist,
physiotherapist with 2-30 years-experience) and the training they received as part of the clinical trial (3-hour
training session and manual, training in exercise prescription and counselling/supervision) are described.

Schedule, duration, intensity, location, or dose: Reports the number of times the intervention was delivered, or
meant to be, and over what period of time. Was intervention(s) performed individually or in a group, supervised
or not, and where was it to be performed (e.g.: home, community, clinic...)?

Score of 1:

Example: “a 12-month supervised community-based aerobic walking program.”

Example: “Range of motion, muscle strengthening, and endurance exercises form the

base of each class. In this study, classes ranged from 45 to 60 min and were taught two to five times per week
depending on the pool location.”*%7

Explanation: The first example’s description does not provide key details about the frequency, duration, or
intensity of the experimental intervention. In the second example, the description is imprecise. The frequency and
duration are given as a range, but the range is large (2-5 times per week), making it difficult to discern the actual
frequency participants achieved. It is also not possible to determine if the classes were individual or group,
supervised or un-supervised.

Score of 2:
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Example: “The training program for the EXE group consisted of 150 min/wk in 2 supervised sessions of
progressive mixed (aerobic and resistance) training. Exercise load for each equipment was calculated to achieve
prescribed exercise intensity, expressed as percentage of maximal oxygen consumption (V' O2max), by the use of
standard equations.”4*

Example: “For exercise at home, patients were encouraged to undertake 30 minutes of moderate intensity
exercise, combining cardiovascular and resistance training, 5 days a week. Patients were given a resistance band
and a pedometer to self-monitor steps count.”4

Explanation: Both examples provide the frequency and intensity of the intervention, where they took place, or if
they were supervised or not.

Was fidelity monitored?

6.*
Delivery

Fidelity monitoring: Describes strategies planned or used to monitor, maintain, or improve participant adherence
(attendance in intervention sessions or undertaking tasks or interventions required for the study) or intervention
delivery (or performed correctly) as intended in the study protocol or manual. May include terms such as: fidelity,
integrity, adherence, compliance, per protocol.

May also describe by whom or how. E.g.: investigators, supervisor, or therapist audit of session notes, video of
intervention, audio recordings, supervision during intervention, participant logs, fidelity checklists, etc.

Score: 0 if no monitoring (as above) reported.
1if only participant adherence monitored (e.g.: frequency, logs, drop out).
2 if only intervention fidelity (intervention delivered as per study protocol or
procedures) is monitored.
3 If both participant adherence and intervention fidelity (as defined above) are
monitored.

Score of 1:

Example: “The speech and language therapists delivering this intervention completed a

questionnaire at the end of the therapy phase. The aims of this questionnaire were to

quantify the hours of therapy delivered”4%>

Example: “Adherence was assessed by the number of physiotherapy sessions attended and by the number of
home exercise sessions completed, as recorded by patients in a logbook. The percent home exercise adherence
was calculated by dividing the number of sessions completed by the maximum required number of 48.”413
Example: “Parents were telephoned weekly to maintain contact and to remind them to read with their child.”
Huebner

Explanation: In both cases, frequency counts (logs or questionnaires) are used to monitor the amount of
intervention delivered or performed. Other examples could include attendance logs or sign-in sheets. These
papers do not monitor what was done during sessions (how intense the physical activity, or how similar to the
demonstrated speech therapy). The third example describes a strategy used to enhance or ensure adherence.

Score 2:

Example: “To address fidelity, videotaped observations of home visits were rated using the Home Visitor
Facilitation of Parent—Child Interaction, Parent Engagement, and Child Engagement subscales of the Home Visit
Rating Scales. An additional SHELLS Implementation subscale was developed specifically for the SHELLS project to
measure the home visitor’s fidelity to SHELLS strategies.”*%

Example: “A qualified exercise specialist ensured that all exercises were being performed

safely and within the prescribed intensity range. In the first 2 weeks, the exercise specialist supervised all three
sessions...” “Week 1 of the program was an introductory week so that patients could learn and practice each
exercise while being supervised by the exercise specialist.”41®

Explanation: These examples demonstrate monitoring of the quality of the intervention being delivered, or
whether the intervention was being performed as was intended in the study protocol, and as the interventionists
were trained to deliver (first example). In the second example, the researchers are assessing whether the
participants can perform the intervention activities correctly, and as intended in the study protocol.

Score of 3:

Example: “A weekly therapies log was collected... parents were asked to practice PRT daily and video record at
least 10 min each week for review during group.... All intervention sessions were videotaped and at least two
sessions per child were chosen at random and coded using a fidelity checklist. At least 80% correct on each of six
PRT techniques was required to meet fidelity criteria.”4’

Explanation: The paper describes how attendance, or adherence, was monitored (therapy log), as well as how
fidelity (quality of intervention delivery or performance) was monitored.
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Was fidelity reported?

7. Modifications: Was the intervention modified during the course of the study, or were deviations from protocol
Delivery reported, including changes to interventions, unintended participant cross-over between groups/interventions?

Score: (-2) Unplanned deviations from protocol are reported, including changes to
treatment frequency, or cross-over between intervention/control groups by
providers or participants, or less than 75% fidelity if assessed (see item 8)
0 if paper does not report/discuss modifications that took place during in-trial
interventions.
1 if tailoring or modifications were made, they were consistent with the study
protocol or intervention manual, or 75%-90% fidelity reported if assessed.
2 if authors report no, or very few, unintended intervention modifications or
deviations from protocol were made, or >90% fidelity (if assessed).

Score of (-2):

Example: “No parent met fidelity of implementation at baseline. At week 12, 21 of 25 parents in PRTG, and none
in the PEG, met fidelity of PRT implementation.”4'”

Example: “There were differences in how the treatments were delivered due to time constraints for the nursery-
based group. Activities 4 and 6 were not carried out as part of these group therapy sessions and the groups
differed in how activity 3 was delivered in terms of therapy approaches .... substantial variability in the frequency
that teachers followed the reading group schedule that was conveyed to them as part of the training.”*#
Example: “...participants in the control group [low-level daily physical activity] had a high level of activity
throughout the study, and many exercised using HIIT [the high intensity interval training intervention]. This might
have affected the study’s ability to detect statistically significant differences between groups”®

Example: “Despite requests not to change their anti-diabetic medications unless they suffered hypoglycaemia,
significant changes to medication (increase or decrease by >10% of insulin dose or 1/3rd of oral anti-diabetic
medications) occurred in seven subjects.”*?2

Explanation: In the first example, fidelity was not achieved for two of the three treatment groups. This means
that participants were not performing the intervention as they were trained to, or instructed to, so that the
intervention performed was different than what was planned, and the modifications departed from the
intervention protocol.

In the second example, some of the required activities were not performed, and others were performed
differently (departing from the protocol) in some groups.

In the third example, there was crossing-over and mixing of participants between the control and experimental
interventions. Participants in the control group were performing the experimental intervention, though they were
not meant to. This creates poor fidelity.

The fourth example reveals a significant, unexpected departure from the study protocol.

Score of 1:

Example: “Subjects in the home exercise group were allowed to ride a stationary bicycle if they stated that riding
a bicycle was currently part of their exercise routine or if they could not walk for safety reasons.”42

Explanation: In this example, pre-allowed adaptation to the intervention, allowing use of a stationary bike if
participants were unable to walk safely, was consistent with the study protocol.

Score of 2:

Example: “Consultants (interventionists) completed 610 visits and submitted 138 (23%) videos and write-ups (of
visits) for review; each consultant was rated for at least 22 submissions. Nearly, all (97%) submissions reached
criteria.”*?

Example: “Mean results from the HOVRS provided evidence of effective implementation. These results indicate
that the curriculum was being implemented as intended, the home visitors were responsively and effectively
facilitating parent—child interaction, and parents and their young children were highly engaged in the home visit
activities.”4%

Explanation: In this example, the investigators monitored intervention delivery throughout the trial. Here, they
report that the intervention was delivered according to the criteria set out in the study protocol and intervention
manual to a very high degree.

8. Fidelity assessment: If the paper reports that participant adherence or intervention fidelity were assessed or
Delivery, Receipt monitored: how much, or to what extent, where these achieved?
Was fidelity achieved?
Score: -1 If participant adherence or intervention fidelity were measured and either are poor
(<75%) or not achieved, or (-2) was scored for Item 7.
0 if no report of adherence measures or fidelity assessment or results are
Included in the paper (impossible to determine).
1 if only participants adherence reported, > 75%
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2 if intervention fidelity (interventions delivered as intended is achieved
(>75%), but adherence is not reported or achieved.

3 if both adherence and intervention fidelity are reported to be achieved (75% or
more).

Score of (-1):

Example: “Mean (s.d.) adherence to the RT program was 71+22% with 63% of the

intervention group performing at least two-thirds (67%) of the sessions.” “... the lower adherence to RT in our
study compared with laboratory-based studies may ...”4®

Example: In item 7, the third example shows cross-over of participants between the experimental intervention
and control group activities, and scores a (-2). This paper would also score a (-1) here for item 8.

Explanation: These examples show poor levels of adherence and fidelity in the first example. The second example
was scored (-2) in item 7.

Score of 1:

Example: “The median percentage of home exercise sessions completed was 82% (IQR 31%) by the NEXA group
and 91% (IQR 26%) by the QS group.”*13

Example: “The majority of the children in both the Intensive and the Nursery-based groups

attended all sessions. Two of the eight children in the Intensive group missed one session, and one child in the
Nursery-based group missed two sessions.”4%>

Explanation: Both examples show that more than 74% of intervention sessions were attended or completed.

Score of 3

Example: “For 89% of the families, all three sessions were held.” “Results from applying this [fidelity] checklist to
77 intervention sessions (at least 2 intervention topics were selected at random for each child) revealed that
88.3% showed fidelity scores above 80% (M= 89.6%; SD = 9.0).”42

Example: “Mean results from the HOVRS provided evidence of effective implementation. These results indicate
that the curriculum was being implemented as intended, the home visitors were responsively and effectively
facilitating parent—child interaction, and parents and their young children were highly engaged in the home visit
activities.”4% [Paper reports adherence maintained as well]

Explanation: In both examples, adherence was maintained (sessions were attended or activities performed
sufficient number of times), and fidelity monitoring indicated that the interventions were implemented with high
levels of fidelity.

Figure 3.2: CONSIDER Explanation, elaboration and scoring guide

Clinical trials selection

Given that the CONSIDER checklist will be utilized to assess fidelity and fidelity reporting in a
variety of studies, interventions, and study populations across rehabilitation disciplines, three
clinical trial papers were randomly selected from the database of eligible papers found in the
systematic review in chapter Il using the randmomizr package in STATA 16.1. Three papers were
chosen, rather than just one, to minimise the risk of the randomly selected paper being one with

little or no information about fidelity for checklist-users to assess and to increase opportunities
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to assess the performance of the checklist with a greater number of descriptions and degrees of
completeness of fidelity reporting. The first block of three papers was chosen for the reliability
study. These papers were two randomised controlled trials of interventions in speech-language

therapy*?>#?* and one of physiotherapy for knee osteoarthritis*?>. These were first assessed

with the CONSIDER checklist by the thesis author (table 3.1).

CONSIDER item 1 2 |3 (4 |5 (6 |7 |8 |9 Was
Fidelity

RCT Supported?
(Add 1-6)

1. Pile, 2010 2 2 1 2 2 3 0 3 1

2. Tyler,2011 1 2 1 2 2 1 2 1

3. Pollard, 2018 0 2 2 0 2 0 0 0 1

Table 3.1: CONSIDER, reference assessment

Survey about the checklist

Participants also received a 7-item survey (figure 3.3) designed to gather information about their
experiences using the checklist and identify checklist items that may need further elaboration.

Descriptive statistics were used to quantify the results of participants’ surveys.
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CONSIDER Survey

1. How would you describe your current profession or role?

‘ 1: Clinician | 2. Researcher | 3. Academic ‘ 4. Any combination of 1-3 | 5. Other (please describe below) |
Other:

2. What is your level of comfort with critical appraisal or review of scholarly publications (journal
articles)?

1: None 2. Alittle 3. Moderately 4. Mostly 5. Very comfortable
\ | | \ | |

3. Before reading the CONSIDER overview using the tool, how familiar were you with intervention fidelity?

‘ 1: None | 2. Alittle familiar | 3. Moderately familiar ‘ 4. Mostly familiar | 5. Very familiar |

4. After reading the CONSIDER overview and appraising paper with the tool, how familiar are you with
intervention fidelity?

‘ 1: Same | 2. Alittle more familiar | 3. Moderately more familiar | 4. Much more familiar |

5. With your first paper, how difficult did you find it using the CONSIDER tool to appraise fidelity?

[ 1. Not difficult [ 2. Alittle difficult [ 3. Moderately difficult [ 4. Very difficult |

6. By your third paper, how difficult did you find it using the CONSIDER tool to appraise fidelity?

[ 1. Not difficult [ 2. Alittle difficult [ 3. Moderately difficult [ 4. Very difficult |

6. How likely are you to consider a study’s intervention fidelity or adherence when reading a trial
publication or journal article after this experience?

‘ 1: Not likely | 2. Alittle likely | 3. Moderately likely ‘ 4. Very likely |

7. Did you find any items particularly easy or difficult to appraise, based on the descriptions in the
CONSIDER tool?

Figure 3.3: CONSIDER survey

Participant (rater) sample size

The number of participants needed to assess the three selected papers with the CONSIDER
checklist was determined using a sample size calculation based on the sample size formula for
testing and estimating alpha coefficients derived by Bonett.#*?® The coefficient of Cronbach’s
alpha in the null and alternative hypothesis were set to be equal to 0.0 and 0.7, respectively.

Based on an alpha value of 0.05, the minimum sample size required to achieve a power of 80.0%
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was 14. Twenty participants were invited to take part in the study to ensure recruitment of the

minimum sample.

Selection of participants

Participants were chosen through purposive sampling of complex intervention healthcare
practitioners, researchers, and academics in the author’s network of contacts. A heterogenous
group of participants was invited to participate, representing the likely future users of the
CONSIDER checklist. Potential participants included members of the IDEAL Collaboration (an
international research group for the development and evaluation of complex interventions in
healthcare), and clinicians and researchers in the Bouvé College of Health Sciences of
Northeastern University, Boston, Massachusetts, the Department of Health, Kinesiology and
Applied Physiology of Concordia University, Montréal, Canada, and the Harvard Medical School,

Boston Massachusetts.

Potential participants had to meet the following criteria:

1. Have at least 5 years of clinical practice in a complex intervention profession in
healthcare (rehabilitation, physical activity or exercise interventions, surgery, or physical
medicine and rehabilitation-physiatry) OR

2. Atleast 5 years of experience in health professions education in one of the professions in
criterion 1.

3. Have critically appraised or reviewed at least 5 scholarly papers in the previous 5 years.
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Reliability Study
Participants agreeing to take part in the reliability study received an email describing the
purpose, required actions, and timeline of the study and re-affirming their ability to withdraw

participation at any time. The email contained the following attachments and instructions:

1. An overview of the project.

2. The CONSIDER Fidelity checklist: you will use this to appraise three papers for fidelity.

3. A scoring examples and elaboration paper that will help you use the checklist to
appraise the papers.

4, A scoring sheet for the papers (I suggest scoring them in the order they appear in the
score sheet).

5. Three papers to appraise. These were randomly selected from the database of trial
publications for surgery, physiotherapy, rehabilitation therapies, speech therapy,
physical activity, and exercise interventions.

6. A brief survey to complete after you have appraised the three papers.

Participants were instructed to read the reliability study description and key terms first, followed
by the checklist, then the E&E paper before reading and assessing the three studies with the
CONSIDER checklist. Participants then independently assessed the three papers with the
checklist and entered the results on a customized scoresheet (table 3.3). The Items on the

checklist were scored ordinally (figure 3.1). For example, items 1-5 could be scored as 0 (absent),
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1 (somewhat discernible), 2 (fully discernible). Once they completed the three assessments and

survey, both the score sheet and survey were returned to the researcher (AP) by email.

Participants did not receive any prior training in fidelity assessment and were not familiar with
the CONSIDER checklist. They did not receive any additional training in using the checklist and
were not able to ask the thesis author any questions about the checklist or how to administer it.

They were not aware that their scoring would be compared to others’.

Data analysis

The checklist’s reliability and internal consistency, or the degree to which items on the
checklist are correlated with one another, were evaluated by calculating Cronbach’s o in
Microsoft Excel.*?” The responses in the CONSIDER score sheet were entered into an Excel
spreadsheet. First, a two-factor ANOVA without replication was calculated for the checklist item
scores. From these results, Cronbach’s alpha was then calculated as 1-(Mean squared error /

Mean squared row) and interpreted according to Cronbach’s criteria.*?®

Inter-rater reliability was evaluated by calculating percentage of agreement*% in participants’
ratings of fidelity items across items on the CONSIDER checklist, Cronbach’s alpha (a), and
Cohen’s kappa®?? statistics. Percentage agreement and coefficients were based on the

mean of ratings and scores for each item and paper from all participants. Percentage agreement
represents how often participants assigned the same score to CONSIDER checklist items across

the three papers. The percentage agreement was calculated in Microsoft Excel as the number of
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matching ratings divided by the number of applicable items for each article:

The number of agreements (with the reference results)/(agreements + disagreements) x 100%

Results could vary from 0.01 to 1.0, with higher numbers indicating greater agreement. A
percentage agreement of equal or greater than 80% was considered adequate.**° Standard
deviations and variance were calculated for each CONSIDER item. The mean percentage
agreement for each CONSIDER checklist, mean percentage agreement and standard deviation

across all raters for each paper and across all three papers was calculated. The mean standard

deviation for mean ratings across all items and all three papers was calculated as the square root

of the average variance across all items.*3*

Interrater agreement and reliability were also assessed with Cohen’s kappa statistic, a chance-

corrected measure of agreement between raters, using the “kap” command (more than two

ratings, constant number of unique raters) in STATA 16.1.4° The kappa statistic was interpreted

according to Cohen’s criteria (table 3.2).4%°

Cronbach’s alpha | rating Cohen’s Kappa | agreement

.01-.60 Unacceptable | <0as none

.61-.70 Fair 0.01-0.20 none to slight

.71-.80 Acceptable 0.21-0.40 fair

.81-.90 Good 0.41-0.60 moderate

.91-1.00 Excellent 0.61-0.80 substantial
0.81-1.00 excellent

Table 3.2: Agreement and interrater reliability ratings
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RESULTS

Sixteen participants agreed to assess 3 papers with the CONSIDER checklist. These included 4
physiotherapists, 2 speech-language pathologists, 2 surgical fellows, 2 researchers with a
background in rehabilitation, 2 academics with a background in rehabilitation sciences, 2
doctoral physiotherapy doctoral students and 2 researchers in complex interventions. One
participant was unable to complete the fidelity assessments due to unforeseen circumstances.
Of the 15 participants who completed the assessment, 4 participants were in Canada, 4 in the
United Kingdom, and 7 in the United States. Assessment of papers began in September 2021 and

ended in November 2021.

Reliability and internal consistency

Inter-rater agreement for the 15 participants was high, with a Cohen’s kappa of 0.861 (table
3.3). The CONSIDER checklist had good internal consistency, with a total Cronbach’s a of 0.82.
The 15 raters also achieved a high percentage agreement with the reference ratings across the
checklist’s 9 items (8 checklist items and one summary question). The mean total percent
agreement (table 3.3) between the participants’ and reference ratings for all items across the
three papers and 9 checklist items was 92.9% (SD 0.391 between individual item ratings) and
ranged from 83.3% (item 3- intervention tailoring) to 97.9% (items 2-intervention description
and 5- schedule, duration, dose). The percentage agreement across all three papers was
consistently lowest for item 3 (intervention tailoring), ranging from 81.25% for the first and

second paper, and 87.5% for the third paper.
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CONSIDER Item 1 2 3 4 5 6 7 8

% Agreement % % % % % % %
1. Pile, 2010 100 100 81.25 93.75 93.75 | 93.75 | 93.75 | 93.75
2. Tyler, 2011 87.5 100 81.25 87.5 93.75 87.5 87.5 87.5
3. Pollard, 2018 100 93.75 87.5 93.75 100 | 93.75 | 93.75 100
Mean % agreement 95.83 97.9 83.3 91.6 97.9 91.6 91.6 | 93.75
SD

7.22 3.61 3.61 3.61 3.61 3.61 3.61 6.25
Mean total % 92.9 mean variance  0.153 Mean SD 0.391
agreement between between
items (all) items (all)

Cronbach’s alpha 0.82
All items
Cohen’s kappa combined 0.861 Z=919 prob>z 0.0000
16 raters/item

Table 3.3: Percentage agreement across CONSIDER items.

CONSIDER Survey

Fifteen participants completed checklist survey (table 3.4). On average, participants reported
being mostly comfortable with critical appraisal (score of 4, item 2) of trial publications, but only
a little familiar with intervention fidelity (score 2 item 3), before participating in the reliability
study. After reading the E & E materials and assessing the three papers, participants reporting
being “moderately more (score of 3)” to “much more (score 4)” familiar with intervention fidelity
(mean 3.4 item 4). On average, participants reported moderate difficulty appraising fidelity in
the first paper they rated (average score 3, item 5), and “none” to “a little” difficulty by their
third paper (average score 1.8, item 6). Across the 15 surveys, 13 of 15 participants reported
they would be very likely to consider intervention fidelity when reading or appraising trial papers
in future (average score 3.9, item 7). Fourteen of the fifteen participants reported finding the
CONSIDER checklist a useful tool for evaluating intervention fidelity in complex intervention

clinical trial papers, with one participant not commenting on the usefulness of the tool.
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All the participants reported finding the E & E paper a helpful resource when using the

CONSIDER tool. Nevertheless, six participants reported having difficulty appraising at least 1

CONSIDER checklist item, with 7 participants reporting having difficulty appraising item 3, or

whether trialists identified allowable intervention tailoring and modification as part of the study

protocol, and 2 participants reporting difficulty differentiating item 3 from item 7, or whether

modifications to the intervention were made during the trial.

1 2 3 4 5 6 7 8

Survey Current | Comfort Prior After using | With 1%t paper, | By 3" paper, How likely to Any items

items Role? level familiarity CONSIDER how difficult how difficult consider Difficult to
With with how was it to use was it to use fidelity when appraise with
critical Intervention familiar CONSIDER? CONSIDER? reading CONSIDER
Appraisal? | fidelity? with trial papers (number)?

fidelity? now?

Participant

1 4 4 2 4 3 2 4 0

2 4 4 2 3 3 1 4 7

3 4 4 2 4 4 2 4 3

4 1 3 2 4 3 2 4 0

5 4 5 5 4 2 1 4 3

6 2 4 2 3 3 2 4 0

7 4 5 5 3 3 2 4 0

8 4 2 1 3 2 3 3 3

9 2 3 3 4 3 2 3 0

10 4 4 2 3 3 1 4 3

11 1 3 1 3 3 2 4 0

13 1 3 1 3 3 1 4 7

14 1 3 1 3 4 2 4 0

15 1 3 2 4 3 2 4 0

14 2 4 2 3 3 2 4 0

Mean 3.5 2.1 3.4 3 1.8 3.9 n/a

Mode 4 2 3 3 2 4 0

Scoring: Questions 2 and 3: Score 1: none, 2: A little, 3: Moderately, 4: Mostly, 5: Very
Question 4: Score 1: Same, 2: A little, 3: Moderately, 4: Much more
Questions 5-6: Score 1: Not, 2: A little, 3: Moderately, 4: Very

Table 3.4: CONSIDER survey
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Participants comments were also collated and grouped thematically (table 3.5). The participants
had mostly positive feedback about the CONSIDER checklist (tables 3.4 and 3.5). Comments
identified helpful aspects of the checklist, such as the elaboration, explanation and scoring guide,
and the checklist construct (fidelity in three interacting components: Design, delivery, and
receipt). Reflecting the results of the percentage agreement analyses, items 3 and 7, addressing
prespecified, allowable tailoring and adaption of interventions (item 3), and unplanned
modifications to interventions or deviations from the protocol (item 7) were described as more
challenging to assess. One participant described difficulty distinguishing between these, while
another described difficulty determining when tailoring was being described. Another comment
suggested modifying the description of item 3 to further clarify what kinds of adaptions, and by
whom, would be included under “tailoring.” A learning curve effect was also described, with 4
participants reporting that they found it easier to use the checklist and identify the criteria in the
sample of papers after assessing the first and second papers. This was expected, as the
participants had not received any prior training with the checklist or in intervention fidelity as

part of this study.
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the checklist

Code Feedback from participant
Overall “The detailed explanation and examples made it easy to follow and apply the items in regards
feedback to the different writing/journals’ styles.”
“The CONSIDER checklist is a useful tool that can easily assess clinical trials for fidelity.”
“I was not really that aware of fidelity before this, but now wonder why | don’t hear about it
more. The checklist is very helpful but | think also raising questions about a study generally. We
discussed this in our next journal club.”
Helpful “Construct was easy to follow.”
aspects of “The attached overview, key terms and scoring examples and elaboration were helpful.”

“The examples and explanations were very helpful.”
“It helped to have definitions for fidelity and adherence. There were different words used to

describe similar concepts in the papers. It helped that they also in the checklist at examples.”

Items that

were easy to

“The first 5 items in the scoring checklist are easy to follow, understand and to look for while
reading the papers. Number 6, 7 and 8 require a more careful look at the data. “

hard to assess

assess “For the items 1, 2, 4, 5, and 6 are easy to appraise.”
Items that “I found tailoring somewhat difficult to determine.”
were “It was initially challenging to separate the concept of tailoring and modification. “

“Some parts of the articles are in grey area and hard to use this tool to evaluate. Especially for
items 3 and 7, most of the article are not directly mention the involved modification.”

“I found the articles not related to my field (Speech and Language) somewhat difficult to
understand and therefore more difficult to appraise.”

“Overall, | find scoring easier when more objective measures are present, leaving less to my

personal subjective judgement.”

Suggested
modifications

“For number 3, the tailoring, it asks “what adaptions may be made?” This made me wonder if
you meant adaptations made by the therapists, or the patients, or the people running the
study? | think it would help if this could be clarified.”

“If the research is not including home program exercise, the description of the adherence could
be modified, such as the attendance of each session.”

“Perhaps an entire article could also be used as an example prior to scoring a first article. This
practice article would help ensure the scorer can find all the relevant items and score them
appropriately.”

Learning curve

“With the first article, the items were more difficult to appraise even with the detailed
examples and explanations due to their non-sequential order in the articles. By the third article,
it was easier to find the items or their absence and score accordingly.”

“Every paper had differences in style, reported information, which made it necessary to take
the concepts in the Checklist score and apply them in different ways. It got easier with
practice.”

“With practice, it became easier to use the checklist, and easier to see fidelity.”

Table 3.5: User comments and suggestions
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Revised checklist

As a result of the participant survey responses, minor modifications were made to the checklist
(figure 3.4). Item 3 (tailoring) was modified to clarify that it refers to allowable adaptations that
can be made by the interventionist (researcher, investigator, therapist, treatment provider) to
the intervention when tailoring is needed for individual participants. Examples of reasons for
tailoring were added to the description. Additional examples of tailoring from published trials
were also added to the explanation, example, and scoring guide. The wording of item 6 was also
modified to clarify participant adherence. One participant’s survey response recommended
creation of a training set of at least one trial paper and accompanying CONSIDER assessment.
Such a training set can be developed for future users of the checklist, complementing the

elaboration, explanation and scoring guide.
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Items to indicate whether
fidelity supported?

Items 1-5 Scoring: 0: Absent  1: Somewhat discernible  2: Mostly discernible

Item 1.

CONSIDER Design Materials: Describes physical or informational materials or methods used to train intervention providers in study
TIDieR item 3 methods or intervention delivery, or to train or help participants in carrying out intervention activities. E.g.:

CERT item 1 Intervention manuals, videos or instructional aids, exercise sheets, etc.

Item 2.

CONSIDER Design, Delivery
TIDieR 4
CERT 8,9,13, SPIRIT 11a

Detailed description of the intervention: Describes what intervention procedures, processes, or activities
providers carried out. Describes what the experimental intervention(s) looks like, includes, or how performed.

Item 3.

CONSIDER Design
TIDieR 9

CERT 14, SPIRIT 11b

Tailoring: If intervention was planned to be, or allowed to be, personalised, titrated or adapted for individual
participants during the trial: describes why, when, or how adaptations may be made. For example, how or when
might exercise intensity or duration be increased or intervention progression occur? Can an intervention be
modified for persons with mobility impairments or mobility aids, or delivered remotely vs in person?

Item 4.

CONSIDER Design, Delivery
TIDieR 5,

CERT 2: Who

Intervention providers: Describes their qualifications, background, expertise, and any training given in the

intervention or study procedures.

Score: 1 if reports one of either the providers’ qualifications/expertise OR the training provided for the study.
2 if both described.

Item 5.

CONSIDER Delivery, Receipt
TIDierR 6, 8

CERT 3,4,7,8,9,12, 13
SPIRIT9, 11a

Schedule, duration, intensity, or dose: Reports the number of times the intervention was delivered, or meant
to be, and over what period of time. Was intervention(s) performed individually or in a group, supervised or not,
and where performed (e.g.: home, community, clinic...)?

Was fidelity monitored?

Individual item scoring

Item 6.
CONSIDER Delivery and
Receipt

TIDieR 11
CERT 5
SPIRIT 11c

Fidelity and adherence monitoring: Describes strategies planned or used to monitor, maintain, or improve
participant adherence (attendance in intervention sessions or undertaking tasks or interventions required for
the study) or intervention delivery (or performed correctly) as intended in the study protocol or manual. May
include terms such as: fidelity, integrity, adherence, compliance, per protocol.

May describe how these were monitored. Example: fidelity checklists, audit of session notes, video or audio
recording of intervention sessions, supervision during intervention, participant logs, diaries, worksheets, etc.

Score: O if no monitoring (as above) is reported.
1 if only participant adherence monitored (e.g.: frequency of attendance ,exercise, logs, dropout rate).
2 if only intervention fidelity (intervention delivered as per study protocol or procedures) is monitored.
3 If both adherence and intervention fidelity (as defined above) are monitored.

Was fidelity reported?

Individual item scoring

Item 7.
CONSIDER Delivery

TIDieR 10
CERT

Modifications: Was the intervention modified during the course of the study, or were deviations from protocol
reported, including changes to interventions, unintended participant cross-over between groups/interventions?
Score: (-2) Unplanned deviations from the protocol are reported, including changed treatment frequency, or
cross over between intervention/control groups, OR less than 75% fidelity achieved (see item 8)
0 if paper does not report/discuss modifications that took place during trial interventions, or not
reported and cannot be calculated.
1 if tailoring or modifications made, were consistent with the study protocol or intervention manual,
or 75%-90% fidelity reported (or can be calculated) if assessed.
2 if authors report no, or very few, unintended intervention modifications or deviations from
protocol were made.

Item 8.
Was fidelity maintained?
CONSIDER Delivery, Receipt

TIDieR 12
CERT 5, 16

Fidelity assessment: If the paper reports that participant adherence or intervention fidelity were assessed or
monitored: how much, or to what extent, where these achieved? Paper reports:
Score: (-1) If participant adherence or intervention fidelity were measured and either poor (<75%) or not
achieved, or (-2) was scored for Item 7.
0 if no report of adherence measures or fidelity assessment or results are found in the paper
(Impossible to determine).
1 if only participants adherence reported, > 75%
2 if intervention fidelity (interventions delivered as intended is achieved (>75%), but adherence is
Not reported in the paper, cannot be calculated, or was not achieved (75% or more).
3 if both adherence and intervention fidelity are reported to be achieved (75% or more).

Figure 3.4: Revised CONSIDER checklist
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DISCUSSION

This study investigated the CONSIDER checklist’s inter-rater agreement, internal consistency, and
inter-rater reliability across 3 clinical trial papers and 552 item and survey ratings by 15
independent raters (participants). CONSIDER is a reliable, internally consistent checklist for
assessing intervention fidelity in complex intervention clinical trial papers. Overall, percentages
of agreement for the checklist items were high, with raters often choosing the same response
options when assessing fidelity in the selected trial publications. The checklist items also have
good reliability and internal consistency (the degree to which items on the checklist are
correlated with one another), with Cronbach’s o of 0.82. A high Kappa coefficient (0.861)
confirmed the checklist’s inter-rater reliability and the extent to which the items described in the
checklist are likely correct representations of the variables being measured. The high kappa
coefficient also indicates that individual items could be distinguished between papers when

participants used the checklist.®

Although percentage of agreement was high 92.9% (range 81%-100%, mode 93.3%), users of the
checklist achieved the lowest percentage agreement and reported difficulty assessing item 3-
planned intervention tailoring to individual participants, and item 7, unplanned modifications
made to interventions during the trial, or differentiating between them. Tailoring and adaptation
of interventions during clinical trials are often poorly documented and reported in the body of
literature for complex interventions!?14>3%2432 despite their inclusion in the Standard Protocol
ltems: Recommendations for Interventional Trials (SPIRIT) statement (item 11b: criteria for

intervention modifications)?®, TIDIER checklist (item 9: tailoring and item 10: modifications) in
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2014%° and CERT (item 14: tailoring and 16: how well-planned vs actual) in 2016.*>* A number
of systematic reviews of complex intervention implementation have found poor reporting of

intervention tailoring or adaptation.46:199,200,396,433

A meta-analysis of reporting of experimental and control therapies in 215 Stroke rehabilitation
trials by Lohse et al. (2018) found that reporting of how interventions were tailored to individuals
or modified during trials was generally poor, despite the wide range of participant differences in
functional ability, age, and cognitive status within trials.*®® Similarly, a systematic review of
sports injury trials found only 12% of all included studies reported aspects of intervention
tailoring or modification.**® Ribeiro et al.’s (2021) appraisal of clinical trials included in a
Cochrane review of exercise therapy for the management of shoulder pain also found that only 2
of 10 trials reported any (only partial) information about whether interventions were modified,

and none reported pre-determined allowable intervention tailoring or adaptation.3%®

These findings and the participants’ experience with items 3 and 7 may also reflect the inherent
challenges of defining®3?, documenting, and reproducing complex interventions.>’ Interventions
in physiotherapy, speech-language therapy and other rehabilitation domains are highly
individualized in their application and delivery.>” It can be difficult to predict or report precisely
how complex interventions may be, or have been, tailored for individual participants or
settings.'? Pre-specifying allowable tailoring and adaptation also requires understanding of

|Il

interventions’ essential “active ingredients,” or the treatment elements producing patient

outcomes, and differentiating them from intervention components that can be modified without
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substantially altering the intervention’s mechanisms of action or patient outcomes.?04262:392

This can prove challenging in complex interventions such as those in rehabilitation, which have
frequently been compared to a “black box” due to largely poorly-defined essential characteristics
such as treatment theory and intervention active ingredients and their effects on intervention
outcomes.33%332 Empirically validated taxonomies for rehabilitation interventions have been
developed to help researchers and practitioners document and identify interventions’ active
ingredients.?3%332 Their uptake may facilitate documentation and assessment of intervention
tailoring and adaptation in future.33? Nevertheless, it is essential to assess not only what was
delivered during a trial, but also whether (and why) it was modified, or whether unplanned
elements were introduced to improve understanding of the factors influencing treatment
outcomes and support the translation of evidence from clinical trials into clinical practice.3%?
ltems 3 and 7 in the CONSIDER checklist draw further attention to important aspects on in-trial

intervention delivery that may greatly influence treatment outcomes, research replication and

implementation, and continue to require greater attention.?043%2

Strengths, limitations, and future directions

The reliability study has several strengths. Following the Guidelines for Reporting Reliability and
Agreement Studies (GRRAS)*® recommendations, we calculated a sample size needed for this
study and recruited a sample of participants who are representative of future users of the
checklist. The checklist was developed through extensive systematic review and thematic

synthesis of data from a large dataset of methodological and clinical trial papers in complex
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interventions (chapter I1), following guidance for developing and evaluating fidelity checklists.**?

We also developed an extensive explanation, elaboration and scoring guide with illustrative
examples of checklist items and their scores from our previously compiled database of complex
intervention clinical trial papers. Participants also assessed three randomly selected papers that

are representative of papers the checklist would be used with in future.

Limitations

It was not feasible to train the participants to use the checklist before they assessed the papers.
Although we did not train participants to use the checklist or intervene in their assessments, the
internal consistency, reliability, and inter-rater reliability of the checklist and participants were
high. However, it is possible that some experience in using the checklist before assessing the
sample of studies would have improved participants’ ease in using it, particularly with items 3
and 7. It is also possible that participants’ years of research or critical appraisal experience may
have influenced their skill in using the tool. However, we attempted to overcome this by

recruiting participants with a minimum amount of either clinical or research experience.

Very high Cronbach’s o values (>90%) indicate internal consistency but may also reflect item
redundancy in checklist with a number of items.*** As a result, it may be that some checklist
items are unnecessary or redundant when o is very high.*** Item redundancy was built-in to the
checklist, by design. A wide range of terms and constructs for fidelity and its components are

found, and often used interchangeably, in complex intervention literature. Considering these
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factors, checklist items were required which could capture intervention fidelity in actions

reported in trial papers in a variety of ways.

The CONSIDER checklist was also designed to be a multicomponent assessment of fidelity across
three inter-related components of fidelity: intervention design, delivery, and receipt. Some
overlap between items was expected, reflecting the complex nature of intervention fidelity.
Intervention fidelity is increasingly viewed as a multi-faceted concept encompassing a range of
interacting participant and practitioner actions and behaviours.'? For example, the quality of
intervention delivery (fidelity), may be influenced by the provider’s level of experience or
training in the intervention before the trial begins, monitoring to prevent intervention drift
during the trial, as well as the degree to which key intervention details have been

operationalized, among other factors.

There is also some overlap between items assessing reporting and items assessing
methodological quality or processes (i.e. fidelity) in the CONSIDER checklist. For example, while
item 6 (Fidelity monitoring: Describes strategies planned or used to monitor, maintain, or
improve participant adherence or intervention delivery as intended in the study protocol or
manual) includes an emphasis on reporting quality, or whether the paper reports the strategies
used to monitor fidelity, items 7 (Modifications: Was the intervention modified during the study,
or were deviations from protocol reported, including changes to interventions, unintended
participant cross-over between groups/interventions?) and item 8 (Fidelity assessment: If the

paper reports that participant adherence or intervention fidelity were assessed or monitored:
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how much, or to what extent, where these achieved?) include a mix of whether fidelity was
maintained and whether it was reported. This redundancy was purposeful and intended to
maximize the checklist’s ability to capture information about fidelity in trial publications, given

the wide range of terms and descriptions used for fidelity in complex interventions literature.

However, this strategy also has its limitations, reflecting the difficulty of assessing
methodological quality in non-pharmaceutical RCTs.#*> It may not be possible to determine
whether checklist items (representing study processes or procedures) assessed by the checklist
were conducted, but not reported, or not conducted and not reported. Well-conducted trials
may be reported badly, and studies with methodological flaws may be reported inaccurately,
obscuring deficits in methodologic quality. This is an acknowledged limitation of tools assessing
study quality or methodological characteristics in trial publications, including the CONSIDER

checklist.”943> This issue is explored more extensively in Chapters IV, V, and VI of this thesis.

The overlap between study conduct and study reporting creates limitations in this current study,
including how methodical characteristics not reported should be scored. A scoring system was
needed for the checklist to be able to achieve its purpose in this thesis. An extensive review of
literature was conducted to inform the development of the checklist, which included careful
consideration of other leading checklists assessing fidelity in trial publications, such as Gearing’s
CIFG (psychology and behavioural health). The CIFG assesses intervention fidelity across 22 items
that are scored as 0-absent/minimal, 1-moderate, 2-extensive.?° As a result, the decision was

made to score items that were reported with a positive or negative score, depending on the
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degree to which the items were achieved, while items that were not reported (could not be
identified in the trial publication) were assigned a score of “0,” rather than a non-numerical
score (e.g. not reported, not applicable). Itis possible thata “0” score, rather than another
option (e.g. not-applicable, not-reported, or a scale from 1-5, rather than “-2” to “+2” and
including “0”) may bias the results of assessments with the checklist in papers with poor fidelity
reporting. Future development of this checklist through Delphi Consensus can further explore

these issues and the checklist scoring system.

High internal consistency does not necessarily reflect a checklists’ validity, however.#3* A
checklist may be reliable but not valid. It was not the purpose of this study to establish the
validity of the CONSIDER checklist. However, the checklist was developed through extensive
systematic review, Best-Fit Framework Synthesis, and thematic synthesis of a large dataset of
methodological and clinical trial papers in complex interventions (chapter Il). It was developed
specifically for use in the context of providing a transparent, reproducible way to assess and
document intervention fidelity in complex intervention randomized controlled trials for the
meta-epidemiological study in the following chapter (Chapter V), rather than for broad adoption
by a range of users. As such, it does not represent the results of consultation with a wide group
of expert trialists or clinical trial methodologists. That was beyond the scope of the checklist’s

initial development.

Future directions

Intervention fidelity has been identified as a component of performance bias and an important
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criterion for assessing risk of bias in interventional studies. It is rarely described or included in
risk of bias or study quality assessment scales, however. Findings from complex interventions
trials, or from systematic reviews and meta-analyses of them, that were administered with poor
fidelity may be unreliable for informing clinical decision making and may hinder the translation of
effective treatments from clinical trials to clinical practice.??9436437 The CONSIDER checklist
could be used, or developed further, to complement risk of bias assessments such as the
Cochrane Risk of Bias (ROB-2) by providing more targeted assessment of intervention fidelity in

systematic reviews and meta-analyses.

Future development and validation of the checklist may also increase its utility for grant
reviewers, funding bodies, and journal editors evaluating treatment outcome studies. The
National Institute for Health Research (NIHR), for example, requires researchers to create a
monograph on completion of funded studies, including detailed description of intervention
fidelity in the research.’”” The CONSIDER checklist can facilitate evaluation of intervention

fidelity in study monographs such as those required by the NIHR.

CONCLUSION

CONSIDER is, to the best of our knowledge, the first checklist developed to assess fidelity in trial
publications for physical complex interventions and one of only a handful of checklists developed
for assessing fidelity in published papers. It was developed specifically for use in this DPhil thesis
to provide a transparent, reproducible way to assess intervention fidelity in complex intervention

randomized controlled trials for the meta-epidemiological study in the following chapter

174



(Chapter IV). However, CONSIDER can nevertheless make an important contribution to the
interpretation of findings from complex interventions trials and systematic reviews and meta-
analyses. Future development and validation of the checklist may also increase its utility for
grant reviewers, funding bodies, and journal editors evaluating complex intervention treatment

outcome studies.
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Chapter IV: The influence of intervention fidelity on treatment effect estimates in clinical trials

of complex interventions: A meta-epidemiological study.
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Chapter Summary:

In this chapter, systematic searches are undertaken to identify meta-analyses of randomised
controlled trials (RCTs) in physiotherapy, speech-language therapy, exercise, and physical activity
interventions. A meta-epidemiological study is undertaken to determine whether intervention
fidelity influences the magnitude and/or direction of treatment effect estimates derived from
randomized controlled trials of physical complex interventions. The primary aims of this chapter
were to determine if poor intervention fidelity biases treatment effect estimates derived from
complex intervention RCTs, identify the direction of that bias (toward or away from the null

hypothesis), and quantify the bias in the sample of meta-analyses.
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BACKGROUND

Randomized clinical trials provide the most reliable method for assessing the effectiveness of
therapeutic interventions.*3440 However, flaws in their design and conduct may bias trials’
treatment effect estimates, leading to over or underestimation of the true intervention
effect.>”82439 Characteristics of clinical trials, such as blinding or intervention fidelity, may create
systematic differences in intervention effect estimates between trials with and without those
characteristics.>”#*° Poor fidelity may lead to variations in intervention delivery resulting in
differences in participants’ exposure to intervention components (dose).®® This may lead to
variability in outcome achievement, inflating error variance in post-test outcomes and
decreasing trials’ statistical power to detect significant effects.>>¢38%%0 pooled data that includes
biased treatment effect estimates can also bias the results of meta-analysis used to support
evidence-based clinical decision making, leading to ineffective interventions being implemented

into practice, or effective interventions not being implemented.>//81,439,441,442

Meta-epidemiological studies are designed to investigate the impact of study-level
characteristics, like fidelity, by investigating the association between the and the intervention
effect estimates from collections of meta-analyses.”® By contrasting the results of trials with a
characteristic of interest with the results of trials with without that characteristic, they provide
estimates of the average bias associated with that characteristic.”>#° Despite the rapid growth in
meta-epidemiological research in the past two decades, considerable methodological variation
subjects meta-epidemiological studies to increased risk of bias and has made interpretation of

their results challenging.>”#%443 Imprecise or ambiguous definition of trial characteristics and
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heterogenous trial samples are frequently seen in meta-epidemiological papers.8%444 Other
limitations include infrequent use of power and sample size calculations for meta-

445 and lack of

epidemiological studies,®%43¢ resulting in insufficient sample sizes and poor power,
exploration of variation in the impact of trial characteristics on effect estimates between meta-
analyses or between trials within meta-analyses.8%44¢ Additionally, few meta-epidemiological
studies examine continuous outcomes, despite their frequent use in clinical research.®? This may
limit the application of findings from meta-epidemiological studies of dichotomous outcomes to

trials with continuous outcomes. These factors may influence the variations seen in the results of

different meta-epidemiological studies of the same trial characteristics.®°

Since the first published meta-epidemiological study in 1995, 58 trial characteristics have been
examined in 166 papers including meta-epidemiological analysis.2%** To the best of our
knowledge, none have investigated the influence of intervention fidelity on treatment effect
estimates in RCTs. Two meta-epidemiological studies have included a component of fidelity as a
criterion of interest.**449 Van Tulder et al. examined associations between internal validity and
treatment effect differences in 216 RCTs of low-back pain interventions. “Compliance” was
included as one of 11 characteristics of interest investigated. Investigators determined if
participants’ compliance to trials’ interventions were acceptable based on the reported intensity,
duration, and frequency of sessions for experimental and control interventions.*** No significant
difference in effect sizes was found between trials with low or high levels of compliance

(difference of -0.01, 95% ClI: -0.15 to 0.14 when compliance was high). However, no parameters
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or definition for compliance are provided in the published paper, making it impossible to
ascertain how compliance was conceived or differentiated from other aspects of

participant performance.

Hempel et al. investigated associations between trial quality and estimates of treatment effect in
in four datasets, including Van Tulder’s #* sample, totalling 481 RCTs across a range of clinical
fields.**° Eleven quality criteria were investigated, including “similar cointerventions,” and
“acceptable compliance.” No statistically significant difference in effects size was found between
trials with high or low levels of compliance when adjusted for size of the treatment effect, the
condition being treated, the type of outcome, and variance in effect sizes.**° As in the study by
van Tulder however, adequacy of compliance was a characteristic of interest but compliance was
not defined, nor were criteria for assessing it. A clinician with trial research experience was
contacted to establish reasonable compliance rates in included RCTs, but how this was

determined was not described.

Compliance is also a multi-faceted term that may encompass a variety of concepts related to
fidelity, including the extent to which: participants follow the instructions they have been given
for participating in a clinical trial, adhere to prescribed behaviours or treatment dosages, avoid
proscribed behaviours or activities, attend the prescribed frequency of intervention sessions or
achieve the prescribed participation level for experimental or control interventions.?1640441 A
number of other descriptions for compliance were identified in chapter Il. In both Van Tulder

and Hempel’s studies, lack of specification of compliance and which behaviours it represents
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limits interpretation of their findings on the influence of fidelity on treatment effect estimates in

RCTs.

Poor intervention fidelity and protocol violations increase variability with which interventions are
administered in clinical trials. This variability is likely to artificially increase or diminish the results
that are obtained, leading to Type | or Il errors.?® To the best of our knowledge however, the
influence of intervention fidelity on treatment effect estimates in clinical trials remains
unquantified. This meta-epidemiological study examined meta-analyses of randomized
controlled trials in three disciplines representative of complex interventions in healthcare:
physiotherapy, speech-language therapy, exercise, and physical activity interventions. These
disciplines yielded the greatest number of eligible papers in the systematic review of fidelity
constructs and best-fit framework synthesis completed in earlier stages of this thesis (Chapter
ll1). Intervention fidelity’s influence on treatment effect estimates derived from complex
intervention RCTs can significantly influence the interpretation and appropriateness to change
practice of clinical studies of complex interventions and clinical practice guidelines based on

systematic reviews of clinical trials.

Aims and Objectives

AIM |: To quantify the prevalence of fidelity monitoring and intervention fidelity in RCTS of
complex interventions in the physical domain (rehabilitation, broadly defined).
AIM I1I: Determine whether intervention fidelity influences (biases) the estimates of treatment

effects derived from RCTs of physical complex interventions, and in which direction.
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Hypotheses:
a. Poor intervention fidelity quantifiably biases treatment effect size and precision in
RCTs of physical complex interventions.
b. High degrees of intervention fidelity are associated with a larger treatment effect
estimates and greater precision, while poor fidelity supresses treatment effects and
reduces precision in complex intervention RCTs.

AIM 1lI: To determine whether reporting of intervention fidelity depends on a trial’s outcomes.
Hypothesis: Intervention fidelity is reported more often in trials with outcomes favouring

the experimental intervention.

Objectives:

1. To systematically search for meta-analyses of randomized clinical trials in three physical complex
interventions: physiotherapy, speech therapy, and exercise-physical activity interventions. (AIM |,
)

2. To quantify and characterize intervention fidelity monitoring and reporting in RCTs in eligible
meta-analyses. (AIM 1)

3. Toinvestigate how sample size and risk of bias influence the relationship between intervention
fidelity and treatment effect estimates through subgroup analyses.

4. To evaluate the influence of intervention fidelity monitoring on estimates of treatment effects in
meta-analysed RCTs in a paired-design, meta-epidemiological (meta-meta-analytic) study. And in

which direction? (AIM )
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METHODS

A systematic search for meta-analyses (AIM 1) in complex interventions and a meta-
epidemiological study (AIM Il) were conducted to investigate the association between
intervention fidelity and treatment effect estimates in meta-analyses of complex intervention

RCTs.’®

The meta-epidemiological study was developed following the recommendations of Sterne et al.
in “Statistical methods for assessing the influence of study characteristics on treatment effects in
‘meta-epidemiological research’®” and Moustgaard et al., whose “Ten questions to consider
when interpreting results of a meta-epidemiological study—the MetaBLIND study,” provides
guidance for the critical interpretation of meta-epidemiological studies. The study is reported
along the guidelines for meta-epidemiological research proposed by Murad and Wang.*>°

The protocol was initially submitted for registration on Prospero, then registered on the Open

Science Foundation protocol registry (https://osf.io/z83wc).

Objectives I-1l: A systematic search for meta-analyses of RCTs in physiotherapy, speech therapy,
and physical activity promotion or exercise interventions, with at least two treatment arms and
reporting quantitative data for continuous outcomes, published between 2010 and 2020, was
undertaken following the recommendations of the Cochrane Handbook for Systematic Reviews

of Interventions.”®

In order to determine the minimum number of meta-analyses required to achieve statistical
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power for detecting the hypothesized mean impact of fidelity on treatment effect estimates, a
power calculation was undertaken with the Sorbonne-Paris Centre of Research in Epidemiology
and Statistics Power and Sample Size calculator for meta-epidemiological studies

(http://www.clinicalepidemio.fr/metaepidemio/).*** Using an estimated mean impact of fidelity

on treatment effect estimates B= 0.30%°2, assumed variability of the impact between trials within
meta-analyses (k*> = 0.03) and between meta-analyses (¢ = 0.002) following the guidance of
Giraudeau, et al.**®* a mean number of trials with the characteristic of interest (4) and without
the characteristic of interest (6) based on a systematic review of fidelity in clinical trials of
complex interventions in previous stages of this program of research (CONSIDER), a minimum of
14 meta-analyses are required to have 80% power to detect a mean difference f =-0.25 with a =
0.05. To accommodate the possibility of greater variability or lower mean difference between

trials than was anticipated, 19 eligible meta-analyses, and at least 190 RCTs were sought.

Search Methods

Electronic searches were conducted without language restrictions in PubMed with keywords and
MeSH terms for physiotherapy, physical therapy, rehabilitation, exercise, physical activity,
expressive language, receptive language, speech therapy, language therapy, articulation,
interventions, continuous outcome, meta-analysis, systematic review, and others (appendix IV,
figures 4.1-4.4). The search strategy combined validated filters related to meta-analyses.*3
Potentially eligible meta-analyses were screened by title and abstract and then by full-text based

the following criteria:
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Inclusion criteria: Meta-analysis level

1.

Must be Meta-Analyses (MA), identifying and summarizing evidence from published reports
through quantitative analyses.

Must analyse RCTs in physiotherapy, speech-language therapy, and exercise-physical activity
promotion interventions.

Examine at least one continuous outcome.

Must include a minimum of 4 RCTs and provide quantitative data for treatment effects.

RCTs included in the selected MAs must:

a. evaluate a therapeutic intervention.
b. have a placebo, wait-list, no intervention, or other intervention control.

c. bereported in sufficient detail for effect sizes to be calculated.

Exclusion criteria: Meta-analysis level

Systematic reviews without meta-analysis.

Meta-analyses of economic impact studies or interventions outside of physiotherapy, speech-
language, physical activity, or exercise interventions.

Meta-analyses of less than 4 RCTs

Observational, non-randomized, or uncontrolled trials.

Trials reporting only dichotomous outcomes.

Inclusion criteria: Meta-epidemiological analysis level

1. Meta-analyses: Assessment of all RCTs in a meta-analysis must result in at least 2 of the 2

RCTs meeting criteria for fidelity as follows:

a. Minimum scores of 1 on CONSIDER checklist item 6 (Was fidelity monitored), or
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b. Minimum score of 1 on CONSIDER checklist items 7 or 8 (was fidelity achieved), or

c. Minimum score of 6 on “was fidelity supported?”

The Complex Interventions Design, Delivery, Receipt (CONSIDER) intervention fidelity checklist
was developed in Chapter Il of this thesis (figure 4.1). The checklist was piloted, and its reliability

was established in the reliability study in Chapter IIl.

Exclusion criteria: Meta-epidemiological analysis level
1. Meta-analysis does not include RCTs meeting inclusion fidelity criteria with the CONSIDER

checklist.

Titles and abstracts yielded by the search were screened the against the review’s inclusion
criteria. Papers meeting eligibility criteria by title and abstract and papers whose eligibility could
not be determined by title and abstract were reviewed by full text. Trial protocols and
registrations were also reviewed, when available, for additionally information about eligibility or
intervention fidelity. When necessary, study authors were contacted for additional information

to resolve questions about studies’ eligibility or trial conduct.

Data extraction

Meta-analysis level: Once eligible meta-analyses were identified after title-abstract and full-text
screening, they were exported into a CSV dataset with the following identifying variables:
authors, year, title, article identifier (Pubmed), journal title. The CSV data set was then imported

into the STATA 16.1 Statistical Package.*** Random blocks of 25 meta-analyses were then
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generated in STATA with the randomizr package®>. Their constituent RCTs were extracted and
assessed for fidelity with the CONSIDER intervention fidelity checklist by the thesis author (AP)
to determine eligibility for the meta-epidemiological analysis (AIM II, Objective 3). If an
insufficient number of meta-analyses meeting the fidelity criteria were identified in the first set
of 25, the next sample of 25 meta-analyses was generated, and so forth, until 19 meta-analyses

meeting the fidelity criteria were identified.

The following data was extracted from meta-analysis eligible for the meta-epidemiological
analyses:
1. Bibliographic data (authors, title, and year of publication).
2. Healthcare discipline (Physio, Speech Therapy, Exercise or Physical Activity interventions).
3. Number of included RCTs.

4. Number of RCTs meeting fidelity inclusion criteria.

RCT level: Component RCTs in eligible meta-analyses were reviewed by full text and the
following data was extracted:
5. Bibliographic data (authors, title, and year of publication)
6. Healthcare discipline (Physio, Speech Therapy, Exercise or Physical Activity interventions)
7. Sample size
8. Treatment effect estimate, or the mean change from baseline, and measures of

variability (SDs and 95% Cl:s) for the primary continuous outcome(s)
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The primary outcome reported for each meta-analysis was used as the primary outcome for
analysis. In MAs reporting two primary outcomes, data for both were extracted. If MAs reported
multiple outcomes, the primary outcome was determined as the one with the largest number of

trials.

Interventions within trials were classified as either experimental or control based on descriptions
in the trial publications. Control interventions were classified as “no intervention,” including
wait-list control groups, “placebo,” or “active control, including standard of care, treatment as

usual, patient education or information, sham, or other therapeutic intervention.

Fidelity and intervention reporting

Fidelity scores and items assessing intervention reporting (items 1-5) and fidelity (items 6-8)
from the CONSIDER checklist were extracted for each RCT in included meta-analyses. A fidelity
processes score was calculated for each RCT by adding scores for items 1-6 on the CONSIDER
checklist (figure 4.2). These CONSIDER scores were also re-coded as categorical variables for
quantitative analyses with the statistical processing software (STATA 16.1) in the meta-
epidemiological analyses, as:

O- fidelity monitoring absent
1- only participant adherence monitored
2- only intervention fidelity monitored

3- both participant adherence and intervention fidelity monitored
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Risk of bias

Risk of bias was evaluated with the Cochrane Risk of Bias Tool (RoB).*3 Studies were classified as

low risk, some concerns (unclear), or high risk of bias.

Data Analyses

All data analyses were prespecified in the study protocol. Descriptive statistics were used to
quantify the number of eligible meta-analyses, eligible RCTs, total number of study participants
across trials, and the number of RCTs reporting participant adherence, intervention fidelity
monitoring or intervention fidelity (Objectives I-1l). The prevalence of fidelity and fidelity

monitoring across eligible RCTs was calculated as:

total number of RCTs meeting fidelity criteria  _ Fidelity prevalence

total number of RCTs in the meta-epi sample

Further analyses was undertaken to investigate whether reporting of fidelity depended on a
trial’s outcome.*® For example, researchers in trials resulting in small or non-significant
treatment effect estimates may report on intervention fidelity to help explain the trials results,
while researchers in trials resulting in large treatment effect estimates may not report the
intervention fidelity monitoring in the study. This was investigated through two analyses. In the
first, all RCTs were divided into two groups. The first group included those with either a small or
null treatment effect, or standard mean differences (SMD) of < 0.50 as categorized by Cohen.*’
The second group included those with a moderate to large treatment effect > 0.50. In the

second analysis, all RCTs were sorted by whether the RCT found a statistically significant effect in
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favour of the experimental intervention or for the control condition (including finding no
significant difference between the two). The number of RCTs reporting intervention fidelity
monitoring, and the number reporting maintaining fidelity was then compared between both

groups in both analyses.

The meta-epidemiological analysis followed a two-level, paired design, in which treatment
effect estimates were compared between trials with and without fidelity monitoring within each
meta-analysis, and the mean impact of fidelity was then estimated across all meta-analyses

(figure 4.1).79436

How many )
with fidelity?| | Diterent? |
Level 1: Calculate standard Compare pooled
s S mean differences for SMDs for RCTs with
Flderl:‘tgtlz‘ln_:n(;'ll'ss:;m B each RCT in each fidelity and RCTs
Y _ meta-analysis _without fidelity Quantified:
Systematic searches: A uantified:
Meta-analyses of ~ magnitude and
complex intervention v dlrectlggrof:dk:?s from
L RCTs ) Level 2: Meta-regression How do changes in P ity
) ’ Fidelity 5 influence of fidelity on fidelity affect
between/across treatment effects: all treatment effect
meta-analyses meta-analyses/RCTs estimates?

v

Change in results
\of meta-analyses?)

Figure 4.1: Meta-epidemiological study

First, individual RCTs within meta-analyses were sorted into those with or without intervention
fidelity, and a two-level analysis was conducted using a meta-meta-analytic approach with an
inverse-variance, Der Simonian and Laird random-effects model.”>#°® |f an RCT appeared in more
than one meta-analysis, it was analysed only in the meta-analysis with the fewest number of

trials.
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For the first level (within meta-analysis) analysis, standardized effect size estimates for the
primary outcome of each trial were obtained.*° Differences in mean outcomes between the
experimental and control groups for the primary outcomes of each RCT were calculated and
Standardized Mean Differences (SMD) calculated in RevMan 5.4 to accommodate for

measurement of continuous outcomes with different scales between trials.”®

With these SMDs, two pooled effect sizes were calculated for each meta-analysis. The first one
corresponding to pooled effect size from studies meeting fidelity criteria and the other for those
studies that did not. To maintain consistency across meta-analyses, endpoints were recoded if
necessary, so that positive effect sizes indicted a beneficial effect of the intervention.”®
Comparison of trials with and without the characteristic of interest (fidelity) within meta-
analyses maintains the grouping of trials created by authors of the meta-analyses, ensuring that

trials being compared have broadly similar types of patients, interventions, and outcomes.®°

Statistical heterogeneity

Statistical heterogeneity within MAs was tested using the t?, Chi? test (significance level: 0.1) and
12 statistic, as follows’%4€0:

1. 0% to 30%: might not be important.
30% to 50%: may represent moderate heterogeneity.

50% to 90%: may represent substantial heterogeneity.

A owonN

75% to 100%: considerable heterogeneity.
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Effect of fidelity across all meta-analyses

To investigate the effect of fidelity across all meta-analyses, differences between pooled SMDs

(dSMD) from trials with fidelity and trials without it for each meta-analysis were derived as:

dSMD = SMDno fidelity — SMDfidelity

The dSMDs were then pooled using Inverse-variance weighted meta-analyses with a Der
Simonian and Laird random effects model to account for between-meta analysis
heterogeneity.**®41 As heterogeneity was expected within and between meta-analyses, the
random effects model was used.”%794% A dSMD <0 corresponding to more beneficial effects of
interventions in trials with fidelity than trials without it.”? The variability in bias estimates

between meta-analyses was measured using T2 as a measure of heterogeneity.

Subgroup analyses

Risk of bias

Both high and unclear risk of bias judgements with the ROB have been associated with
exaggerated treatment effect sizes in randomized trials.*®? Trials were sub-grouped by risk of
bias on the ROB, and pooled meta-analyses performed for RCTs with low risk of bias, and for high

and unclear risk of bias combined.

Sample size

Small study sample sizes (<100 participants) have also been associated with larger treatment
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effect sizes, compared to larger sample sizes, in previous meta-epidemiological studies of
RCTs.82463 |t has been suggested that trialists’ expertise and skill in recruiting participants may
influence the trial’s sample size, and may also influence characteristics such as participant fidelity
to the intervention assigned, or loss to follow-up, influencing observed treatment effects.*4

In a second subgroup analysis, trials with less than 100 participants were characterized as small
samples and those with greater than 100 participants as large sample sizes. Pooled meta-analysis

of trials with and without intervention fidelity and these traits was then undertaken. Subgroup

analysis was then performed for both risk of bias and study sample size.

Meta-epidemiological analysis

In the second-level analysis, random-effects (Der Simonian and Laird) meta-regression was
undertaken to test for interactions and explore associations between fidelity, sample size, risk of

bias on the ROB, and treatment effect sizes.”%43¢

Meta-regression was conducted using the ‘metareg’ command in Stata 16.1 and weighted using
effect size standard errors to measure the association between intervention fidelity, risk of bias,
and study sample size and estimates of treatment effects. The dependent variable was the SMD
for trials’” primary outcomes, while the independent variables were intervention fidelity as a
categorical variable (adherence only, fidelity, or fidelity and adherence), risk of bias as either a
categorical (low, unclear, high) or dichotomous (low or unclear and high), and sample size as a

categorical variable in 100 participant units.
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Impact of fidelity on the results of meta-analyses

Finally, the derived estimates of bias (meta-regression coefficients for fidelity and adherence
present and categorical fidelity meta-regression coefficients) were used to estimate the effect of
absent intervention fidelity on the results of individual meta-analyses. Within meta-analyses, the
meta-regression coefficient for fidelity and adherence was subtracted from the SMDs of
individual RCTs with absent fidelity and adherence (as evaluated with the CONSIDER checklist),
and the meta-regression coefficient for fidelity as a categorical variable was subtracted for RCTs
with adherence but absent fidelity (as evaluated with the CONSIDER checklist). An adjusted,
pooled SMD was calculated for each meta-analysis. The resulting pooled SMD was then
compared to the meta-analyses’ published pooled effect to assess the impact that absence of

fidelity may have had on the meta-analyses.

RESULTS
Objective I: To systematically search for meta-analyses of randomized clinical trials in three
physical complex interventions: physiotherapy, speech therapy, and exercise-physical activity

interventions.

Characteristics of included studies

The search yielded 527 meta-analyses of physiotherapy, speech therapy, physical activity, and
exercise interventions (figure 4.2). Of these, 125 and their constituent RCTS were assessed in 5,
twenty-five meta-analyses groups until 19 meta-analyses were identified meeting fidelity

eligibility criteria.
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Figure 4.2: PRISMA Flow Chart
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Creating a sample of meta-analyses for the meta-epidemiological study

Ten blocks of 25-28 meta-analyses were randomly created by the STATA-randmomizr package.
The first two blocks (51 meta-analyses) were screened, with 25 meta-analyses in the first and 26
meta-analyses in the second. Thirty meta-analyses were screened and 365 constituent RCTs
assessed with the CONSIDER checklist until 19 meta-analyses meeting criteria for the meta-
epidemiological analyses were identified. These included 204 RCTs, 248 randomized
comparisons, and 25,056 participants (table 4.1). The median number of trials per meta-analysis
was 10 (range 5-20), with a mean of 11 RCTs per meta-analysis. The median number of
participants per meta-analysis was 806 (range 133-4442), with a mean of 118 participants per
RCT. Eight meta-analyses examined physical activity or exercise interventions, 7 analysed

interventions in Physiotherapy, and 4 analysed interventions in Speech Therapy.

Meta-Analysis Year Discipline N RCTs N with Fidelity N Comparisons Total Sample Size Mean SS/RCT
Avery“tt 2012 Phys Act/Exercise Int. 10 4 14 355 38.9
Bellicha“*6s 2018 Phys Act/Exercise Int. 10 2 14 339 395
Briani*® 2018 Phys Act/Exercise Int. 16 6 15 2693 171.5
Cleave!®® 2015 Speech-Lang. Therapy 7 4 8 153 19.1
Depiazzi'®® 2019 Physiotherapy 8 5 9 415 60.1
Finch*67 2016 Phys Act/Exercise Int. 16 6 16 4422 276.4
Hampton3%® 2016 Speech-Lang. Therapy 16 10 16 1177 73.6
Heidlage!’® 2020 Speech-Lang. Therapy 14 9 21 997 64.6
Hislop*®’ 2020 Physiotherapy 5 2 8 269 49.3
Howlett184 2019 Phys Act/Exercise Int. 15 9 15 2747 195.7
Kuntsler&® 2018 Physiotherapy 5 1 5 1081 216.2
Lim?183 2019 Phys Act/Exercise Int. 20 10 31 2395 107.5
McMichan*6s 2018 Phys Act/Exercise Int. 5 2 8 3569 569.8
Nyel”® 2013 Speech-Lang. Therapy 8 4 8 295 36.9
Salamh'® 2019 Physiotherapy 6 2 15 285 45.6
Salamh®! 2017 Physiotherapy 5 4 6 305 66.2
Scott185 2018 Phys Act/Exercise Int. 20 11 21 2620 124.8
Ward 186 2020 Physiotherapy 12 5 12 806 64.7
Young“®® 2018 Physiotherapy 5 2 6 133 22.2
19 204 98 249 25056 118.03

Table 4.1: Meta-epidemiological sample- Included meta-analyses and their characteristics.

Risk of bias of RCTs in the sample of meta-analyses
Two-hundred four studies were assessed with the Cochrane ROB tool. Of these, 73 were scored

as having a low risk of bias, 84 had some concerns, and 47 were at high risk (figure 4.3).
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Figure 4.3: Risk of bias assessment results, Cochrane Risk of Bias (ROB) tool.

The highest percentages of risk of bias were found in “blinding of participants and personnel”

and incomplete outcome data (figure 4.3).

Objective II: To quantify and characterize intervention fidelity monitoring and reporting in RCTs

in eligible meta-analyses. (AIM 1)

Intervention reporting in the sample of meta-analyses

Of 204 included RCTS, 95, or 46.6 % did not report at least one key aspects of the intervention

materials, dosage, intensity, procedures, or the provider qualification or training when assessed

with the CONSIDER checklist items 1-5 (figure 4.1). Neary a third (31.9%) of studies failed to fully

report key aspects on intervention dosage (frequency, duration, intensity) sufficiently for
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reproducibility (did not report or only partially reported). Nearly one quarter (24%) of RCTs
publications only partially described the intervention with enough detail to allow for replication.
Only 39.7% reported planned or allowed tailoring or modification of the intervention during the

trial (table 4.2).

CONSIDER Checklist item n (%) n (%) n (%)
Score 0: no report Score 1: partial | Score 2: mostly
report reported
1: Training or intervention materials used in trial 17 (8.3) 39 (19) 148 (72.6)
2: Description of the experimental intervention 3(0.02) 49 (24) 152 (74.5)
3: Tailoring of intervention (planned or allowed) 46 (22.5) 77 (37.8) 81(39.7)
4: Intervention providers: qualifications, expertise, or training in 71 (34.8) 61 (29.9) 72 (35.3)
intervention or trial protocol received
5: Intervention dose: frequency, duration, intensity 2 (0.98%) 63 (31.02) 139 (68%)

Table 4.2: Reporting of CONSIDER items 1-5

Fidelity assessment with the CONSIDER checklist:

Among the 204 included RCTs, 137 monitored any degree of participant adherence (frequency of
participants’ interaction with the intervention), or intervention fidelity for a fidelity monitoring
prevalence of 67.2%. Eighty, or 39.2% of trials reported achieving participant adherence of >75%
during the trial, while 82, or 40.2% of trials achieved greater than partial intervention fidelity
among eligible RCTs. Only 35, or 17.2% of RCTs achieved or reported both adherence and fidelity

(figure 4.4).

Only 57 (27%) RCT publications described the modifications or tailoring of interventions that
took place during the trial. These modifications were reported to be unplanned in nearly a third

(18) of those.
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Fidelity and Adherence Reported in RCTs
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Figure 4.4: Fidelity and adherence monitoring and achievement in eligible RCTs

Fidelity reporting: Was fidelity reported more often in RCTs with smaller treatment effects?

Randomised controlled trials with moderate to large effect sizes reported monitoring fidelity less
often than trials with small effect sizes. Thirteen percent more RCTs with small or no treatment
effect size reported monitoring fidelity than those with moderate to large effects (table 4.3).
Similarly, 14% more RCTs with small treatment effects reported achieving any degree of fidelity
RCTs with large treatment effects. A smaller difference was found between RCTs favouring either
the control or the experimental intervention and reporting fidelity of monitoring or maintaining
any degree of intervention fidelity. Both were reported in nearly equivalent proportions among

RCTS favouring either the control or the experimental interventions.
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RCT characteristic

% reporting fidelity
only or fidelity plus

% reporting achieving or
maintaining fidelity

adherence (any degree)
monitoring or n (%)
assessment

n (%)

RCTs with SMD < 0.50

81/128 (63%)

72/128 (56%)

RCTs with SMD 2 0.50

38/76 (50%)

32/76 (42%)

RCTs with outcome favouring control, or no statistically
significant difference experimental/control interventions

31/53 (59%)

27/53 (51%)

RCTs with outcome favouring experimental intervention

85/151 (56%)

75/151(49%)

Table 4.3: Fidelity reporting by trial outcome

Objective Ill. To evaluate the influence of intervention fidelity monitoring on estimates of

treatment effects in meta-analysed RCTs in a paired-design, meta-epidemiological (meta-meta-

analytic) study. (AIM II)

Analysing meta-analyses: Differences between RCTs with, and without, intervention fidelity

Within meta-analyses, pooled treatment effect estimates calculated for studies meeting fidelity

criteria ranged from SMD (-0.02)%%* to 0.877°, and 0.13%%8 to 0.99% for studies without

intervention fidelity (table 4.4).
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Meta-Analysis RCTs: Pooled SMD Heterogeneity | RCTs: Pooled SMD Heterogeneity
Fidelity | (95% CI:) 12/ T2 No 12/ T2
Fidelity

Avery 2012464 4 0.02 (-0.26,0.30) | 0%/ 0.00 5 0.35(0.05, 0.66) | 34%/0.06

Bellicha 2018%> | 2 0.43 (-0.04, 67%/0.14 8 0.30(-0.10, 0.69) | 55%/0.22
0.91)

Briani 2018 466 7 0.37(0.20,0.54) | 38%/0.02 8 0.38(0.08,0.67) | 80%/0.12

Cleave 2015%° 4 0.83(0.42,1.23) | 0% /0.00 3 0.99(0.13,1.85) | 0%/0.00

Depiazzi 2019 | 5 0.43(0.18,0.68) | 22%/0.02 2 0.86(0.34,1.38) | 0% /0.00

Finch 2016%7 6 0.42 (-0.29, 96% /0.73 15 0.41(0.16,0.66) | 87%/0.19
1.14)

Hampton 11 0.21(0.06, 0.36) | 15%/0.01 5 0.43(0.13,0.73) | 0% /0.00

2016%%

Heidlage 202078 | 9 0.20(0.06,0.33) | 10%/ * 5 0.56 (0.28, 0.83) 28%/ *

Hislop 20207 2 -0.02 (-0.35, 36% /0.04 3 0.67 (-0.57,1.90) | 91%/1.44
0.30)

Howlett 20198 | 9 0.19(0.07,0.31) | 0% /0.00 6 0.46 (0.17,0.75) | 65%/0.08

Kuntsler 2018 | 2 0.19 (-0.04, 0 %/ 0.00 3 0.18 (-0.21,0.57) | 81%/0.09
0.43)

Lim 201983 9 0.56 (0.26, 0.87) | 80% /0.21 11 0.61(0.29,0.93) | 82%/0.28

McMichan 2 0.06 (-0.02, 0% /0.00 3 0.13(0.02,0.23) | 77%

20188 0.14)

Nye 201317 4 0.87(0.20,1.55) | 67%/0.31 4 0.81(0.21,1.40) | 34%/0.12

Salamh 2019%%° 3 0.38(0.02,0.74) | 67%/0.18 5 0.70(0.45,0.96) | 56%/0.11

Salamh 20171 4 0.60(0.40, 0.80) | 58% 1 0.73(0.10, 1.36) n/a

Scott 201885 11 0.31(0.12,0.50) | 21%/0.02 10 0.47 (0.30,0.65) | 0% /0.00

Ward 202018 5 0.43(0.04,0.81) | 0% /0.00 8 0.49(0.29,0.68) | 0% /0.00

Young 2018%° 2 0.51(-0.13, 6% /0.01 3 0.41(-0.24,1.06) | 55%/0.24
1.14)

Table 4.4: Pooled SMD and heterogeneity by fidelity

Between meta-analyses, pooled treatment effect sizes were smaller and more precise when
fidelity was achieved than when they were absent (figure 4.4). Pooled treatment effect sizes for
studies not achieving fidelity or adherence were 0.46 (0.37, 0.55), compared to 0.34 (0.27, 0.41)
for studies achieving any combination of adherence or fidelity. As degrees of fidelity increased,

pooled treatment effect sizes became smaller and more precise: pooled SMD of 0.53 (0.36, 0.70)
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for studies in which only participant adherence was achieved, 0.29 (0.18, 0.40) when

intervention fidelity was achieved (but not adherence), and 0.14 (0.18, 0.20) when both fidelity

and adherence were achieved together (figure 4.5).

SMD

RCTs N with 95% Cl P-value
Fidelity (all levels)
0: Fidelity and/or adherence absent 121 0.46[ 0.37, 0.55] 0.000
1: Fidelity and/or adherence present 127 0.34[ 0.27, 0.41] 0.000
Test of group differences: Q,(1) = 4.45, p = 0.03

Heterogeneity: T2=0.12, 2= 70.99%, H2= 3.45
Categorical Values Fidelity
0: Fidelity absent 121 0.46[ 0.37, 0.55] 0.000
1: Patient adherence only 45 —_— 0.53[ 0.36, 0.70] 0.000
2: Provider and/or patient fidelity 47 0.29[ 0.18, 0.40] 0.000
3: Patient and/or provider fidelity and adherence 35 0.14[ 0.08, 0.20] 0.000

Test of group differences: Q,(3) = 42.20, p = 0.00
Heterogeneity: T2=0.12, I2= 70.99%, H2= 3.45

Random-effects DerSimonian-Laird model

Figure 4.5: Pooled treatment effects and degree of fidelity

CONSIDER Items 1-6 (processes supporting fidelity) and pooled SMDs

The CONSIDER checklist was designed to assess fidelity multidimensionally, given the wide range

of terms and constructs for fidelity and its components found, and often used interchangeably,

in complex intervention literature. The checklist’s items 1-6 assess processes supporting

intervention fidelity, while items 7-8 assess fidelity directly. Analysis of the results of this

assessment found that smaller and more precise pooled effect estimates were also found for

trials scoring 9 or greater, or supporting fidelity, on the CONSIDER checklist than those scoring

less than 9, or not supporting intervention fidelity (table 4.5).
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Fidelity process score category | N RCTs | Pooled SMD Heterogeneity
(95% Cl:) 12/T2

1. Consider checklist < 6 60 0.40(0.28,0.52) | 70.4%/0.12

2. Consider checklist > 9 101 0.27(0.21,0.33) | 67.0%/0.10

Overall p <0.00001

67.5%/0.08

Table 4.5: Pooled SMDs: CONSIDER scores supporting fidelity

Meta-epidemiological analyses: Does poor intervention fidelity bias treatment effect

estimates?

To investigate the impact of monitoring or maintaining fidelity on RCTs’ treatment effect

estimates, differences in SMDs (dSMD) between trials with and without fidelity were derived for

each meta-analysis and pooled in a meta-meta-analysis (Figure 4.6). The resulting median
difference was 0.13 (95% Cl: 0.07,0.20) in favour of RCTs not maintaining fidelity, with low

evidence for variability in dSMDs across meta-analyses (t20.01) above of what would be

expected by chance. This means that RCTs not maintaining intervention fidelity had larger and

less precise (0.13 95%Cl:-0.30, 0.56] SMDs between the experimental and control interventions

than RCTs in which intervention fidelity was maintained.
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Study or Subgroup

Std. Mean Difference

SE Weight

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
1V, Random, 95% CI

8.1.1 MA diffs
Bellicha 2018
Young 2018
Nye 2012
Kunstler 2018
Brianni 2018
Lim 2019
Ward 2020

McMichan 2018

Finch 2016
Salamh 2016
Scott 2020
Cleave 2015
Hampton 2016
Salamh 2019
Avery 2012

Heidlage 2020 ma

Howlett 2019
Depiazzi 2019
Hislop 2020

Subtotal (95% CI)

-0.13
-0.1
-0.06
-0.01
0.01
0.05
0.06
0.07
0.09
0.13
0.16
0.16
0.22
0.32
0.33
0.36
0.37
0.43
0.65

0.0459 7.3%
0.1378 3.4%
0.0459 7.3%
0.1225 3.9%
0.0663 6.3%
0.0102 8.5%
0.0969 4.9%
0.0102 8.5%
0.1378 3.4%
0.2194 1.8%
0.0051 8.6%
0.2296 1.6%
0.0765 5.8%

0.051 7.1%
0.0102 8.5%
0.0714 6.1%

0.1378 3.4%
0.1378 3.4%
0.801 0.2%
100.0%

-0.13 [-0.22, -0.04]
-0.10 [-0.37, 0.17]
-0.06 [-0.15, 0.03]
-0.01[-0.25, 0.23]

0.01 [-0.12, 0.14]
0.05 [0.03, 0.07]
0.06 [-0.13, 0.25]
0.07 [0.05, 0.09]
0.09 [-0.18, 0.36]
0.13 [-0.30, 0.56]
0.16 [0.15, 0.17]
0.16 [-0.29, 0.61]
0.22 [0.07, 0.37]
0.32[0.22, 0.42]
0.33[0.31, 0.35]
0.36 [0.22, 0.50]
0.37[0.10, 0.64]
0.43 [0.16, 0.70]
0.65 [-0.92, 2.22]
0.13 [0.07, 0.20]

Heterogeneity: Tau? = 0.01; Chi? = 568.47, df = 18 (P < 0.00001); I> = 97%
Test for overall effect: Z = 4.03 (P < 0.0001)

Total (95% CI)

100.0%

0.13 [0.07, 0.20]

Heterogeneity: Tau? = 0.01; Chi? = 568.47, df = 18 (P < 0.00001); I> = 97%
Test for overall effect: Z = 4.03 (P < 0.0001)

Test for subgroup differences: Not applicable

Figure 4.6: dSMD in meta-analyses with fidelity and adherence and RCTS without fidelity or adherence.
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Objective IV: To determine the direction of the effect of poor intervention fidelity on treatment

effect estimates in meta-analysed RCTs in AIM Il

Meta-regression:

In this section, we investigated how much treatment effect estimates may change as
intervention fidelity increases or decreases. Random effects meta-regression (DerSimonian-

Laird) identified a linear relationship between fidelity and treatment effect sizes across RCTs

(figure 4.7).
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Meta-regression: Degree of fidelity and treatment effect estimates
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Figure 4.7: Bubble plot, Fidelity (categorical) and treatment effect size

Treatment effects sizes changed by (-0.23) (95% Cl: -0.38,-0.74) when both intervention fidelity

and participant adherence, measured as a binary outcome, were maintained in RCTs (table 4.6).

Adjusting for both risk of bias (low or unclear and high combined) and sample size did not

significantly alter the relationship between intervention fidelity and treatment effect estimates,

-0.22 (95% ClI: -0.07,-0.36).

Meta-regression: All RCTs Coef. Std. z p 95% Cl: 12% T? R2%
Error

1. | Fidelity and adherence -0.231 0.080 -2.88 0.004 -0.39,-0.736 70.64 | 0.12 | 0.84
(binary variable)

a Fidelity and adherence, sample size (100 -0.215 0.075 | -2.86 0.004 | -0.363,-0.068 65.55 | 0.95 | 19.67
person units), risk of bias (low, unclear+high)
Sample size -0.088 0.016 -5.51 0.000 -0.119, -0.057 65.55 | 0.95 | 19.67
Risk of bias -0.055 0.565 -0.98 0.327 -0.166, 0.055 | 0.95 | 19.74

2. | Fidelity categorical: 0 none, 1 adherence, 2 -0.081 0.026 -3.15 0.002 -0.131,-0.031 70.53 | 0.12 | 1.30
fidelity only ,3 fidelity + adherence

a Fidelity categorical, sample size (100 person -0.073 0.024 -2.99 0.003 -0.123,-0.025 65.73 | 0.95 | 19.01
units), risk of bias (low, unclear + high)
Sample size -0.088 0.016 -5.46 0.000 -0.119, -0.056 65.73 | 0.95 | 19.01
Risk of bias -0.043 0.064 -0.64 0.502 -0.167, 0.082 65.73 | 0.95 | 19.01

Table 4.6: Meta-regression coefficients
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The impact of fidelity as a categorical value was also assessed by meta-regression as:

0: fidelity absent,
1: only participant adherence present,
2: fidelity present

3: fidelity and participant adherence present.

Treatment effect sizes (SMD) changed by (-0.08) (95% Cl: -0.13,-0.31) for every increase in
fidelity category. Including both risk of bias as a categorical variable (low, high, unclear) and
study sample size (categorical variable in 100 participant units) in the meta-regression found that
SMDs changed by (-0.07) (95% CI:-0.03, -0.12) per unit increase in fidelity when adjusting for

sample size and risk of bias (table 4.6).

Subgroup analyses:
This section explores how various factors influence the relationship between intervention fidelity

and treatment effect estimates.

Heterogeneity

Between-trial heterogeneity was lowest for pooled treatment effects among RCTs meeting
fidelity and participant adherence criteria, with 12 of 0%, rising as levels of fidelity decreased to I?
of 60%, when fidelity without participant adherence was achieved, 12 of 77% when only
adherence was achieved, and 73% when neither adherence nor fidelity were achieved (table

4.7). See appendix IV figure 4.2 for forest plots of pooled meta-analyses.

207



Level of Fidelity N Pooled SMD Heterogeneity
comparisons | (95% Cl:) 12/T2

0: No Fidelity or Adherence (Consider checklist) 121 0.47 (0.38,0.56) | 74%/0.15

1: Adherence only (participant and/or provider) 45 0.53(0.36,0.70) | 76.51%/0.41

2: Intervention fidelity only (participant and/or provider) | 47 0.29(0.18,0.40) | 61.54%/0.06

3: Fidelity and adherence (participant and/or provider) 35 0.14 (0.08,0.20) | 0% /0.00

Table 4.7: Heterogeneity

Risk of bias

Subgroup analysis using only RCTs judged as low risk of bias on the ROB-2 found that pooled

treatment effect estimates decreased in size and increased in precision with increasing levels of

fidelity (figure 4.8), following the same pattern that was observed in the main analyses. Meta-

regression identified the same linear relationship between fidelity and treatment effect sizes

across RCTs (figure 4.9) and a nearly identical regression coefficients for combined fidelity and

adherence, including when adjusting for sample sizes (table 4.8).

RCTs: Low risk of bias only

Fidelity present: all levels

0: None

1: Fidelity and/or adherence
Test of group differences: Q,(1)

31
56

=0.65, p=0.42

Heterogeneity: 12 = 0.05, 12 = 53.36%, H2 = 2.14

Fidelity: Categorical levels

0: No fidelity and/or adherence
1: Participant adherence only
2: Intervention fidelity

31
18
22

3: Fidelity and participant adherence 16
Test of group differences: Q,(3) = 19.65, p = 0.00
Heterogeneity: 12 = 0.05, I = 53.36%, H2 = 2.14

Random-effects DerSimonian-Laird model

SMD
with 95% ClI P-value
—_—— 0.37[0.25, 0.49] 0.000
—_— 0.31[0.22, 0.40] 0.000
[

0.37[0.25, 0.49] 0.000

———<———0.43[0.25, 0.61] 0.000

P —

0.38[0.22, 0.53] 0.000

0.12[0.04, 0.21] 0.005

r
0

Figure 4.8: Subgroup analyses, risk of bias (Cochrane ROB-2).
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Meta-regression: fidelity and effect estimates in low risk bias RCTs
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Figure 4.9: Bubble plot, fidelity (categorical) and treatment effect size among RCTs with low risk of bias

Meta-regression: RCTs with Low risk of bias Coef. Std. z p 95% Cl: 12% T? R2%
Error

1. Fidelity and adherence -0.235 0.085 -2.75 0.006 -0.675,- 0.402 50.56 | 0.42 | 8.48
(binary variable)

a Fidelity and adherence, sample size -0.201 0.078 | -2.56 0.01 -0.355, -0.047 40.7 0.29 | 35.79
(categorical, 100 person units)
Sample size -0.053 0.017 -3.01 0.003 -0.185, -0.088 40.7 0.29 | 35.79

2. Fidelity categorical: 0 none, 1 adherence, 2 -0.058 0.031 -1.90 0.05 -0.118, -0.002 53.59 | 0.05 | O
fidelity only ,3 fidelity + adherence

a Fidelity categorical, sample size (100 person -0.061 0.027 -2.32 0.020 -0.119, -0.01 42.55 | 0.03 | 30.69
units
Sample size -0.064 0.018 -3.53 0.000 -0.1,-0.029 42.55 | 0.03 | 30.69

Table 4.8: Fidelity meta-regression coefficients

Sample size

Treatment effect sizes were larger in trials with small sample sizes than trials with more than 100
participants (figure 4.10). In both trials with less than or more than 100 participants, pooled
treatment effect sizes decreased, and precision increased as levels of fidelity increased (figures

4.10a and 4.10b).
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The greatest difference was found between trials with absent fidelity or adherence in both trials

with large sample sizes (SMD 0.24, 95% Cl:0.13,0.34) and small sample sizes (SMD 0.63, 95%

Cl:0.49,0.76) and trials with patient and provider fidelity and adherence (SMD 0.10, 95%

Cl:0.03,0.18 large trials, SMD 0.22, 95% Cl: 0.11,0.34 small trials). Measures of heterogeneity (I?)

and between trial variance (T?) were 0.00 for trials with the highest level of fidelity, category 3, in

large and small trials, and considerably higher when fidelity was absent in both large (12 76.73, T?

0.076) and small sample sized trials (1> 63.84, T? 0.218).

SMD

Trials with sample sizes >100 n with 95% ClI P-value
Fidelity (all degrees)
0:none 40 —— 0.24[0.13, 0.34] 0.000
1: Fidelity and/or adherence 36 — 0.25[0.14, 0.35] 0.000
Test of group differences: Q,(1) =0.01, p=0.92

Heterogeneity: 12 = 0.07, 12 = 78.01%, H? = 4.55
Caregorical Values Fidelity
0: No fidelity and/or adherence 40 — 0.24[0.13, 0.34] 0.000
1: Participant adherence only 11 0.51[0.15, 0.87] 0.006
2: Intervention fidelity only 13 — 0.16 [ 0.05, 0.27] 0.005
3: Fidelity and participant adherence 12 — 0.10[0.03, 0.18] 0.009

Test of group differences: Q,(3) =7.77, p = 0.05 (’)
Heterogeneity: 12 = 0.07, 12 = 78.01%, H? = 4.55

Random-effects DerSimonian-Laird model

Figure 4.10a: Subgroup analysis, RCT sample size >100
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SMD
Trials with sample sizes <100 n with 95% CI P-value

Fidelity (all degrees)
0: none 81 ——— 0.63[0.49, 0.76] 0.000
1: Fidelity and/or participant adherence 91 — 0.40[0.30, 0.50] 0.000

Test of group differences: Q, (1) =7.21, p = 0.01
Heterogeneity: 12 = 0.16, 12 = 59.21%, H? = 2.45
Categorical Values Fidelity

0: No fidelity and/or adherence 81 ——— 0.63[0.49, 0.76] 0.000
1: Participant adherence only 34 ——  0.53[0.35, 0.71] 0.000
2: Intervention fidelity 34 —_———— 0.39[0.21, 0.56] 0.000
3: Fidelity and participant adherence 23 —— 0.22[ 0.11, 0.34] 0.000

Test of group differences: Q,(3) = 21.53, p = 0.00 6 '2 '4 |6 é
Heterogeneity: 12 = 0.16, I = 59.21%, H? = 2.45 ' ' ' '

Random-effects DerSimonian-Laird model

Figure 4.10b: Subgroup analysis, RCT sample size <100

Intervention fidelity and meta-analyses: How would poor intervention fidelity impact the
results of meta-analyses?

In this section, we estimate how the results of the sample of meta-analyses used in the meta-
epidemiological study would change if the fidelity meta-regression coefficient (0.23) was applied
to RCTs not reporting or maintaining intervention fidelity. This allowed us to simulate what
impact poor or absent intervention fidelity could have on the results of meta-analysis of
rehabilitation RCTs. Each meta-analysis was then recalculated (generic inverse variance, random
effects meta-analysis) with the adjusted SMDs (labelled as adjusted pooled effect in table 4.9)
and compared to the pooled results reported in the published meta-analyses (labelled

“unadjusted pooled effect” in table 4.9).
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Comparison of pooled treatment effect estimates from meta-analyses before and after
adjustment with the corresponding fidelity meta-regression coefficients from table 4.9 resulted
in decreased treatment effect sizes (SMD) in 19 out of included meta-analyses (table 4.9). The
statistical significance of pooled treatment effects was lost in 4 of 19 meta-analyses.46446>467,469

Adjusted confidence intervals were more narrow (increased precision) in 14 of 19 meta-analyses

after adjusting for fidelity.

Additionally, the magnitude of the treatment effect, as categorized by Cohen**’, decreased in 4

485 3nd Lim'83, the treatment

of 10 meta-analyses.183184464465 |n the meta-analyses by Bellicha
effect size decreased from moderate to small, while in treatment effect sizes for Avery*** and

Howlett'8* decreased from small to nearly no effect, or 0.06 (95% Cl:: -0.12,0.25) and 0.03 (95%

Cl:: 0.01, 0.26), respectively.
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Meta-analysis Pooled 12% / t2 Pooled SMD ( 95% Direction of Change Change in Cohen’s
effect ClL:) change: SMD | stat. effect category
significance
Avery 2012 464 Unadjusted 0% 0.00 | 0.22(0.02,0.41)
Adjusted 19% 0.03 | 0.06(-0.12,0.25) l v V' small to none
Bellicha 2018 46> Unadjusted 58% 0.15 | 0.39(0.03.0.74)
Adjusted 58% 0.15 0.17 (-0.18, 0.52) J N4 v mod to small
Briani 2018 466 Unadjusted 72% 0.07 | 0.35(0.18,0.53)
Adjusted 66% 0.05 | 0.21(0.05,0.37) l X X
Cleave 2015 & Unadjusted 0% 0% 0.86 (0.49, 1.22)
Adjusted 0% 0% 0.78 (0.41, 1.14) l X X
Depiazzi 2019 & Unadjusted 22% 0.03 0.50 (0.27, 0.74)
Adjusted 0% 0% 0.40 (0.20, 0.59) l X X
Finch 2016 7 Unadjusted 93% 0.34 | 0.44(0.11,0.75)
Adjusted 93% 0.34 0.29 (-0.01, 0.60) J N4 X
Hampton 2016 Unadjusted 0% 0 0.26 (0.14, 0.38)
398
Adjusted 0% 0 0.19 (0.07, 0.31) l X X
Heidlage 2020 '® | Unadjusted 30% 0.04 0.33(0.17,0.49)
Adjusted 13% 0.01 | 0.23(0.10,0.37) l X X
Hislop 2020 &7 Unadjusted 87% 0.63 0.25 (-0.35, 0.84)
Adjusted 87% 0.61 | 0.17 (-0.24,0.57) l X X
Howlett 2019 &+ Unadjusted 35% 0.02 0.27 (0.15, 0.39)
Adjusted 34% 0.02 0.03 (0.01, 0.26) J X V' small to none
Kuntsler 2018 188 Unadjusted 63% 0.04 0.19 (-0.04, 0.41)
Adjusted 74% 0.06 | 0.12(-0.05,0.28) l X X
Lim 2019 & Unadjusted 81% 0.23 | 0.62(0.35,0.91)
Adjusted 80% 0.22 0.46 (0.18. 0.75) J X v mod to small
McMichan Unadjusted 57% 0.01 0.08 (-0.2, 0.18)
2018468
Adjusted 63% 0.02 0.02 (-0.06, 0.10) J X X
Nye 2013 17° Unadjusted 50% 0.18 | 0.86 (0.43, 1.28)
Adjusted 45% 0.22 | 0.72(0.28, 1.16) l X X
Salamh 2019 °° Unadjusted 48% 0.04 0.62 (0.35, 0.88)
Adjusted 49% 0.05 | 0.53(0.26,0.79) l X X
Salamh 2017 ™t Unadjusted 69% 0.20 0.74 (0.41, 1.06)
Adjusted 67% 0.19 | 0.58 (0.28, 0.88) l X X
Scott 2018 8> Unadjusted 1% 0 0.38 (0.28. 0.61)
Adjusted 26% 0.03 | 0.19(0.05, 0.33) l X X
Ward 2020 '8¢ Unadjusted 0% 0 0.47 (0.29, 0.65)
Adjusted 0% 0 0.25 (0.07, 0.42) l X X
Young 2018 #%° Unadjusted 36% 0.11 0.44 (0.00, 0.88)
Adjusted 36% 0.11 0.24 (-0.20, 0.69) J N4 X

Table 4.9: Pooled SMD for meta-analysis, published (unadjusted) and adjusted with fidelity coefficient if fidelity

absent.
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DISCUSSION

In a sample of 19 meta-analyses and 204 RCTs representing the experience of 25,056
participants in physiotherapy, occupational therapy, speech-language therapy, exercise, and
physical activity intervention clinical trials, this meta-epidemiological study found evidence of
systematic differences between effect estimates in complex intervention trials achieving
intervention fidelity compared to those without it. Poor intervention fidelity can significantly
influence the interpretation and appropriateness to change practice of complex intervention

RCTs.

Fidelity monitoring in rehabilitation

Fidelity monitoring may improve the internal validity, generalizability and reproducibility of
clinical trials.'3® In the absence of fidelity monitoring, it may be difficult to determine if RCTs’
results are due to intervention effectiveness, variations in implementation, or unknown or
external factors.?*3 Yet, this study found that fidelity assessment is not systematic in RCTs of
complex interventions in healthcare. Fidelity monitoring within included RCTs in this study was
generally poor. Less than a third reported monitoring participant adherence and intervention
fidelity while less than half monitored either intervention fidelity, participant adherence, or the

frequency of participants’ interaction (dosage) with the intervention.

These results support previous findings that fidelity monitoring is poor in clinical trials of complex

interventions. In a 2021 systematic review of the characteristics of surgical RCTs published

between 2008-2020, Robinson et al. found that only 4.4%, or 17 out of 388 RCTs assessed the
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quality of the intervention delivery.?® Toomey et al. systematically reviewed physiotherapy-led
self-management trials of exercise and education?’?, finding that only 20-30% of studies
reported monitoring key aspects of intervention fidelity (intervention delivery and receipt) when
assessed with the National Institutes of Health Behaviour Change Consortium (NIH-BCC) fidelity
checklist.!3* Analyses of trials in other complex interventions have also found poor fidelity
monitoring and reporting.>® In an analysis of 202 interventional trials of Mindfulness-based
interventions (MBIs) with the NIH-BCC checklist'33, Ketchter et al., that only 25 (12%) described
study treatment fidelity.!>” Only half of those (6%), reported fidelity monitoring or data across
treatment design, delivery, or receipt, the three key components of the CONSIDER framework. In
a systematic review of afterschool intervention programs for at-risk youth, Maynard et al. found
that only 29% of studies of measured fidelity and only 4% included fidelity measures in their

470

analyses of the intervention,”’® while Naleppa and Cagle’s analysis of 63 social work intervention

studies found that only 15% monitored or collected fidelity data.*’*

Overall fidelity and treatment effect estimates

If intervention fidelity is not monitored and maintained, variations in intervention delivery may
bias the results of RCTs.>3638%90 Contrary to our original hypothesis, this meta-epidemiological

study of complex intervention RCTs found evidence of larger treatment effect estimates (over-

estimation) and wider confidence intervals (decreased precision) in RCTs in which intervention

fidelity was not achieved, rather than a reduction in treatment effects. Pooled SMDs within and
across meta-analyses were larger and less precise in RCTs in which fidelity was not present or

reported. Differences in SMDs between meta-analyses also indicate overestimation of treatment
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effect sizes in RCTs in which fidelity was absent across the sample of 19 meta-analyses. Statistical
heterogeneity was higher in meta-analyses of trials without intervention fidelity or fidelity and
participant adherence, which may reflect variations in the quality of intervention delivery

between trials influencing treatment effects.*’?

This was an unexpected finding, and contrary to what we had hypothesized. The mechanisms
underlying this finding cannot be determined through meta-analysis and meta-epidemiology.
However, it is possible that the direction of bias identified in our meta-epidemiological study
reflects the cumulative effects of additional, unplanned interventions and active ingredients
introduced by poor intervention fidelity or protocol departures.®””>472 When fidelity is not
monitored or maintained, there may be greater scope for participant exposure to additional
effect-mediating cointerventions or increases in intervention intensity, which may lead to a

larger treatment effect, as proposed by Hettema.#/3474

The links between treatment fidelity and intervention outcomes are complex, however. An
intervention could also be delivered with a high degree of fidelity and yet be a poorly
conceptualized intervention, or a well conceptualized intervention that is just ineffective. In
those scenarios, the association between the degree of intervention fidelity and outcome would
be negative, but not because of a high degree of fidelity. Conversely, a robust intervention
delivered with poor intervention fidelity may result in large treatment effect estimates, despite,
and not because of, poor fidelity. Intervention fidelity is not the only factor moderating

treatment outcomes. Fidelity does, however, provide researchers with confidence that an
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intervention was tested adequately and that a trial’s results are less likely to be due to other

potential confounders resulting from poor intervention delivery.®®

Findings from systematic reviews and meta-analyses of complex interventions with poor fidelity
may be unreliable for informing clinical decision making.**®43” In this study’s sample, 128 RCTs
had effect sizes (SMDs) for primary outcomes between of less than 0.50. A difference of (0.23)
could bias the outcome of a trial from a negligible to a small intervention effect size, a small to
moderate effect size, or a moderate to a large effect size. This was also found when comparison
pooled SMDs in our sample of meta-analyses before and after adjustment with the fidelity meta-
regression coefficient (table 4.9).47°> The pooled treatment effect estimates reduced from
moderate to small effect size in two meta-analyses®34%> and from small to no effect in two
others.*®*4%4 The decrease in precision and loss of statistical significance for treatment effects
seen in 4 of the meta-analyses after adjusting for fidelity (table 4.9) also illustrate how poor or
absent intervention fidelity can bias the results of systematic reviews and meta-analyses of
complex intervention RCTs. This could lead clinicians to implement interventions which may be
ineffective or less effective than others or reject potentially effective interventions based on

biased data from meta-analyses of RCTs.

Caution is needed when interpreting the results of complex intervention RCTs when fidelity is
not monitored or is monitored but not reported.**” Without monitoring intervention fidelity,
the actual intervention dose received by participants cannot be quantified.*’® Poor intervention

fidelity may bias the results of RCTs, as indicated by the linear relationship between fidelity and
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treatment effect estimates identified with meta-regression in this study. Treatment effect sizes
increased by SMD 0.23 (95% Cl: 0.04, 0.74) when fidelity was absent, or SMD 0.24 (95% Cl: 0.40,
0.68) when adjusted for both RCT sample size and risk of bias. This can have important
implications for the interpretation of outcomes from complex intervention RCTs and meta-
analyses of RCTs. Similar to our findings, Yoon et al. found that monitoring and maintaining
intervention fidelity was associated with smaller, more precise effect sizes in psychological
interventions with persons with poor mental health, attributing the finding to intervention
fidelity monitoring being associated with more stringent intervention delivery, and less

propensity to toward bias during study conduct.*”’

A meta-analysis of Motivational Interviewing (Ml), a complex behavioural intervention, by
Hettema also found that treatment effect sizes were two times larger in studies without
manualized interventions and therapist treatment manuals than those with them.”> Hettema
examined relationships between treatment effect size and a number of study attributes as
potential moderators of the outcomes. Of the intervention delivery characteristics examined,
only use of a treatment manual during the trial was significantly related to treatment outcomes,
predicting 8.5% of the variance treatment effects (B = -0.292, p < 0.05). Studies not reporting
use of an in-trial treatment manual had a mean treatment effect size (SMD) of 0.65 (SD = 0.62),
whereas those standardizing treatment with a manual reported a SMD of 0.37 (SD = 0.62). The
mechanisms underlying this effect could not be investigated in the meta-analysis, however. The

findings may reflect an additive effect of additional intervention components introduced by
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variations in Ml delivery in the non-manualized studies, or differences in tailoring of the

intervention to individuals between manualized and non-manualized studies.

Our findings contrast with those of a Ellefson and Oppenheimer’s large-scale simulation study of
interventions in education.®® From an initial, computer simulated RCT of an imaginary
intervention conducted in 40 classrooms of 25 students each, Ellefson and Oppenheimer
generated data for 1000 computer simulated participants across 11,055 trials in 50 computer
modelled classrooms and laboratories. Data was analysed across three models including
simulated variables for classroom and lab variables such as schools’ level of student performance
and resource availability. Simulated effect sizes decreased as simulated fidelity decreased, with
every 5% fidelity reduction producing a 5% reduction in effect size. Lowering fidelity also

increased variance, with greater variance among simulated trials with large effect sizes.

While both our findings and Oppenheimer and Ellison’s show that poor fidelity biases treatment
effect estimates in complex intervention clinical trials, the direction of the bias is different. The
meta-epidemiological analyses in our study found that effect sizes decreased, and their precision
increased as the degree of fidelity increased. The difference in the direction of bias may result
from the many differences between medical or rehabilitation interventions and interventions in
education. The difference in the direction of bias arising from poor fidelity in Ellefson and
Oppenheimer’s simulations and this meta-epidemiological study may also result from differences
in how fidelity was conceived and measured in both studies. Ellefson and Oppenheimer

investigated the effects of fidelity on study replicability, not intervention effectiveness, and
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modelled fidelity as the percentage of an intervention to which each simulated classroom
adhered in the simulation, ranging from (.01) —(0.99), at intervals of .20 for individual

classrooms or labs.

However, intervention delivery, or adherence as defined by Ellefson and Oppenheimer, is only
one component of fidelity.*® An intervention can be delivered with the intended frequency or a
high percentage of its intended components but be delivered poorly, introducing unplanned,
extraneous components and variability.¥#’® Ellefson and Oppenheimer’s fidelity construct does
not include the quality of intervention delivery (fidelity, as defined in the CONSIDER framework)
or the influence of both frequency (adherence) and fidelity combined. Our meta-epidemiological
analyses found that the degree of fidelity maintained (adherence and quality of intervention
delivery) influenced the magnitude of fidelity’s effect on treatment effect estimates in pooled
meta-analysis. Compared to RCTs with no fidelity monitoring, or in which fidelity was not
maintained, pooled treatment effect estimates were lower when any degree of adherence and
fidelity were maintained together. These linear relationships remained when adjusted for study

quality and sample size.

The difference in the direction of bias of treatment effect estimates introduced by lower degrees
of fidelity in Ellefson and Oppenheimer’s study may also be influenced by the difficulty of
simulating real-world conditions and treatment effects. Ellefson and Oppenheimer modelled
treatment effects, but not treatments. By contrast, our results were derived from meta-

epidemiological analyses of the experience of 25,056 participants and their intervention
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providers with interventions across 204 physiotherapy, occupational therapy, speech-language

therapy, exercise, and physical activity RCTs.

In Ellefson and Oppenheimer’s simulation study, no specific intervention or control were
simulated. Intervention-specific characteristics such as complexity and context or provider
characteristics such as competence and equipoise, can influence both intervention fidelity and
treatment effects.>*’° Other sources of intervention complexity, and potential sources of bias,
are difficult to model with computer-simulated data. These include intervention complexity,
difficulty maintaining intervention fidelity while tailoring interventions to individual participants,

participant responses to interventions or interventionists.

These features would be difficult to model with simulated data but could influence the direction
of bias on treatment effect estimates. However, pragmatic RCTs (pRCT), which offer practitioners
“considerable leeway in deciding how to formulate and apply”?°® interventions, do mirror real-
world conditions and offer an important opportunity to explore the influence of these features
and intervention fidelity on intervention effectiveness.>”132% |ntervention fidelity has been
poorly explored in pragmatic RCTs in complex interventions, however. In the following chapter of
this thesis (Chapter V), the application of the CONSIDER fidelity framework in an ongoing
pragmatic RCT is used to investigate fidelity and adherence and how violations of them affect

interpretation and analysis of pRCT results.
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Adherence and dosage

This study also found that pooled treatment effect sizes were often the largest when only
participant adherence, or attendance in trial activities, was monitored and achieved, without
monitoring or maintenance of intervention fidelity. This was found for SMDs pooled across all
meta-analyses, in trials with greater than 100 participants, and among RCTs with unclear or high
risk of bias. In RCTs in which only participant adherence was achieved, larger pooled treatment
effect estimates may reflect receipt of increased dosage, or increased exposure to, the

experimental interventions.

The relationship between adherence and treatment effect estimates in this study supports
previous hypotheses that session attendance is an insufficient proxy for fidelity or intervention
quality, and may lead to over- or under-estimation of true treatment effects because of
unknown exposure to the intervention’s active ingredients.*’274’4 As with drugs, there is a dose-
response effect curve with many complex interventions.*8%482 |n the case of physiotherapy or
exercise based interventions, for example, participants’ physiological responses to interventions
are determined by their mode, and dose, or frequency, intensity, and duration, which rely on
participant attendance or exposure (adherence) with intervention activities. Without monitoring
for both fidelity and adherence, participants may exercise at higher or lower percentages of their
maximal heart rate, with less or greater support, or for shorter or longer periods than intended if

fidelity is not monitored (and acted upon) in the trial.#/27474
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What other factors may be at work? sample size, risk of bias, or methodological quality?
Fidelity is complex and may interact with other factors to influence intervention effects in a
clinical trial. We explored whether sample size and methodological quality moderate the
association between fidelity and treatment effect estimates. The over-estimation of treatment
effect estimates we found with poor or absent intervention fidelity also remained in subgroup
analysis of RCTs by both sample size and risk of bias. Previous meta-epidemiological studies
examining the influence of sample size on the findings of RCTs have found larger treatment
effect estimates and decreased precision in RCTs with smaller sample sizes, while larger sample
sizes are associated with more accurate mean values, decreased random variability, and greater
precision.’®8246348 The treatment effect estimates in our sample were larger (nearly twice or
more as large) in trials with small sample sizes (less than 100 participants) than in RCTs with
more than 100 participants for all categories of fidelity and adherence (figure 4.6). Our meta-
epidemiological analyses also found smaller treatment effect sizes and increased precision in
RCTs with large sample sizes (greater than 100 participants), and larger treatment effect
estimates and less precision in RCTs with smaller samples (less than 100 participants). This may
reflect increased random variability, imprecision, and potential for outliers to skew treatment
effects in studies with smaller sample sizes.**3483 The nearly twice as large treatment effect sizes
seen in RCTs with absent fidelity and small sample sizes than in RCTs with absent fidelity and
larger samples may reflect a synergistic increase in random variability influenced by small sample

size and poor fidelity, rather than small sample size or poor fidelity alone.

The observed association between sample size and treatment effect may also reflect bias from
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studies” methodological quality. Previous meta-epidemiological studies have found
overestimation of treatment effect estimates in RCTs when risk of bias is unclear or increased as
a result of decreased methodological quality.8%#47462 Sample size may also influence methodical
quality, however. Large trials have been associated with higher methodological quality than
small trials.*8% Large RCT sample sizes may also reflect the influence of factors including trialists’
skill and expertise with recruitment, which may also influence participants’ adherence and

fidelity to the intervention assigned.**?

Smaller trials may take place at earlier stages of intervention development, before some
intervention parameters are fully defined and tested in larger or multicentre trials.>>” This may
lead to more variable intervention delivery in smaller trials, compared to larger trials conducted
at later stages of intervention development. 37 Smaller trials are also more likely to be single-
centre and have less stringent controls (oversight) than larger trials, potentially contributing to
lower methodological quality compared to larger and multicentre studies.”® Smaller RCTs have
also been associated with decreased likelihood of external or public funding, which has been

associated with significantly lower methodological quality compared to RCTs without funding.*®

Reporting of intervention details: Was fidelity absent or not reported?

Specification of key intervention details such as frequency, intensity, or duration is essential for
both intervention fidelity and reproducibility of trials results.**® The quality of reporting of key
intervention details (CONSIDER checklist items 1-5) in this sample of complex intervention RCTs

was poor, despite the introduction of extensions to CONSORT reporting guidelines such Standard
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Protocol Items: Recommendations for Interventional Trials (SPIRIT) in 2013,% Template for
Intervention Description and Replication (TIDieR)**° in 2014, and the Consensus on Exercise
Reporting Template (CERT)**! in 2016. These guidelines were intended to improve the reporting
of key aspects of intervention implementation in clinical trials and their protocols. Despite this,
over 46 % of RCTs did not report at least one key aspect of the intervention materials, dosage,
intensity, procedures, or the provider qualification or training received in the intervention, when
assessed with the CONSIDER checklist items 1-5. Neary a third (31.9%) of studies failed to fully
report (did not report or only partially reported) key aspects on intervention dosage (frequency,
duration, intensity), and nearly one quarter (24%) of publications only partially described the

intervention with enough detail to allow for replication.

This data supports previous findings that published clinical trial papers in complex interventions
do not report interventions or trial procedures sufficiently to allow for reproducibility in practice
or research.??238848 Robinson, et al. found that details of surgical interventions were limited in
more than the half (58.2%) of the RCTs examined, and not specified in 41 (10.6%).°° Reporting of
intervention details also remains poor for RCT publications in physiotherapy and rehabilitation as
well, and systematic reviews of methodological quality in physiotherapy RCTs have typically

excluded intervention description or implementation in their analyses.?22487/488

The poor reporting of intervention details also extends to reporting of intervention fidelity and
fidelity monitoring. Although SPIRIT,? TIDieR,**° and CERT**! include items for participant

adherence and intervention fidelity, only 67.2% of RCTs in this study report monitoring
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participant adherence or any other aspect of intervention fidelity. Additionally, only 57 (27%) of
publications in this study described modifications or tailoring of interventions taking place during
the trial. These modifications were reported to be unplanned in nearly a third (18) of those. It is
unknown in how many trials unplanned deviations from the protocol occurred but were not
recorded or reported in trial publications. It is also unknown how many unpublished protocols
include measures to monitor or maintain intervention fidelity that was not reported in trial

publications.'>” Reported methods do not always reflect actual conduct within a trial.*®

It is important to note that poor reporting quality in RCT publications may not reflect poor
quality trial conduct, however.**° Mhaskar et al., compared risk-of-bias assessments of 429 RCT
protocols to assessments of their subsequent publications and found that the methods reported
in the published manuscripts did not reflect the methods described in their protocols.**° Poor
reporting quality did not reflect the actual high methodological quality of eligible RCTs.#%°

Researchers risk conflating the relationship between reporting of study conduct and treatment

effect with that of actual conduct and treatment effect.

It is possible that intervention fidelity was monitored but not reported in RCTs finding robust
treatment effects. Conversely, in trials resulting in small or equivocal intervention effect
estimates, fidelity may have been reported to help explain the results. Indeed, we found that
randomised controlled trials with moderate to large effect sizes reported monitoring fidelity less
often than trials with small effect sizes (table 4.3). This can create a “chicken or egg” conundrum,

in which it becomes difficult to determine if RCTs treatment effects influence fidelity reporting,
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or if fidelity influences reported treatment effects. The reasons behind these differences in
fidelity reporting cannot be inferred from our meta-analysis. These need exploration in an
ongoing clinical trial, which would shed light on how fidelity actually works in practice and what
may influence whether it is reported or not. This is explored in the following chapter (V), in
which the CONSIDER framework and intervention fidelity are explored in a contemporary
pragmatic randomised controlled trial comparing surgical and non-surgical management for the

ACL deficient knee (ACL-SNNAP trial34°).

Strengths

This meta-epidemiological study addresses a gap in our understanding of the influence of trial
characteristics on the outcomes of RCTs of complex interventions.*4+44>472 |t quantified the
influence of intervention fidelity and the quality of intervention delivery on treatment effect
estimates in complex intervention RCTs. To the best of our knowledge, this is the first meta-
epidemiological study to investigate this in complex interventions. Failure to examine
intervention quality, in addition to methodological quality, has been identified as a limitation of

systematic reviews of complex interventions.4/2483

This study was rigorously developed following the recommendations of Sterne et al. in
“Statistical methods for assessing the influence of study characteristics on treatment effects in
‘meta-epidemiological research’®” and guidelines for meta-epidemiological research proposed

by Murad and Wang.**° It was also designed to avoid important pitfalls in meta-epidemiological
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research and address the key recommendations made by Moustgaard et al. in “Ten questions to
consider when interpreting results of a meta-epidemiological study—the MetaBLIND study.8%”
As a result, the search strategy was comprehensive, and full-text screening was undertaken to
determine eligibility for every meta-analysis and RCT assessed for eligibility after screening by
title and abstract. A power and sample size calculation developed specifically for meta-
epidemiological studies was used to ensure adequate power.**® That number was exceeded by
35% to overcome any unexpected discrepancies in estimates or elements of the sample size
calculation, given that this is the first meta-epidemiological study of intervention fidelity,
avoiding the inadequate sample size and low precision identified as frequent limitations of meta-
epidemiological studies.®° This is also one of the few meta-epidemiological studies examining
continuous outcomes, addressing a gap in previous meta-epidemiological studies of

interventions in healthcare.8°

The CONSIDER checklist used to assess fidelity in this study was developed through extensive
thematic and best-fit framework synthesis and its validity and reliability were established in
previous stages of this program of research. The CONSIDER checklist allowed for multifaceted
identification of fidelity in clinical trials despite the multiple descriptors used to describe fidelity
in complex interventions literature. Trials’ fidelity was also assessed blinded to trial effect
estimates, reducing the potential for differential misclassification and over or underestimation of

fidelity’s influence on treatment effect estimate.

This study’s large sample of 204 trials and 248 randomized comparisons also allowed for
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subgroup analysis and meta-regression adjusted for key variables, specified a priori, while
maintaining precision and robust estimates of fidelity’s influence on treatment effect estimates.
Meta-regression was limited to three key variables (sample size, risk of bias, and degree of
fidelity), prevented over-fitting of our regression model.**14%2 Lack of adjustment for potential

confounders is a limitation of the body of meta-epidemiological research.8982

Limitations

Despite this study’s sample and power calculation and large sample size, it is possible that an
even larger sample of meta-analyses and RCTs may alter the magnitude of fidelity’s influence on
treatment effect sizes. This study was conducted using only published data for completed trials.
Given the potential risk of publication bias, our results may be conservative. If high levels of
fidelity result in smaller effect estimates, it is possible that publication bias or outcome non-
reporting may negatively impact the availability of data from those trials compared with trials in
which fidelity was not monitored.**3 This may lead to reduced contrast® in effect estimates
between the trials with and without fidelity monitoring. There is no feasible methodological
approach to counter this risk in meta-epidemiological studies, however. Meta-epidemiological
studies also layer three levels of analysis (participants, trials, and meta-analyses), and each of

these has the potential to increase heterogeneity.

Reporting of intervention fidelity can often be limited or unclear, requiring a degree of subjective

judgement by systematic reviewers and meta-epidemiological researchers. 4°>169,290,387,388,494
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Overly narrow identification criteria may lead to a larger proportion of trials being classified as
lacking fidelity, while overly broad criteria may dilute an effect, if present. The CONSIDER
checklist used to assess fidelity in this study is comprehensive, utilizing multiple keywords and
descriptors to identify fidelity processes in trial publications, allowing us to identify fidelity in RCT

publications in multiple ways and limiting the potential for misclassification bias.

Additionally, the literature searches and data extraction were conducted by only one author
(AP), and not undertaken in duplicate by other authors. This increases the risk that errors in
search result eligibility screening or data extraction could be missed, or the author’s biases may
influence the results of the eligibility screening or data extraction. Future meta-epidemiological
studies of intervention fidelity, or future development of the meta-epidemiological study in this
thesis, should include multiple authors in the literature searches, eligibility screening, and data

extraction to minimize these risks.

Finally, an inescapable limitation of this and other meta-epidemiological studies is that they
assess the study characteristics that were reported in trial publications, rather than through
direct observations of the trials themselves. Fidelity may have been monitored in a trial but not
reported for several reasons. Editorial constraints, including word count limits and manuscript
length restrictions, may also have limited reporting of intervention fidelity in the RCTs we
assessed.38389 We attempted to overcome this limitation by also assessing RCT’s protocols and

trial registrations, when they were available, for additional information about fidelity monitoring
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that was planned. Nevertheless, fidelity may have been monitored and maintained more

frequently than our findings would suggest.

CONCLUSION

This study quantifies, for the first time, the effect of poor intervention on treatment effect
estimates derived from RCTs of complex interventions. The findings of this meta-epidemiological
study suggest that lack of intervention fidelity in RCTs of complex interventions is associated with
exaggerated and less precise observed effect estimates. Poor or absent intervention fidelity in
RCTs may lead to overestimation of the magnitude of observed treatment effects, skewing the
conclusions from individuals studies and systematic reviews with meta-analyses when
pooled.”>*%* This could lead to the adoption of ineffective interventions, or premature rejection
of interventions that could be effective. Our results show, empirically, that intervention fidelity is

essential for accurate interpretation of intervention effects.”®
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Chapter V: The ACL-SNNAP trial: The CONSIDER framework and fidelity in a contemporary

pragmatic randomised controlled trial.
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Chapter Summary:

The primary aim of this chapter was to gather insights about the CONSIDER framework and the

results of the meta-epidemiological study through the greater level of granularity available from

real-time data gathered prospectively in an ongoing clinical trial. In essence, we set out to “road

test” the CONSIDER framework in the Anterior Cruciate Ligament (ACL) Surgery Necessity in Non-

Acute Patients (ACL-SNNAP) trial. Key aspects of the framework and the meta-epidemiological

study in Chapter IV were validated and several important insights about fidelity monitoring and

fidelity reporting in complex intervention clinical trials were gained.
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BACKGROUND

Fidelity can act as a moderating factor between interventions and their intended

outcomes. 237505149549 The |inks between fidelity and intervention outcomes are complex,
however. In the meta-epidemiological study of intervention fidelity in the previous chapter,
poor interventions fidelity was associated with over-estimation of intervention effects and
reduced precision. The direction of bias was unexpected, raising questions about factors
influencing the relationship between intervention fidelity and treatment effect estimates derived

from clinical trial publications.

The boundaries between poor intervention fidelity and poor treatment effectiveness can be
unclear in rehabilitation clinical trials.?244%74%8 Like complex interventions, fidelity includes
multiple, interacting components that can act synergistically or antagonistically to influence
intervention effects.*? Intervention fidelity constructs may also need to be flexible, allowing for
intervention fidelity that accommodates (or can be tailored for) unique settings, contexts, and
trial priorities.?®* Some components of intervention fidelity may be also be more essential in
some kinds of trials or interventions than in others.?4%%>% For example, monitoring tailoring of
interventions to individual participants may be less pressing in tightly controlled explanatory
trials than in pragmatic trials, which have more heterogenous study populations and a greater

need for intervention tailoring.?19.22>4%

However, which fidelity components, or violations of fidelity, most influence intervention effects

in clinical trials is uncertain. This can be of particular importance in pragmatic trials (pRCT), which
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offer practitioners considerable leeway in adapting and applying interventions.>”13298 Key
aspects of intervention delivery are less tightly controlled in pRCTs, creating challenges for
monitoring and maintaining intervention fidelity.210216,224,225498501 Additionally, there is little

consensus on the degree of fidelity that is needed, or appropriate, for pragmatic trials.?2>°02:°03

Several other uncertainties about intervention fidelity in clinical trials remain. It is not certain
how fidelity is reported in trial publications, or if its absence truly reflects trial actions and fidelity
in real-world settings.**° Less than two thirds of the RCTs assessed in the meta-epidemiological
study in chapter IV reported monitoring fidelity, but it is unknown whether fidelity was truly
absent or whether it was monitored but not reported in some of these trials. In trials with large
treatment effects, fidelity may have been monitored but not reported, while in trials with small
or equivocal effect, fidelity may have been monitored and reported to help explain the trial

results.

These uncertainties are difficult to investigate through meta-epidemiological studies or
secondary analysis of published data. Exploration of intervention fidelity in an ongoing clinical
trial was needed to further understand how fidelity “works” in real-world, clinical trial settings
and shed light on the findings of the meta-epidemiological study in chapter IV. This chapter
describes both 1. our experience of using the CONSIDER framework to assess intervention
fidelity in a contemporary pRCT (The Anterior Cruciate Ligament (ACL) Surgery Necessity in Non

Acute Patients (ACL-SNNAP).>%* ) that was susceptible to complex fidelity issues by its nature on
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behalf of the trial, and 2. provides insight into the “cause or effect” issue of effect size influence

from fidelity adherence or reporting

This chapter explores the following AIMS:
AIM 1. Apply the CONSIDER framework to assess fidelity and participant adherence in ACL-
SNNAP (on behalf of the trial) to determine:
a. Can CONSIDER be used to evaluate the fidelity of a complex intervention
pragmatic trial?
b. Describe the types of fidelity and adherence encountered in an ongoing clinical
trial
AIM I1I: Describe how fidelity and participant adherence can affect the analysis and
interpretation of ACL-SNNAP’s results
AIM llI. Glean insights about the results of the meta-epidemiological study through the

experience of trial conduct and reporting in the ACL-SNNAP trial.

Pragmatic randomised controlled trials (pRCTs) and intervention fidelity

Explanatory randomised trials are conducted under idealised conditions (for example double
blinded, placebo-controlled) to give interventions the best chance to demonstrate an effect
(efficacy).39%391 By contrast, pragmatic randomised clinical trials are designed to evaluate the
relative effectiveness of interventions under real-life conditions.?% These can include diverse
clinical populations and settings and comparison against usual care interventions.?19?*?  While

explanatory trials emphasise high levels of fidelity to a strict protocol, pRCTs allow for flexible
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intervention delivery, varied participant adherence, and sometimes even choice of comparator,

resembling clinical practice conditions.?1022>498

Clinical practice settings are complex by nature, however. Clinical populations are often more
heterogenous than those in explanatory trials.?19496:505506 Changes to intervention delivery may
also become necessary to accommodate individual participants or interventionists, real-world
contexts or constraints, or unanticipated events. 210496505506 Additionally, it is often unclear
which intervention components, or their combinations, are modifiable and to what degree they
can be adapted without compromising the intervention’s ability to achieve the intended
outcome.**2°% The intervention components being modified may ultimately be central for
achieving interventions’ targeted outcomes.**>% These distinctions can be particularly
challenging to make in complex interventions like physiotherapy, in which multiple interacting
components and participants (patients and providers) can influence treatment delivery.®?19 |n
PRCTs, those interventions are also often delivered by clinicians, rather than by trained
researchers (as in many explanatory RCTs).4°>4%® Variations in practitioner competence or
intervention delivery can increase the scope for variations in intervention delivery.9>4%
Monitoring Fidelity in Complex Intervention Pragmatic Trials

Recommendations for monitoring and maintaining fidelity have mostly been focused on
explanatory, rather than pragmatic trials. Little guidance exists for monitoring intervention
fidelity and participant adherence in pragmatic trials.>®’ There is no gold standard tool for
assessing them.”%” Research into factors influencing intervention fidelity in pRCTs is also still

incipient.216:224496,438,506 Ny ch of the available research on fidelity in pragmatic trials has focused
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on reporting the experiences of researchers in delivering interventions in pragmatic trials or
making recommendations for fidelity when interventions are implemented in clinical practice,
rather than a wider perspective and when investigated in a trial.?16224°0850% Frameworks such as
Reach, Effectiveness, Adoption, Implementation, Maintenance (RE-AIM), the Framework for
Reporting Adaptations and Modifications-Enhanced (FRAME)*/, and the Practical Robust
Implementation and Sustainability Model (PRISM)3%> were developed to improve or support
sustainable implementation of evidence-based interventions, but do not provide guidance for
monitoring or assessing fidelity during clinical trials. The National Institutes of Health (NIH) Care
Systems (HCS) Research Collaboratory workshop also explored challenges and recommended
strategies for improving the dissemination, implementation, and sustainability of findings from
pragmatic clinical trials, but these did not include strategies to enhance or monitoring

intervention fidelity during pragmatic trials.>%8

What degree of fidelity is essential, or at which stage of a pRCT it should be monitored, (if at all)
remain uncertain.?1° It is also not universally accepted that intervention fidelity should be
enhanced, rather than monitored, or even monitored extensively in pRCTs.?2>°92°03Arguments
against extensive fidelity monitoring in pragmatic trials include that strict standardization of
interventions and provider characteristics does not reflect routine practice, reducing
generalizability of the trial results to real-world settings.??>°92°93 Treatments in complex
interventions such as surgery or physiotherapy are also multifaceted and it may not be clear
which intervention components are important to measure or how they can be

operationalized.**>°% |f fidelity or participant adherence are assessed in an ongoing manner, it
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can also become obtrusive or time consuming, hindering clinicians’ daily workflow and leading to

poor participation by clinicians.?2°:49>10

From this perspective, it could be argued that there should be no, or only minimal, measurement
of fidelity or participants adherence in pragmatic trials, as the act of monitoring adherence could
change patients’ treatment adherence or the behaviour of health professionals.??>°%2 No
additional strategies should be used to maintain or improve provider or participant adherence,
unless also done in usual care.*”® Similarly, providing specialized training of intervention
providers or monitoring their fidelity during the trial would not represent real-world practice,

where similar levels of expertise or monitoring may not exist.20:22>

Counter arguments to these positions emphasize that actions aiding in-trial fidelity, such
treatment manuals, interventionist training, and monitoring of treatment delivery, can also be
considered pragmatic (and helpful), as healthcare practitioners in clinical settings must also be
competent in administering treatments to their patients and will often have at least some
amount of training and supervision in clinical practice.?!%4% Additionally, routinely collected
clinical documentation can also be used to monitor or assess intervention delivery without
interrupting the intervention delivery or imposing undue burdens on treatment providers.?1/34?
Pragmatic trials also lie along a continuum, from relatively controlled to more highly
pragmatic.3°! Fidelity monitoring may be less obtrusive in more controlled than in highly

pragmatic trials.

239



Arguments against fidelity monitoring in pRCTs may also miss the important contributions of
intervention fidelity in understanding intervention effictiveness!>%226271 Fidelity monitoring may
be critical in multi-site pragmatic trials to assess if the same intervention is being studied across
sites and settings. Monitoring fidelity and adherence in pragmatic trials is also essential for

understanding barriers or enablers of patients’ adherence to interventions in clinical practice.”!?

Evidence gaps: Fidelity in pragmatic trials

Several important gaps in the evidence-base for intervention fidelity in pragmatic trials
arise.1>24% A paucity of research has investigated the challenges of assessing fidelity in these
trials, particularly in complex interventions such as rehabilitation.??#4%7 Previous studies have
examined fidelity qualitatively, providing important information about factors influencing how
fidelity were experienced in the trial, but limiting their usefulness for interpreting the effect of
fidelity on quantitative outcomes.*>??1 There is also little guidance for monitoring intervention
fidelity in rehabilitation pRCTs, and practical assessment of fidelity models applied in
rehabilitation research is rare.??44°74%8 Researchers have also created intervention-specific

fidelity tools for their studies without the guidance of an a priori theoretical framework.??44°”

The CONSIDER framework in a pRCT: The ACL-SNNAP Trial

The Complex Interventions Design, Delivery, Receipt (CONSIDER) fidelity framework was
developed as a multidimensional fidelity construct, recognizing the interactions between
components of fidelity, such as Design (intervention and study), Delivery (intervention delivery

fidelity), and Receipt (participant adherence) (figure 5.1). The applicability of the framework to
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ongoing clinical trials was investigated in the Anterior Cruciate Ligament (ACL) Surgery Necessity
in Non-Acute Patients (ACL-SNNAP) trial on behalf of, and as part of, the trial.3*° The ACL-SNNAP
trial provided a unique opportunity to study issues of fidelity in depth in a pragmatic

rehabilitation trial.

Design (Protocol)
Intervention/study design
Intervention specification
Intervention/program theory
Provider training

DESIGN

Delivery (Provider)
Intervention delivery
Tailoring/adaptation DELIVERY
Intervention dosage

Provider competence

INTERVENTION
FIDELITY

Receipt (Participant)
Adherence (how often?)

Exposure to intervention
Receipt of intervention core elements

Figure 5.1: Complex Interventions Design, Delivery, Receipt (CONSIDER) fidelity framework

ACL-SNNAP

The ACL-SNNAP trial is a pragmatic, randomised controlled trial comparing the clinical and cost
effectiveness of two management strategies for non-acute Anterior Cruciate Ligament (ACL)
injury: Rehabilitation versus surgical Reconstruction.®*® Up to 300,000 persons per year
experience a ruptured ACL ligament in the United States, with an annual incidence of 68.6 per
100,000 person-years.”*?=* ACL injuries can lead to prolonged or recurrent knee instability,
reduced physical activity and quality of life, and increased risk of knee osteoarthritis.”'>°® Some

patients with ACL tears recover from their initial injury and return to daily function without an
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intact ACL after physiotherapy. Others continue to experience knee instability and are referred

for surgical ACL reconstruction to treat functional knee instability.>®

Although surgical management is the preferred treatment for ACL injuries in the UK, with 15,000
to 50,000 ACL reconstruction surgeries performed yearly in England,*** current management of
ACL injury is based on limited evidence.”®*>17>18 A systematic review by Monk et al. in 2016
found insufficient evidence from randomised trials to determine whether surgery or non-surgical
management was more effective for ACL injury.>®* Low-quality evidence suggested no difference
between surgical management (ACL reconstruction followed by structured rehabilitation) and
non-surgical treatment (structured rehabilitation only) in patient-reported outcomes and knee
function at two and five years after injury.>®* More recent evidence also questioned the
preference for surgical management of ACL rupture. Frobel et al., investigated five-year patient
reported and radiographic outcomes between 121 young, active adults with acute ACL tear
treated with either rehabilitation plus early ACL reconstruction and those treated with
rehabilitation and optional delayed ACL reconstruction.”*® Rehabilitation plus early ACL
reconstruction did not provide better results at five years than initial rehabilitation with the
option of later ACL reconstruction. The most effective management strategy for chronic ACL

injury remains uncertain.>%4>20

ACL-SNNAP overview

The primary objective of the ACL-SNNAP study was to determine whether a strategy of non-
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surgical management [Rehabilitation] (with option for later ACL reconstruction only if required)
is more clinically effective and cost effective than a strategy of surgical management
(reconstruction) in patients with non-acute (more longstanding) Anterior Cruciate Ligament

Deficiency (ACLD).>%

Trial design: The ACL-SNNAP study was a pragmatic multi-centre randomised controlled trial
with two-arm parallel groups and 1:1 allocation ratio.3*® On the Pragmatic Explanatory
Continuum Indicator Summary (PRECIS-2)3%%, version 2 (table 5.1) ACL-SNNAP has an average
score of 4.4 across the indicator’s 9 items, representing a highly pragmatic trial. It compared
non-surgical management (physiotherapy) and surgical management (reconstruction) options
for persons with a symptomatic, non-acute ACL deficient knee.3* Neither participants nor health

care practitioners (surgeons and physiotherapists) were blinded.

Domain

Comment

-

. Eligibility

Who is selected to participate in the trial?

N

. Recruitment

How are participants recruited into the trial?

w

. Setting

Where is the trial being done?

4. Organisation

What experience and resources are needed to deliver the intervention?

w

. Flexibility: delivery

How should the intervention be delivered?

[}

. Flexibility: adherence

What measure are in place to make sure participants adhere to intervention?

7. Follow-up

How closely participants are followed-up?

8. Primary outcome

How relevant is to participants?

9. Primary analysis

To what extent are all data included?

Score (each domain): from 1 to 5 using a 5-point Likert

1 = very explanatory, 3 = equally pragmatic and explanatory, 5 = very pragmatic

Table 5.1: The PRECIS-2 Framework3%!

Population: 316 trial participants with a symptomatic non-acute ACL deficient knee were

recruited from 30 NHS orthopaedic units across the UK between 1t February 2017 and 12 April
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2020. Of these, 156 participants were randomised to the Surgical management arm and 160 to
the Rehabilitation management arm (figure 5.2). Eligible participants were at least 18 years old,
with symptomatic ACL deficiency confirmed by clinical assessment and MRI scan.%* Detailed

eligibility criteria and study procedures are found in the ACL-SNNAP study protocol.>%

L Assessed for eligibility (1403) J

!

Excluded (1087)
Ineligible (597)
Refused consent (485)

!

L Randomised (316) J

|

v v
Allocated to Surgical Allocated to
Reconstruction Rehabilitation
(156) (160)

Included in principle ITT Included in principle T
KOOS4 primary outcome analysis KOOS4 primary outcome analysis
128 (82.1%) 120 (75.0%)

Excluded from analysis: 28 (17.9%) Excluded from analysis: 40 (25%)

Figure 5.2: ACL-SNNAP flow chart. Adapted from Beard et al., 20223%

Intervention and Comparison:

The interventions in both arms were routine NHS treatments. The description and
standardisation of the trials’” interventions were developed by review of evidence, results of a
survey of ACL surgeons, synthesis of current practice guidelines, rehabilitation protocols from UK
Trusts, and consensus meetings with surgeons and physiotherapists.”% The content of both arms

was based on a minimal set of pre-established criteria, allowing for variations in clinical practice
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between both surgeons and physiotherapists while preserving the integrity of comparisons
between arms.> In the non-surgical management (Rehabilitation) arm attended
physiotherapy and were only listed for reconstructive surgery if they experienced continued
knee instability or symptoms following rehabilitation. This is described in greater detail later in
this chapter. The routine rehabilitation protocol used at participating sites was followed, with the

addition of the following mandatory, trial-level aims:

1. Provision of at least 6 rehabilitation sessions over at least a 3-month period.
2. The rehabilitation program had to include the following components:

a. Control of pain and swelling.

b. Regaining range of movement.

c. Improving neuromuscular control.

d. Regaining muscle strength.

e. Achieving normal gait pattern.

f. Returning to function/activity/sport.

g. Return to sport criteria.
3. Clearly identified progression milestones.

4. ldentification criteria for poor or non-progression.

Rehabilitation was provided, or closely supervised, by senior physiotherapists experienced with
ACL injury (table 5.5). A physiotherapy case report form (CRF) was used to document
rehabilitation interventions and individuals’ progression (appendix V figures 5.1,5.2). As there is
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little consensus for the most effective rehabilitation protocol for ACL injuries,”” variation in the
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specific exercises and adjuncts modalities used, and flexible adaptation of treatments to
individuals were allowed. There were no pre-specified timelines for progression of therapeutic

activities.

Participants randomised to the surgical management arm were referred for surgical ACL
reconstruction (using any technique chosen by the surgeon) without any further rehabilitation.
Participants in the surgical arm could receive pre-surgical physiotherapy to address acute
symptoms, such as swelling, but not a formal ACL rehabilitation programme beyond basic
maintenance exercises before surgery. Surgical reconstruction could utilize either patellar or
hamstring tendon graft, depending on surgeons’ preference. Detailed information about the
surgical procedures can be found in the study protocol.”®* Surgeons performing the surgical
reconstruction had expertise in soft tissue knee surgery as indicated in the Best Practice for

221 with a minimum

Primary Isolated Anterior Cruciate Ligament Reconstruction guidelines
experience of 50 previous procedures. Participants undergoing surgical reconstruction were
referred for a programme of post-operative rehabilitation (physiotherapy) as per standard care
at the participating hospital. The initial content of post-operative physiotherapy differed from
non-surgical management physiotherapy by including aspects of graft protection and caution

necessary following ACL reconstruction.”®*

Outcomes: The primary outcome was participants’ Knee injury and Osteoarthritis Outcome

Score (KOQS) at 18 months post-randomisation. Secondary outcomes included return to sport or
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activity, intervention related complications, patient satisfaction, expectations of activity, generic

health quality of life, knee specific quality of life and resource usage.3*°

Statistical Analyses: A detailed statistical analysis plan was published for the trial.>22 Briefly, all
principal outcome analyses were based on the intention-to-treat (ITT) principle. Participant data
was analysed in the groups to which they were randomly assigned, regardless of their adherence
with treatment allocation. Participants in the rehabilitation arm who required surgery were
analysed as randomised, as this was an expected outcome and was part of the protocol. In the
surgical reconstruction arm, “Reconstruction or Surgery” referred to a decision to list for surgical

reconstruction and not necessarily the point in time of the surgical procedure.

It was also anticipated that the complex nature of both intervention arms would lead to several
potential treatment pathways.>?? For example, it was expected that some participants would not
complete their allocated treatment, whether by not starting rehabilitation, having insufficient
rehabilitation, not having reconstructive surgery within 12 months in the surgical management
group, not having sufficient post-operative rehabilitation (at least 5 months of formal identifiable
post op therapy), or not having reconstructive surgery but crossing over to rehabilitation instead
(figure 5.3). Additionally, some participants may undergo delayed surgery, leaving insufficient
follow up time or post-operative rehabilitation during the trial. Some participants in the
rehabilitation arm may also elect or require surgery, while others may not complete their
allocated or intended treatment. Participant treatment profiles were constructed, a priori, to

capture these expected deviations from their allocated treatment pathway (figure 5.3).>%2
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Comprehensive per protocol analyses had been constructed, a priori, as part of the trial’s
statistical analysis plan®?? to enable investigation of the impact of participant adherence on study
outcomes and fair comparisons and interpretations in the event of poor adherence. Two primary
per protocol analyses were conducted.”?? Both excluded participants (in both arms) who did not
fulfil minimal protocol criteria. A conservative per protocol (PPc¢) analysis excluded participants
who did not meet the minimum requirements for the trial in their intervention arm (table 5.7).>%?
The PPc represents a focus on study or experimental design, considering protocol non-
adherence. A second, pragmatic per protocol (PPp) analysis included participants who started
but underwent insufficient physiotherapy or did not complete physiotherapy treatment, even if
they went on to have surgery.>??> These participants had poor adherence to rehabilitation. Their
inclusion in the PPp represents pragmatic features of the trial and real-world care, reflecting

patterns of participant adherence to treatment typically seen in the NHS.

Setting: Participating NHS sites were selected based on having an established practice of ACL
reconstruction and an experienced ACL reconstruction knee surgeon and physiotherapy team

capable of providing contemporary care.

Trial Results:

The ACL-SNNAP trial found that surgical reconstruction is a clinically superior and more cost-
effective management strategy for persons with non-acute ACL injury and persistent knee
instability compared to rehabilitation management (table 5.7).3*° Intention to treat (ITT) analyses

resulted in mean KOOS4 scores at 18 months of 73.0 (SD 18.3) in the surgical group, compared
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to 64.6 (21.6) in the rehabilitation group, with an adjusted mean difference of 7.9 (95% CI 2.5,
13.2; p=0-0053) in favour of surgical management.?*° The unadjusted analyses also produced
statistically significant effects in favour of surgical management, resulting in an adjusted mean
difference of 8.3 (3-3, 13.3), p=0-0012.3*° Both the PPp and PPc analyses also supported the ITT
results, with all treatment effects favouring surgical management at a level reaching statistical
significance.?* Of note, both treatment groups did improve over time, despite the superiority of

surgical management over rehabilitation.

AIM |: Apply CONSIDER to assess fidelity and participant adherence in ACL-SNNAP

CONSIDER (figure 5.1), was used to assess fidelity and adherence during the trial on behalf of,
and as part of the trial.>?3 Intervention delivery fidelity and intervention dosage (CONSIDER
Delivery), and participant adherence (CONSIDER Receipt) were assessed with data from the 1677
physiotherapy and surgical case report forms (appendix V figures 5.1, 5.2) collected for 225
participants across 29 participating sites in the UK. These recorded participant adherence with
their rehabilitation program and the fidelity of their rehabilitation programs to the mandatory
aims and goals of the rehabilitation arm. However, in cases where there was missing data and/or
to confirm whether the participant had undergone any treatment, the investigators contacted
the participating site (hospital) or the treating physiotherapist to gather data about the
physiotherapy treatment , the number of sessions and dates when the participant attended

physiotherapy.

Anonymized data for participants’ treatment session attendance (physiotherapy), treatment site,
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session duration, session content as categorized as in the CRF, physiotherapist staff grade,
discharge date and reason for discharge, and therapist comments was extracted into a Microsoft
Excel spreadsheet for analysis. Descriptive statistics were calculated in Microsoft Excel for the
number of CRFs collected, number of rehabilitation treatment sessions attended, dates of
attendance, length (dose), content (type of treatment), and reason for non-attendance or

discharge from physiotherapy treatment sessions.

Descriptions of therapeutic interventions as well as anonymized descriptive information about
adherence, participant progression, or reasons for discharge from rehabilitation were extracted
from the CRFs and imported into the NVIVO12 software package. Thematic analysis was used to
code data extracted from the CRFs.?*® Thematic analysis followed the guidance and
recommended steps of Saldana’s (2016) Coding Manual for Qualitative Researchers, and the
Streamlined Codes-to Theory Model for qualitative inquiry.?* First-cycle coding codes for
participant adherence and intervention were formulated through a review of the CRF forms
using a descriptive (topic) coding method.?*® In second-cycle coding, pattern coding was used to
reanalyse and reconfigure the first-cycle codes categorically and conceptually into a smaller
number of pattern codes (themes).?*” Codes were then grouped into themes for factors
influencing participant adherence. Each theme was then supported with corresponding excerpts

from the CRFs.

Intervention fidelity: Fidelity of delivery

Intervention fidelity assessment was not straightforward in ACL-SNNAP. The trial was highly
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pragmatic and compared participant outcomes for two management strategies, rather than two
specific treatments. A flexible, pragmatic approach to the assessment of intervention fidelity and

adherence was needed that reflected the goals and context of the trial.

Complex fidelity in ACL-SNNAP

As a movement-impairment management strategy, physiotherapy (the rehabilitation arm)
includes a vast array of interventions and a number therapeutic mechanisms which may be
poorly defined.33*? Given this and the need to generalize ACL-SNNAP’s findings to a broad range
of persons, settings, and treatment methods, interventions within the rehabilitation arm were
not strictly defined. This allowed for a wide range of physiotherapy interventions targeting
rehabilitation of the ACL-deficient knee and progression criteria, reflecting the diversity seen in

routine clinical practice.>?

Over sixty therapeutic interventions were listed as notes or addenda in the physiotherapy CRFs.
These ranged from acupressure and wound-care to soft-tissue neural mobilization, blood flow
restriction therapy, and plyometric exercise, covering a wide range of potential active
ingredients and therapeutic mechanisms. Additionally, the rehabilitation CRFs included
intervention categories, based on the desired progression for the trial (tables 5.2: representing
the activities specified in the study protocol, and 5.3: what was actually delivered), but
interventionists did not routinely report individual therapeutic interventions performed during

treatment sessions.
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Stages of Rehabilitation

Mandatory
aims/goals of the
rehab. intervention

0-6 weeks

7-12 weeks

>3 months

1. Control of pain
and swelling

Interventions applied to
treat pain and swelling, as
required.

Hydrotherapy
Advice and education
Other

Education on activity
modification to address
activity related swelling,
if required.

n/a

Advice and education
Other

Education on activity
modification to address
activity related swelling, if
required

n/a

Advice and education
Other

2. Regain range of
movement (ROM)

Progressive exercises to
facilitate ROM.
Supervised exercise::
stretching

Home exercise
(instruction/review)
Other

n/a

n/a

Other

n/a

n/a

Other

3. Improve
neuromuscular
control

Exercises aimed at
improving static balance.

Supervised exercise:
proprioception

Supervised exercise:
strength

Home exercise
(instruction/review)
Other

Exercises progressed to
multi angle static
balance and dynamic
balance.

Supervised exercise:
proprioception

Supervised exercise::
strength

Home exercise
(instruction/review)
Other

Further progression of
dynamic balance exercises
and sport specific
activities.

Supervised exercise:
proprioception

Supervised exercise::
strength

Home exercise
(instruction/review)
Other

4. Regain muscle
strength

Bilateral weight bearing
activities. Exercises to
improve quadriceps
strength: unloaded full
activation. Exercises to
improve hamstrings
strength: loaded exercise.
Exercises to improve
strength of other muscles
of lower limb and trunk.

Supervised exercise::
strength

Home exercise
(instruction/review)
Other

Progression of exercises
to improve quadriceps
strength: closed chain
exercises without
limitations. Progression
of exercises to improve
hamstrings strength:
exercises without
limitations. Progression
of exercises to improve
strength of other
muscles of lower
limb/trunk.

Supervised exercise:
strength

Home exercise

Other

Progression of exercises to
improve quadriceps
strength: open chain
exercises without
limitations. Progression of
exercises to improve
hamstrings strength:
exercises without
limitations. Progression of
exercises to improve
strength of other muscles
of lower limb trunk.

Supervised exercise::
strength

Home exercise
(instruction/review)
Other

5. Achieve normal
gait pattern

Education to achieve
normal gait pattern.

On achieving normal
symmetrical gait pattern,

Progression to running on
flat/even surface.
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Gait re-education

Other

progression to fast
walking/jogging
(flat/even surface).

Supervised exercise::
strength
Other

Progressed to unrestricted
running.

Supervised exercise::
strength
Other

6. Return to
function/
activity/sport

Focus on regaining knee
function and achieving
normal symmetrical gait
pattern. No sport specific
activities. Static cycling
without restrictions

Supervised exercise::
strength

Home exercise
(instruction/review)
Other

Individual

Progression to
controlled/ predictable
sports and recreational
activities.

Progression to outdoor
cycling without re-
strictions, cross trainer,
swimming (front crawl).
Supervised exercise::
strength

Supervised exercise::
sport specific
Home exercise

Other
Individual/Group

Gradual introduction to
sport specific exercises.
Sport specific running
agility running drills, sport
specific skills.

Supervised exercise::
strength

Supervised exercise:: sport
specific

Home exercise
(instruction/review)

Other

Individual/Group

Table 5.2: Rehabilitation content and progression of activities, rehabilitation
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Content of rehabilitation sessions | Surgical Management n (%) | Rehabilitation n (%) | Total n (%)

(pre-surgery)

Total number participants 14 121 135

Total number of sessions 64 751 sessions 801 sessions

Advice and education 63 (98.4) 672 (89.5) 735 (90.2)

Supervised exercises

(strengthening] 58 (90.6) 663 (88.3) 721 (88.5)

Supervised exercises (stretching) 38 (59.4) 377 (50.2) 415 (50.9)

Supgrwsed exercises (sport 8 (12.5) 240 (32.0) 248 (30.4)

specific)

Home exercises 60 (93.8) 471 (62.7) 531 (65.2)

(instructions/review)

Gait re-education 10 (15.6) 108 (14.4) 118 (14.5)

Supervised exercises 48 (75.0) 565 (75.2) 613 (75.2)

(proprioception)

Hydrotherapy 0(0.0) 9(1.2) 9(1.1)

Content of rehabilitation sessions | Surgical Management n (%) | Rehabilitation n (%) | Total n (%)

(postsurgery)

Total number participants 58 28 86

Total number of sessions 562 239 801

Advice and education 476 (84.7) 204 (85.4) 680 (84.9)

Supervised exercises 472 (84.0) 167 (69.9) 639 (79.8)

(strengthening)

Supervised exercises (stretching) 351 (62.5) 119 (49.8) 470 (58.7)

Supervised exercises (sport 129 (23.0) 102 (42.7) 231(28.8)

specific)

Home exercises

(instructions/review) 397 (70.6) 146 (61.1) 543 (67.8)

Gait re-education 142 (25.3) 84 (35.1) 226 (28.2)

Supervised exercises 302 (53.7) 111 (46.4) 413 (51.6)

(proprioception)

Hydrotherapy 7(1.2) 2 (0.8) 9 (1.1)
Table 5.3: Intervention category totals in pooled CRFs for pre- and post-surgical rehabilitation, both arms.

Analysing rehabilitation and surgical arm CRFs, the frequency of interventions delivered or

performed in each category were tabulated across participants (table 5.3). However, this did not

provide sufficient information to assess intervention fidelity. Given the wide range of

interventions, active ingredients, and dosages (described later in this section), it was not possible
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to evaluate fidelity at the level of individual participant sessions or interventions. Another way to

assess intervention fidelity in ACL-SNNAP was needed.

AIM la: Can CONSIDER be used to evaluate fidelity in a complex intervention pragmatic trial?

Using CONSIDER, it was possible to find alternate ways to measure fidelity by considering the
trial’s goals and context. Fidelity was assessed at a program level as having fidelity to the
rehabilitation arm’s program theory (part of CONSIDER Design and Delivery) rather than at the
level of individual interventions. A program theory provides a model for how interventions
should be structured or administered to achieve a therapeutic outcome and goals that define

the structure, process, and outcomes of a program.33?

While the ACL-SNNAP trial protocol did not specify which interventions could be delivered in the
rehabilitation arm, it did specify a desired progression of therapeutic activities toward those
targeting return to sports or functional activities (table 5.2), representing the rehabilitation arm’s
program theory.”%* Fidelity in ACL-SNNAP was assessed by investigating the number of
participants whose rehabilitation program included a progression towards supervised, sports
specific exercises on the case report forms, or fidelity to ACL-SNAAP’s program theory. Analysis
of rehabilitation CRFs found interventions reported in the return to sport category included
cycling, impact-treadmill running, progressive football-related exercise, on-pitch exercises, agility

training (sport), sports-training exercises, and swimming, amongst others.
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Fidelity was coded categorically:
1. Fidelity not maintained: Rehabilitation program did not include return to sports or
functional activity (lacked fidelity to the rehabilitation arm’s program theory).
2. Fidelity maintained: Participates completed the minimum adherence (60 days+) and
had a rehabilitation program including a progression toward return to sports and
function.
3. High degree of fidelity: Participants completed the minimum adherence (2 or more
sessions of physiotherapy over more than a 60-day period) and a rehabilitation program

that included a progression toward return to sport or functional activity.

AIM |b Describe the types of fidelity and adherence experienced in an ongoing clinical trial

The resulting analyses found that Intervention fidelity was moderately high in the rehabilitation
arm (table 5.4).138 Seventy-two percent of participants who were randomized to, and
completed, any amount of physiotherapy met fidelity criteria (table 5.4). Additionally, the
physiotherapy programs of 55 of the 95 (58%) participants with high adherence also included a

progression to sport-specific exercises (table 5.4), for a moderate degree of fidelity.
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insufficient or no rehab

Intervention arm Group n Total Mean (SD) Range Compliance or
sessions n sessions fidelity rate (%)

Non-surgical arm Participants randomised to 160 1039 6.3(6.7) 0-35
rehabilitation arm median 4
Participants completed any 125 1039 8.0(6.7) 2-35 78.0%
amount of rehab median 6

Adherence

Physiotherapy takes place

over > 60-day timespan

All adherence Participants were randomised to 125/160 1039 8.0(6.7) 2-35 78.1%
the nonsurgical arm (rehab), median 6
completed any amount of
physiotherapy (> 2 sessions, >60
days)

Low/partial adherence Participants were randomized to 34/160 - - - 213 %
and started rehabilitation but did
not meet adherence criteria

High adherence Participants randomised to 95/160 959 10.1(7.6) 3-35 59.4%
physiotherapy, met compliance median 8
criteria.
Among participants randomized to | 95/125 959 10.1 (7.6) 3-35 76.0%
physiotherapy who began it, met median 8
adherence criteria

Fidelity

Physiotherapy included Participants who completed any 90/125 - - 3-35 72.0%

progression of activities amount of rehab and rehab.

toward return to sport or Program met fidelity criteria.

functional activity

High degree of fidelity Participants had high compliance 55/95 594 11.6 (8.5) 2-35 58.0%
to rehab and physiotherapy median 10
program met fidelity criteria.

Number of days in rehab Pts who completed any amount of | 125 16825 136.8 (111.4) | 1-476
physiotherapy median 113
Participants with high compliance 95 16172 170.2 (104.6) | 60-476
(> 60-day timespan) median 136

Surgical arm Participants randomized to the 156
surgical reconstruction arm

Adherence Participants randomized to and 113/156 635 10.08 1-31 72%
had surgical reconstruction

High adherence Participants had surgical reconst. 110/156 621 9.3(7.17) 1-31 70.5%
And completed post-surgical
rehab. Over at least a 5-month
timespan.

Low/partial adherence Had surgical reconstruction, but 3/156 14 1.55(.53) 0-2 2%

Table 5.4: Fidelity and adherence data
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Intervention dosage (CONSIDER Delivery):

Determining the Intervention dosage received by participants presented a particular challenge
in fidelity assessment in ACL-SNNAP (table 5.5). Amongst the 121 participants in the
rehabilitation arm receiving physiotherapy, the average number of individual or group
physiotherapy sessions received was 5, but the range of sessions was wide at 2-35. The most
frequent number of sessions attended was 6. Once group exercise classes were removed, the
average duration of an individual session was 41 minutes, with a range of 5-60 minutes. The

most frequently recorded sessions length (mode) was 30 minutes.
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REHABILIATION ARM

Surgical Management

Non-Surgical (Rehabilitation)

Total

Received rehabilitation n (%) 14/156 (9.0) 121/160 (75.6) 135/316 (42.7)
Average number of sessions prior to 3(2,5) 5(3,12) 4(3,7)
surgery (if had), (median IQR)
Total number of sessions pre-surgery 64 751 815
(all participants)
Staff grade, n (%)
5 10 (15.6) 81(10.8) 91(11.2)
6 38 (59.4) 376 (50.1) 414 (50.8)
7 15 (23.4) 166 (22.1) 181 (22.2)
8 1(1.6) 61(8.1) 62 (7.6)
Other 0(0.0) 67 (8.9) 67 (8.2)
Session length, mean (SD) 45.0(13.2) 40.2 (13.1) 40.7 (13.2)
Total session time per person 212.5(297.4) 259.5 (345.6) 254.6 (340.2)
mean (SD)
Type of session, n (%)
One-to-one 31(48.4) 436 (58.1) 467 (57.3)
Group based 33(51.6) 315 (41.9) 348 (42.7)
Session content, n (% of total
sessions)
Advice and education 63 (98.4) 672 (89.5) 735(90.2)
Supervised exercises (strengthening) 58 (90.6) 663 (88.3) 721 (88.5)
Supervised exercises (stretching) 38 (59.4) 377 (50.2) 415 (50.9)
Supervised exercises (sport specific) 8(12.5) 240 (32.0) 248 (30.4)
Home exercises (instructions/review) 60 (93.8) 471 (62.7) 531 (65.2)
Gait re-education 10 (15.6) 108 (14.4) 118 (14.5)
Supervised exercises (proprioception) 48 (75.0) 565 (75.2) 613 (75.2)
Hydrotherapy 0(0.0) 9(1.2) 9(1.1)
POST-SURGERY REHAB Surgical Management | Non-Surgical (Rehabilitation) Total
Received rehabilitation n (%) 58/105 (55.1) 28/52 (53.8) 86/316 (27.2)
Median number of sessions prior to 8 (4, 16) 7(2.5,12) 8 (4,13)
surgery (IQ range)
Total number of sessions pre-surgery 562 239 801
(all participants)
Staff grade, n (%)
5 52(9.3) 17 (7.1) 69 (8.6)
6 232 (41.3) 131 (54.8) 363 (45.3)
7 141 (25.1) 51(21.3) 192 (24.0)
8 53(9.4) 10 (4.2) 63 (7.9)
Other 69 (12.3) 6(2.5) 75 (9.4)
Session length, mean (SD) 40.6 (14.1) 41.7 (15.6) 41.0(14.5)
Total session time per person 357.8(312.8) 332.0(402.3) 349.4 (342.3)
mean (SD)
Type of session, n (%)
One-to-one 375 (66.7) 144 (60.3) 519 (64.8)
Group based 172 (30.6) 71(29.7) 243 (30.3)
Session content, n (% of total
sessions)
Advice and education 476 (84.7) 204 (85.4) 680 (84.9)
Supervised exercises (strengthening) 472 (84.0) 167 (69.9) 639 (79.8)
Supervised exercises (stretching) 351 (62.5) 119 (49.8) 470 (58.7)
Supervised exercises (sport specific) 129 (23.0) 102 (42.7) 231 (28.8)
Home exercises (instructions/review) 397 (70.6) 146 (61.1) 543 (67.8)
Gait re-education 142 (25.3) 84 (35.1) 226 (28.2)
Supervised exercises (proprioception) 302 (53.7) 111 (46.4) 413 (51.6)
Hydrotherapy 7(1.2) 2(0.8) 9(1.1)

Table 5.5: Participant adherence and intervention program characteristics
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Participant adherence

Following the CONSIDER framework, participant adherence was defined as participants’ initiation
of their allocated intervention strategy and meeting the prescribed level of attendance in
intervention sessions or trial activities. In the ACL-SNNAP trial, this describes whether
participants began physiotherapy and participated in therapy sessions at the frequency required
by the study protocol (at least 2 sessions over a 60-day period, with at least 6 total treatment

sessions over a 90-day period).>®* Adherence was classified as:

Non-surgical (rehabilitation) arm:

1. All: Participants allocated to and completed any amount of rehabilitation.

2. High: Participants allocated to and completed rehabilitation per the mandatory aims
of the protocol, with at least 2 sessions over at least a 60-day period.

3. Partial (any): Participants allocated to and completed rehabilitation but not over a 60-
day period. This included participants who started rehabilitation too close to final 18-
month study completion date to have therapy over 60 or more days.

4. Insufficient: Participants attended less than 2 therapy sessions (insufficient
rehabilitation).

5. None: Participants were allocated to rehabilitation but did not start it (no record of

physiotherapy attendance).

Surgical arm:

1. Participants allocated to surgery and had surgery and post -surgical rehabilitation
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over at least a 5-month timespan.
2. Partial: Participants allocated to surgery and had surgery and insufficient or no post-
operative rehabilitation.

3. None: Participants were allocated to surgery but never had it.

L Completed rehab, no surgery 61 (38.1%) J
No surgery L Started but insufficient rehab or unknown rehab completion 25 (15.6%) J
95 (59%) H
/ L Did not start/never had rehabilitation 9 (5.6%) J
Rehabilitation
(non-surgical
manag:oment) L Completed rehab, underwent surgery, completed post-op rehab 25 (15.6%) J
Had surgery L Completed rehab, underwent surgery, insufficient post-op rehab 14 (8.8%) J
65 (41%
L Did not start or insufficient rehab—underwent surgery 26 (16.3%) J
Randomised
n=316
L Had surgery, completed post-op rehab 110 (70.5%) J
Had surgery
113 (72%
L Completed surgery but insufficient fu time/post-op rehab 3 (1.9%) J
Surgery
(surgical
rew”:g;mm) | Didnot have surgery, stll awatting surgery at 18 montfs 11 (7.1%) J
AN "
o surgery ’ I
[ 43 (28%) > [ Did not have surgery, chose to undergo rehabilitation 17 (10.9%) J
L Did not have surgery (various reasons) 15 (9.6%) J

Figure 5.3: Adherence to treatment. Adapted from Beard et al., 202234

Adherence was moderate in the non-surgical reconstruction arm, with 78% (125 of 160) patients

randomized to the rehabilitation receiving any amount of physiotherapy (tables 5.6).
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ACL-SNNAP: Treatment adherence by intervention arm |

Non-Surgical Management (Rehabilitation) n (%)
Completed rehabilitation, no surgery 61 (38.1)
Completed rehabilitation but underwent surgery, completed post-op rehabilitation 25 (15.6)
Completed rehabilitation but underwent surgery, insufficient post-op rehabilitation 14 (8.8)
Started rehabilitation but insufficient rehabilitation or unknown rehabilitation completion 25 (15.6)
Did not start rehabilitation (never had any rehabilitation) 9(5.6)
Did not start or insufficient rehabilitation—underwent surgery 26 (16.3)

Surgical Management (Reconstruction) n (%)
Had surgery, completed post-op rehabilitation 110 (70.5)
Did not have surgery 15 (9.6)
Did not have surgery, still awaiting surgery at 18 months 11 (7.1)
Did not have surgery, underwent rehabilitation 17 (10.9)
Completed surgery, but insufficient follow up time/post-operative rehabilitation 3(1.9)

Table 5.6: Treatment adherence and non-adherence. Adapted from Beard et al., 20223%

There was moderate non-adherence to surgical reconstruction in the surgical arm, with only 113
of 156 (72%) of participants allocated to that arm receiving ACL reconstruction (tables 5.4 and
5.6). Among the 28% of participants who ultimately declined surgery, some opted out of
reconstruction because their knee function improved before surgical reconstruction, others
declined because of work related conflicts, while 7% of participants in the were still awaiting
surgery at the end of the trial follow-up period. In 9.6% of cases of non-adherence, participants
did not have surgery for unknown reasons. Among the 113 participants completing surgical
reconstruction, adherence to rehabilitation (post-surgical) was also higher than in the non-
surgical arm, with 110 of 156 patients (70.51%) completing rehabilitation according to the
mandatory aims of the surgical arm compared to 59.4% among participants randomised to the

rehabilitation arm.

Adherence to intervention allocation was higher in the rehabilitation arm (78.13%) than in the

surgical arm (72%) (tables 5.4 and 5.6), but participants’ adherence to the rehabilitation program

262



(CONSIDER Receipt) was lower, with 95 of the 160 participants allocated to the rehabilitation
arm attending physiotherapy over a minimum timespan of 60 days, for an adherence rate of
59.4%. Thirty-four (24%) participants randomized to the non-surgical reconstruction arm had
insufficient rehabilitation (less than the minimum 2 sessions over 60 days). Of those, 9 had no
record of having started rehabilitation, while 25 started rehabilitations but it was unknown how
much of the intervention they completed. These figures highlight both the difficulties of
maintaining adherence to rehabilitation in real-world settings, and collecting and validating data

for non-adherence from routinely collected records in pragmatic trials.?®°2°

A substantial percentage (41%) of participants allocated to the rehabilitation arm ultimately
underwent surgery. This was an expected outcome for participants in the trial and may reflect
limited ability to stabilize an unstable, ACL-deficient knee with exercise therapy alone rather than
insufficient rehabilitation due to poor participant adherence.”'® Previous studies of
rehabilitation versus surgical management for persons with acute ACL injury found 50% of
participants went on to require surgery.”'® However, it is important to note that 26 (40%) of
those participants in the rehabilitation arm, who ultimately underwent reconstruction surgery,

did so early on in their course of treatment, having no or very little physiotherapy.

What can this tell us about adherence in complex intervention clinical trials?
ACL-SNNAP also afforded an opportunity to explore factors influencing adherence, and non-
adherence, to interventions in a live pragmatic trial. Various factors contributed to the

adherence rate in both intervention arms, including the impact of the COVID-19 pandemic on
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the availability of surgery and provision of physiotherapy.3*° One hundred twenty-six
descriptions for participant non-adherence or participants dropping out of physiotherapy were
extracted from the physiotherapists’ CRFs. These were coded and thematically analysed with
NVivo 12 to create seven themes for poor participant adherence or discharge from

physiotherapy (table 5.6).

A key finding of this analysis is that the most frequently reported reason for non-adherence to
rehabilitation were participants not being satisfied with their progress with rehabilitation or 26%
(33/129) of reported reasons. This was followed by reinjury or flare-up of knee pain or instability
for 16%, (21/129) of reports, difficulties with scheduling, securing childcare, getting to
physiotherapy or moving to another city in 15% (19/129), and the COVID-19 pandemic in 9%,
(11/129) of reported reasons for non-adherence. Participants having difficulty performing the
rehabilitation exercises accounted for only 7% (9/129) of reported reasons, while participant
illness accounted for 6% of reported causes of poor or non-adherence. The cause of poor or
non-adherence was unknown in 20% (26/129) of cases. In the surgical reconstruction group, the
reason for not undergoing surgery was the COVID-19 pandemic (14%), work commitments (7%),
and participants moving out of the area (7%), while the reason for non-adherence was unknown
in 32% of participants who were allocated to the surgical group but did not have reconstructive

surgery.
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Theme n Examples of descriptive passage from case notes
Pt. Scheduling difficulties 9
Childcare difficulties or other | (3) | “Patient cancelled appointment on day due to childcare commitment.”
family-related difficulties
made it difficult to attend
therapy.
Unable to keep schedule (5) | “Unable to attend physiotherapy due to work commitments. patient was
because of work or other discharged from orthopaedic consultant clinic and physiotherapy
commitments department.”
“Starting a new job with travel.”
“busy with exams.”
Patient late for appointment | (1) | “Patient late therefore only time for advice”
Pt moved away 10
Patient moved away or 10 “Sessions stopped because patient moved abroad.”
abroad-or requested physio “Patient is moving abroad. Poor compliance with exercises.”
elsewhere “Patient relocated to London “ (Also to Spain, Lithuania, Canada, and USA)
Pt. difficulty with dosageor | 9
compliance with program
Patient found the frequency (5) | “Finding it difficult to stick to consistent paced rehab.”
of physio difficult to “Patient reports she has had little time to complete exercises as taking
maintain- time consuming exams”
“overloaded and exercises regressed. Advice given on importance of
consistent exercise”
Poor compliance with (4) “Finding it difficult to stick to consistent paced rehab. Aware that surgery
exercises may not be an option.”
“Patient hasn't improved at all with any of the markers and her
compliance with her HEP is poor, she is unable to recall her exercises or
demonstrate them effectively.”
Poor patient attendance-no | 26
reasons given
Patient was discharged (8) | “discharged from physiotherapy and class due to poor attendance.”
because of poor attendance “Discharged not attendance or contact for 4 months to the physiotherapy
department"
“patient attended once and dna x5”
Patient stopped attending (18) | “Stopped attending the class, not responsive to attempts to contact.”
physio-no reason given “Participant did not return to see physiotherapist after 2nd treatment
session.”
“This patient was seen for an initial assessment and was given lower limb
strengthening programme, but subsequently failed to attend any further
sessions.”
“During this time, | the Research Nurse and the physio tried to contact the
patient to see if he was ok and if he wanted further appointments either
with Physio or with a consultant. Despite a few calls and an email, no-one
answered the calls, and the patient did not respond to the email | sent...”
COVID-19 Pandemic Effects | 11
Covid-19 pandemic 11 “ACL class was disrupted by Covid-19. Patient encourage for home

interrupted care

exercise, details given to contact the department if feel she need
physiotherapy after covid, but she has not contacted.”

“Please note Physiotherapy sessions stopped early due to Covid
pandemic. Physiotherapy clinic closed due to staff redeployment to Covid
wards. Patient would normally receive 12 sessions.”
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“Due to coronavirus done over the phone.”

no clinical benefit

Life event or unforeseen 1 “Friend died so spoke on the phone.”

event

Re-injury or flare-up of pain | 21

or instability

Patient was re-injured (11) | “"Re-injury to Left knee Feb 2020. Second MRI shows partial tear to ACL
graft and a tear to lateral meniscus. Awaiting arthroscopy. Physio D/C as
no clinical benefit.”
“had further fall and new MRI showed bucket handle tear-not to be
included in further study physio.”

Patient was experiencing (10) | “In flare up -limited participation “

pain-stopped or decreased “Patient states increase pain. Struggling to come to terms with chronic

compliance with physio knee pain.”
Patient reports ongoing pain and requested a review in clinic."

lliness 8

Patient was ill or unwell 8 “Has not been able to do rehab has been unwell.”
“patient unwell tonsillitis.”
“recent appendectomy.” “Injured left side.”

Pt. unsatisfied with progress | 33

Patient felt knee was still too | (12) | “Patient requested referral back to surgeon for instability.”

unstable “Swapped from Physio-surgery as still complaining of instability “
“Knee continued to give way despite rehab. Referred back to Orthopaedic
consultant.”
“Decision made patient was an ACL “non-coper” and listed for ACL
reconstruction surgery.”

Patient not satisfied with (21) | “The pt requested a follow-up appointment with the surgeons but the

progress, or elected surgery physio was unaware of this. However, the patient then indicated that he
was dissatisfied with his progress and wanted to seek a second opinion in
Lithuania.”
“Patient had an appointment with a consultant and requested surgery due
to being dissatisfied with physio progress.”
“Patient hasn't improved at all with any of the markers and her
compliance with her HEP is poor, she is unable to recall her exercises or
demonstrate them effectively. Still complains of pain and instability.”
“Patient had an appointment with a consultant and requested surgery due
to being dissatisfied with physio progress.”
“reports he would like to have the ACL reconstructed and discontinue
Physiotherapy.”
“Patient was not satisfied with their physio progress and wanted
surgery.”

Patient satisfied with 2 “Patient did not want to return to sport without having reconstruction

physio, but still preferred due to increased risk of re-injury.”

surgery

Physio discharged patient: 1 Physio D/C as no clinical benefit

Table 5.6: Kinds of participant non-adherence and reasons
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AIM I1I: How do fidelity and adherence issues influence interpretation of the trial results?
The ACL-SNNAP trial found that surgical reconstruction was a clinically superior and more cost-
effective management strategy for persons with non-acute ACL injury and persistent knee
instability to rehabilitation management (table 5.7).3*° An adjusted mean difference (KOOS4) of
7.9 (95% Cl 2.5, 13.2; p=0-0053) favoured of surgical management over rehabilitation. Intention
to treat (ITT) analyses did not substantially alter this, resulting in an adjusted mean difference of
8.3 (33, 13.3),p=0:0012. However, participant adherence and intervention fidelity varied
between both intervention arms, and the complex nature of the interventions created several
potential treatment pathways through which participants progressed. The degree of participant

adherence had a quantifiable influence on treatment effect estimates.

Both the PPc and PPp analyses supported the ITT analysis results, significantly favouring surgical
management3*°. However, the PPc, representing the highest degree of adherence, resulted in
adjusted and unadjusted mean differences that were lower than the primary outcome (ITT)
analyses, while both the adjusted and unadjusted PPp analyses, which included any amount of
adherence to treatment, resulted in larger treatment effects than the ITT (table 5.7).34°
Nevertheless, these pre-specified analyses undertaken to account for potential non-adherence
consistently indicated a benefit for surgical management over rehabilitation for the trial’s
primary outcome (KOOS4) at 18 months. In a trial with large, robust treatment effects, like ACL-
SNNAP, the per protocol analyses may ultimately not have been necessary. However, it can be
difficult to predict, a priori, to predict the magnitude of treatment effects that will be found in a

trial, and whether per-protocol analyses will influence their interpretation.
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Study arm

Surgical reconstruction

Rehabilitation

Surgical reconstruction vs. rehabilitation

(KOOS4 scores) Mean (SD) Mean (SD) Mean difference p value
(95% Cl)

Mean, intention to treat (SD)

Adjusted* 72.4 (24.4) 64.88 (22.41) 7.86 (2.5-13.2) 0.005
n=128 n=120

Unadjusted 72.97 (19.98) 64.63 (19.98) 8.34 (3.3-13.3) 0.001
N=128 N=120

Per protocol conservative

Adjusted 76.1(19.87) 68.8 (20.15) 7.3(0.8-13.8) 0.030
n=94 n=73

Unadjusted 75.9 (16.1) 69.05 (17.26) 6.85 (1.5-12.2) 0.012
N=94 N=73

Per protocol pragmatic

Adjusted 75.83(19.71) 64.6 (22.04) 11.23 (5.7-16.8) <0.001
n=95 n=100

Unadjusted 75.66 (19.07) 64.76 (19.07) 10.9 (5.5-16.3) <0.001
N=95 N=100

*Main result for primary outcome

Table 5.7: Intention to treat and per-protocol analyses for ACL-SNNAP primary outcome (KOOS4).

Adapted from Beard et al., 2022349

In ACL-SNNAP, issues of adherence to allocated treatment and fidelity of treatment content

were potential limitations, though threats from these factors were low. Despite detailed

recording and reporting of adherence and fidelity in the rehabilitation arm, these were a relative

weakness in the trial. Adherence data allow some confidence in determining whether

participants in the surgical arm underwent their allocated treatment or not, but this was less

distinct in the rehabilitation arm.>?® This could be perceived as a weakness in the design of the

trial. However, it was also an expected pattern of adherence for a pragmatic trial of

rehabilitation interventions. The nature of the two management strategies in ACL-SNNAP may

have influenced this. While the surgical procedure was very clearly defined, rehabilitation was

less defined and took place over a significantly larger length of time and treatment sessions.
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AIM l1I. What insights about the results of the meta-epidemiological study were gained
through the experience of trial conduct and reporting in ACL-SNNAP ?

Per protocol analyses in ACL-SNNAP produced results echoing findings in the meta-
epidemiological study in chapter IV. In the meta-epidemiological study, systematic differences
were found between effect estimates in complex intervention trials achieving intervention
fidelity and participant adherence compared to those without it. Intervention fidelity had a
quantifiable influence on treatment effect estimates, with lower degrees of fidelity and
adherence in the experimental intervention associated with larger treatment effect estimates
(meta-regression coefficient 0.235, 95%Cl: 0.675,-0.402).°2° In ACL-SNNAP, all treatment effects
favoured surgical management, with both an adjusted mean difference (7.86 95% Cl 2.54,13.19)
and unadjusted mean difference (8.34 95%Cl: 3.3, 13.3), or a moderate Cohen’s d of 0.42. The
PPP and PPc analyses supported the intention to treat analysis results. However, the PPc,
representing the highest degree of adherence and fidelity, resulted in a slightly smaller mean
difference in favour of surgical management than the ITT results (adjusted: 7.3 95% CI 0.8, 13.8

and unadjusted: 6.85, 95%Cl: 1.5,12.2), or a smaller Cohen’s d of 0.35.

However, while the treatment effect estimate was reduced by the conservative per protocol
analysis (PPc —an analysis that was “fidelity strict”), it did not change the overall findings
favouring surgical management over rehabilitation in ACL-SNNAP. As also found in the meta-
epidemiological study, trials with moderate to large treatment effects ( > 0.40, Cohen’s effect
size®’) were more robust against potential bias (SMD of -0.23 to -0.24) introduced by poor or

absent fidelity than those with small pooled treatment effects (0.2 - 0.49%7). This reinforces our
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conclusion that poor or absent intervention fidelity can bias treatment effect estimates, but the

implications should be interpreted in the context of individual trials, and with care.

DISCUSSION

CONSIDER in a pragmatic RCT: insights gained in the ACL-SNNAP trial

The primary aim of this chapter was to gather insights about the CONSIDER framework and the
results of the meta-epidemiological study through the greater level of granularity available from
data gathered prospectively in an ongoing clinical trial. In essence, we set out to “field test” the
CONSIDER framework in the ACL-SNNAP trial. Key aspects of the framework and the meta-
epidemiological study were validated and several important insights about fidelity monitoring
and fidelity reporting in complex intervention clinical trials were gained.

The ACL-SNNAP trial presented challenges for fidelity, both in its design as a pragmatic trial
comparing management strategies rather than stand-alone interventions, and in the unique
circumstances resulting from conducting the trial during the COVID-19 pandemic. The wide
range of interventions applied in the rehabilitation arm reflect routine clinical practice in the NHS
but made it impossible to evaluate intervention fidelity at the level of individual participant
sessions or interventions. The CONSIDER framework constructs fidelity in a multifaceted way,
rather than modelling fidelity through one lens alone (for example, only as strictly controlled

delivery of an intervention as per the treatment manual).

270



The CONSIDER framework facilitated identification of fidelity to the interventions arms’ program
theory, rather than individual treatments, better suiting the aims and context of the trial.>% It
also facilitated consideration of the contribution of both the interventionists’ and the
participants’ actions (adherence to treatment allocation and compliance with the prescribed
amount of treatment) to intervention fidelity. The framework’s fidelity components, design (the
program theory for the trial and goals of the management strategies), delivery (actions of the
interventionists) and receipt (actions of the participants), facilitated fidelity monitoring that was

tailored to a complex trial in a real-world setting.

This approach supports those employed in pragmatic trials of other complex interventions of
patient care management strategies, such as the BRITE trial.>?” The BRITE study is a pragmatic
trial investigating the effectiveness of two transitional care models for patients with traumatic
brain injury (TBI) being discharged from inpatient rehabilitation. Both ACL-SNNAP and BRITE
investigated complex management strategies, allowing flexible implementation based on patient
and site-specific factors. The experience of applying CONSIDER in the ACL-SNNAP illustrated that,
as in the BRITE study, intervention fidelity can be challenging to define and monitor in highly
pragmatic trials. Such trials may require a flexible fidelity model that can be adapted to the aims
and contexts of individual trials, rather than a rigidly defined framework assessing a single

dimension of intervention fidelity.?16->2

There were also limitations to CONSIDER’s approach in this type of trial. Fidelity assessment

frameworks are typically designed to rate set criteria for intervention delivery the same way

271



across all participant engagements with an intervention. However, this may not be possible, or
even desirable, with pragmatic trials of intervention management strategies as in ACL-SNNAP.
The focus of the trial was on the effectiveness of the management strategy, rather than its
component interventions, encompassing a wide range of rehabilitation interventions and a high
degree of allowable intervention tailoring. This reflects real-world physiotherapy practice and
physiotherapy as an applied science, rather than a distinct treatment, but also increased the
complexity of assessing fidelity in this kind of pragmatic trial.332°?* Nevertheless, we were able to
assess the fidelity of participants” intervention program to the trial’s underpinning program
theory (part of CONSIDER’s design and delivery categories) and participant adherence
(CONSIDER-receipt), reflecting the aims and objectives of ACL-SNNAP and the framework’s

flexible fidelity construct.

Other aspects of the design of the CONSIDER’s framework were also explored through its use in
ACL-SNNAP. During the best-fit framework synthesis used to formulate CONSIDER, participant
enactment, or whether study participants use treatment-related skills in their daily lives, was
excluded from the final synthesized fidelity framework.3!! We proposed that participant
enactment would represent behaviours occurring in participants’ everyday life, away from the
trial setting, and there would be no way to observe or assess it in a clinic-based trial. We also
theorised that a trial participant may receive a treatment delivered with perfect fidelity, and yet
be unwilling or unable to apply it in daily life.3! This may be influenced by a variety of factors not

related to the degree of fidelity with which the intervention was delivered, such as low
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intervention acceptability, forgetting to do it, lacking a suitable setting or time to perform the

activities, or losing interest in the intervention.”?

This rationale was supported by the thematic analysis of poor participant adherence in ACL-
SNNAP. Around 70% of the recorded reasons for participants’ poor or non-attendance in
physiotherapy treatment sessions or their choosing to discontinue physiotherapy related to
factors lying outside of the interventions (rehabilitation) themselves , such as participants being
too busy, having scheduling difficulties, difficulties arranging childcare, or illness. Only 4% of the
reasons for poor adherence related to the participants’ difficulties performing exercises between
therapy sessions or maintaining the frequency of interventions. A much larger percentage of
reports of participant poor adherence (26%) were attributed to participants being unsatisfied
with their progress with rehabilitation, supporting our previous suggestions that participant
enactment may be an indication of the efficacy of interventions, rather than the fidelity with

which they are delivered.*®

The analyses of participant adherence data in this chapter also illustrated how a variety of
factors can influence adherence to rehabilitation or surgery in pragmatic trials. Several other
factors influencing adherence to physiotherapy had been identified previously, ranging from pre-
injury activity levels, pain, depression, self-efficacy, social support, the duration of physiotherapy
and complexity of therapeutic interventions the participants must perform.?8°28°2 The COVID-
19 pandemic also introduced unique challenges to adherence in ACL-SNAPP, whether by

reducing the availability of surgical reconstruction or the feasibility of in-person rehabilitation.
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Despite these challenges, adherence to rehabilitation and surgery in ACL-SNNAP ranged between
59-63% and 71-72%, respectively. Lower participant adherence to outpatient physiotherapy for
lower extremity and musculoskeletal conditions has previously been described, ranging from 10-
35%, 28°28530 while non-adherence can reach upwards of 70% in primarily self-managed, home-

based physiotherapy programmes.>?°

An important finding in ACL-SNNAP was that the conservative per protocol analyses (PPc),
representing the highest degree of fidelity and participant adherence, resulted in only a small
reduction in treatment effect estimates derived from the ITT analysis. This further supports
findings for the superiority of surgical management, indicating they were not likely due to poor
fidelity in the rehabilitation arm. As found in the meta-epidemiological study, fidelity and
adherence can have a quantifiable influence on treatment effect estimates. Like the results of
the meta-epidemiological study, the size of the difference may not change the interpretation of
treatment efficacy or effectiveness when trials result in robust estimates of treatment effects.
Nevertheless, the potential difference in treatment effects influenced by intervention fidelity is
important to consider. In a trial with smaller differences in treatment effect estimates between
interventions than ACL-SNNAP, a similar bias in treatment effect estimates may lead to different
interpretations about intervention effectiveness. This was demonstrated in the loss of statistical
significance in pooled treatment effects found in 3 of the meta-analyses in Chapter IV when their

treatment effect estimates were adjusted for a hypothetical loss of fidelity (table 5.7).
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These findings highlight the importance of considering intervention fidelity and participant
adherence, and how to analyse and interpret them, when analysing the results of pragmatic
trials. They also support the use of per-protocol analyses, which rely on fidelity and adherence
monitoring, to complement intention to treat (ITT) analyses in complex intervention RCTs.
Intention-to-treat analyses estimate the effect assignment to an intervention in a trial, but not
the effect of the treatment itself on participant outcomes.®® They are agnostic about poor
participant adherence, protocol deviations, use of proscribed co-interventions, participant

withdrawal, and anything that happens after randomization.%®%°

Intention to treat analyses will signal sufficiently large treatment effects (signals), but differences
in treatment effects resulting from poor fidelity or adherence may bias their results. For
example, a potential limitation identified in the ACL-SNNAP publication was that the due to the
proportion of participants allocated to surgical management who did not undergo surgical
reconstruction, the true benefit of surgical reconstruction could have been somewhat greater

than suggested by the ITT analysis.3*°

As demonstrated in ACL-SNNAP, randomised controlled trials of interventions such as
physiotherapy can produce complex clinical pathways that present challenges for fidelity and
adherence. Including all participants randomized to a group in primary analyses, even if they
were non-adherent, dropped out early, or received modified or poorly delivered treatment, may
lead to under or overestimated treatment effects.’®>3! Poor fidelity or adherence concentrated

in one study arm may also bias estimates of treatment effects toward one treatment, or diminish
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differences between treatments if they occur across study arms.’®>3! For example, participants
in a study with a rehabilitation treatment arm who did not receive sufficient therapy or stopped
attending physiotherapy early could weaken the treatment effect of the rehabilitation treatment
arm in an ITT analysis, biasing the analysis of the treatment’s effectiveness. In ACL-SNNAP for
example, improved adherence in the rehabilitation arm could lead to a lower mean difference
between the surgical and rehabilitation arm, while better adherence in the surgical arm could

increase the difference in outcomes between them.

Per-protocol (PP) analyses can complement ITT analyses by taking deviations from the study
protocol and participants’ adherence to treatment strategies into account, providing an estimate
of the true efficacy of an intervention among those who completed the treatment as
planned.®®% Per-protocol analyses can also become a valuable strategy for sensitivity analyses
when a trial investigates interventions with convoluted clinical pathways or greater scope for
variations in intervention delivery, such as the ACL-SNNAP trial. However, care must be taken
when designing and interpreting PP analyses, as subjects may withdraw from a study or be non-
adherent with treatment due to their response to the treatment.®® Participants who do or do not
adhere to a study protocol may also differ from each other with respect to pre-randomization
and post-randomization prognostic factors that may have influenced their adherence, and this

should be adjusted for in PP analysis.

Nevertheless, the PP effect in a trial is less likely to be biased by incomplete adherence or

departures from the study protocol and may provide treatment effect estimates of greater
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interest for patients or persons considering whether to use a treatment.?®°3! A pragmatic trial
may ask, essentially, whether an intervention can work in real-world settings, as well as whether
it does work given how providers and participants interact with it. If a trial investigates whether
an intervention can work, intervention fidelity and adherence data are essential for interpreting
the results. For example, someone trying to decide whether to use a contraception method may
want to know its estimated effectiveness when it was used as indicated, rather than the
estimated effectiveness in a sample in which 40% of study participants did not use is properly.*®
If the trial asks whether an intervention does work in the context or “landscape” it is meant to be
used in, a more pragmatic per-protocol approach may be needed (the PPp in ACL-SNNAP). Here,
for example, fidelity and adherence data may provide important information about how the
contraception worked when the consumer missed or mistimed one of the doses, but still used

the contraception.

Given the substantial resources required to conduct pragmatic trials, complementing ITT effect
estimates with PP effect estimates can provide a more comprehensive understanding of
intervention effects and increase the amount of information available for clinical decision
making. However, per protocol analyses cannot be undertaken if participant adherence and
intervention fidelity are not monitored, further underscoring the importance of intervention

fidelity in the interpretation of treatment effect estimates in clinical trials.

Insights were also gained into other aspects of CONSIDER recommendations. In line with the

CONSIDER framework’s recommended actions, surgical and rehabilitation arm case report forms
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(CRFs) were disseminated and completed by interventionists participating in the trial with a high
rate of adherence. Case report forms can offer several advantages for fidelity assessment. They
can resemble clinical documentation typically used in routine care settings, can be unobtrusive,
and avoid time-consuming documentation that may interrupt the intervention.?”>?°> They can
also offer systematic collection of intervention delivery details and contemporaneous records of

participant responses when written within a reasonable time after intervention delivery.37>%°

Case report forms have disadvantages as well, however, and those were experienced in this
study. Case report forms may limit trialists’ ability to evaluate fidelity in pragmatic trials if they
do not collect intervention details needed for fidelity assessment. The ACL-SNNAP CRFs provided
information about overall intervention content, allowing for evaluation of fidelity to the program
theory, but granularity about fidelity at the individual intervention level was not possible.
However, determining the relative effectiveness of the rehabilitation arms’ component

interventions was not the goal of the ACL-SNNAP trial.

Additionally, analyses of data from the CRFs in table 5.3 er pooled data from the CRFs for all
across all sessions for all participants. This allowed for an overview of fidelity across all
participants in the trial in aggregate but did not permit analysis of patterns for individual
participants, or groups of participants, over individual sessions, over time. Individual variations
in both fidelity and outcomes could not be assessed, but may yield valuable insights into
participant characteristics influencing fidelity and adherence and variations in fidelity and

adherence over time in individual participants. However, future secondary analyses of data from
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ACL-SNNAP may explore these and yield further insights into fidelity and adherence in pragmatic

complex intervention trials.

What do fidelity monitoring and fidelity reporting in ACL-SNNAP tell us about the meta-
epidemiological study in chapter IV?

A caveat in the meta-epidemiological study (chapter IV) is that reporting quality in RCT
publications may not reflect the quality of trial conduct.**° This raises risk of conflating the
relationship between reporting of study conduct and treatment effect with that of actual
conduct and treatment effect. It is possible that intervention fidelity was monitored but not
reported in some of the RCTs assessed in chapter IV. Indeed, we found that randomised
controlled trials with moderate to large effect sizes reported monitoring fidelity less often than
trials with small effect sizes (Chapter IV, table 4.3). Similarly, the ACL-SNNAP trial publication in
the Lancet reports a large treatment effect but fidelity and adherence were reported only

briefly.

Fidelity reporting: Is absence of proof a proof of absence?

The ACL-SNNAP publication in the Lancet describes monitoring of participant adherence, use of
surgical case report forms to monitor compliance with intervention guidelines, recording of the
content and adherence to post-surgical intervention, and the results of the per-protocol
analyses.>*> However, given the recent experience of working in the ACL-SNNAP trial to assess

intervention fidelity and participant adherence, it is clear that the amount of fidelity and
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adherence monitoring and analysis undertaken in the trial was certainly greater than what was
able to be included, or was essential to, the report for the trial publication, especially given the
robust treatment effects found. This included collecting, coded and extensively analysing 1657
rehabilitation and surgical CRFs to gather important data about participant adherence and
fidelity to the interventions’ program theory. Data for participant adherence and intervention
fidelity were also analysed extensively, as described in this chapter, guided by a theoretical
framework (CONSIDER), addressing a limitation to fidelity monitoring reported in pragmatic trial

and complex interventions literature.??44%7

While fidelity may not have been monitored in papers not reporting it, ACL-SNNAP shows that it
cannot be assumed with absolute certainty that not reporting it means it was not monitored at
all. Editorial constraints limit the amount of information that can be published in papers in
commercial publications, raising the possibility that other trials analysed in chapter IV also have
conducted more extensive fidelity monitoring than was reported in their trial publications. Trials
with robust treatment effect estimates, like ACL-SNAAP, may have monitored fidelity and
participant adherence and conducted per-protocol analyses with fidelity data but not reported
these due to word count and space limits, or because these were not essential data, given the
trial’s results. Fidelity data may have been included in online supplementary materials,
appendices, or in grey literature publications rather than the main paper, raising the risk that
they could be missed by keyword-based literature searches or while being screened for fidelity
monitoring. For example, the National Institute for Health and Care Research (NIHR) Health

Technology Assessment (HTA) Report for ACL-SNNAP>2¢ contained much greater detail about
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fidelity and adherence than the primary trial publication in the Lancet, though this report may

not have been found in a literature search in commercial literature search engines.

Chicken or egg? Fidelity reporting and treatment effects

These factors create a “chicken or egg” conundrum, in which it becomes difficult to determine if
trials’ treatment effects influence fidelity reporting, or if fidelity influences reported treatment
effects. While ACL-SNNAP cannot definitively answer or solve this conundrum, it highlights how
reporting of fidelity can depend on several factors, including a trial’s results, and is a major factor
in the relationship between intervention fidelity and treatment effect estimates observed in
chapter IV. An inescapable limitation of meta-epidemiological studies, including the one in this
thesis, is that they assess the study characteristics that were reported in trial publications, rather
than through direct observations of the trials themselves. The result of direct observation of
intervention fidelity and participant adherence in the ACL-SNNAP trial show how the results of
meta-epidemiological studies should be interpreted with prudent caution when reporting of the

characteristic of interest is poor.

What do CONSIDER and ACL-SNNAP tell us about intervention fidelity in pragmatic clinical

trials?

The results of this chapter, and this thesis, make important contributions to the knowledgebase
for intervention fidelity in complex intervention clinical trials. However, there continues to be

much we do not yet fully understand about intervention fidelity, requiring further consideration
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and investigation. There is little debate about the benefits of intervention fidelity in explanatory
trials, but less consensus supporting fidelity monitoring in pragmatic clinical trials.?2>°92°03 Trials,
or their features, can fall along a continuum between being highly pragmatic or highly
explanatory.3! Intervention fidelity may need to be constructed and monitored differently in a

trial, depending on where it falls along that continuum.

This was borne out in ACL-SNNAP, which required a different fidelity construct than would have
been desirable for an explanatory trial. An explanatory trial which would have been more likely
to favour greater emphasis on the delivery of individual interventions and their faithfulness to an
intervention or study manual and monitoring provider competence (drift) over the course of the
trial, for example. There may be an “outer limit” on the pragmatic trial side of the spectrum that
includes explanatory and pragmatic trials, beyond which fidelity monitoring is no longer
informative, feasible or desirable. That cannot be determined from the research conducted in

this chapter, or this thesis, but presents a compelling question for exploration in future research.

Future directions

Investigators in future pragmatic trials may build on our experiences in ACL-SNNAP when
designing fidelity assessments for pRCTs. For more explanatory trials, specifying interventions
core elements and components, a priori, are essential for fidelity monitoring. In highly pragmatic
PRCTs or pRCTs of management strategies however, other targets for fidelity are needed.

Alternate measures and markers of intervention fidelity can be identified and built-in to the trial
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at the study protocol stage, helping researchers develop new essential targets for fidelity
monitoring.4%332°24 This will also facilitate decision-making over how fidelity is to be monitored
and what, or how many, adaptations can be made to interventions without compromising their

effectiveness.

Consistent monitoring and reporting of intervention fidelity is needed to determine whether
adaptations to treatments or treatment programs during a trial impact their effectiveness or
reproducibility.>3? These adaptations may be made for a variety of purposes and have differing
implications. Some may enhance outcomes by adapting the intervention to the specific
participants or context while preserving core elements needed for the intervention to be
effective.”®3 Other modifications may remove key intervention elements, impacting
intervention’s effects. It may be unknowable, a priori, how some modifications, such as adapting
the dose or context of interventions, may influence participant outcomes. These may need to be

investigated post-hoc, underscoring the importance of fidelity monitoring during the trial.

Trialists using CRFs to monitor fidelity may also devise and pilot forms that allow for more
detailed intervention documentation without impeding the intervention in routine clinical
practice or consider use of wearable devices or other methods for gathering data about
participant adherence to trial activities. Future trials may also build opportunities for fidelity
assessment directly into the intervention, reducing the need for more complex CRFs. Both
objectives may also be supported by use of participant intervention logs (on paper or online),

wearable devices, or other methods that create opportunities for study participants’
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engagement with intervention activities to be recorded while yielding fidelity data that is less
prone to recall or social desirability bias than directly asking intervention participants about their

adherence with interventions.”?®

CONCLUSION

The CONSIDER framework was initially designed for use in trials of distinct interventions, which
have more defined interventions and allow for more detailed monitoring of intervention fidelity.
Nevertheless, it provided a flexible structure for evaluating fidelity and adherence in a pragmatic
trial comparing two patient management strategies with a large scope for variations in content
and dosage. This application of the framework illustrated both its strengths and limitations. It
also added important insights to the findings for the influence of fidelity on treatment effect
estimates from the meta-epidemiological study in chapter IV. As demonstrated by ACL-SNNAP,
published fidelity may not reflect actual in-trial fidelity. Reporting bias cannot be ruled out in

meta-epidemiological studies.

Fidelity monitoring in ACL-SNNAP also underscored the importance of incorporating fidelity and
adherence data into trials’ statistical analyses plans. Given the substantial resources required to
plan and conduct pragmatic trials, monitoring fidelity and adherence and applying that data in

per-protocol analyses can provide a more comprehensive understanding of intervention effects

and increase the amount of information available for clinical decision making.
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The results of the meta-epidemiological study, this chapter, and application of CONSIDER in ACL-
SNNAP adds to the growing body of literature on fidelity assessment in complex intervention
clinical trials. Pragmatic trials provide important evidence for clinical decision making, patients,
and the public.>** Ignoring intervention fidelity and participant adherence may increase the risk
of accepting ineffective interventions and discarding potentially effective interventions that have

been poorly implemented.
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Chapter VI: Discussion and conclusions
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Chapter Summary

In this chapter, the aims and objectives achieved, insights gained, and strengths and limitations
of this thesis are discussed. Future research directions and opportunities arising from this thesis

are also presented.
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This thesis investigated the effects of intervention fidelity on the results, interpretation, and
appropriateness to change practice of clinical studies of complex interventions. It addressed
several important knowledge gaps for intervention fidelity in complex intervention clinical trials.
The results of this thesis also raise new questions about intervention fidelity that have important

implications for future research on clinical trials in physical complex interventions.

Aims achieved and their implications: Aims I and Il

The lack of a uniform definition of fidelity and its key components has been identified as a barrier
to fidelity planning and intervention delivery in clinical trials.*%37>46 |t may also act as a barrier
to the translation of evidence-based interventions to clinical practice.3®4%37> This thesis
addressed this gap in physical complex interventions (rehabilitation) research by constructing an
empirically based intervention fidelity framework, the Complex Interventions Design, Delivery,
Receipt (CONSIDER) framework in chapter Il, and field-testing it in the ACL-SNNAP trial in chapter
V. ltis, to the best of our knowledge, the first empirically derived fidelity framework created

specifically for rehabilitation clinical trials.

The CONSIDER framework provides a platform for those who develop, implement, and study
physical complex interventions to develop robust methods to support and assess intervention
fidelity. It can also complement existing reporting guidelines such as SPIRIT?®, TIDieR*>°, CERT**?,
and IDEAL'® by providing more targeted, detailed guidance for monitoring and reporting fidelity
in physical complex interventions. Further development of the framework through exposure to

a broader range of perspectives and consensus building can refine the framework and its
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recommendations, facilitating practicable, evidence-based guidance for monitoring and

maintaining intervention fidelity in complex intervention RCTs.

The large number of terms and descriptions used inconsistently to describe intervention fidelity
in complex interventions literature also undermines identification of fidelity in trial
publications.*24° This thesis addressed this gap by also developing a reliable, internally
consistent, and feasible fidelity assessment checklist that distinguishes both trial actions
supporting intervention fidelity as well as fidelity reported in trial publications (chapters Il and
l1). Although the checklist was developed to facilitate transparent and reproducible fidelity
assessment for this thesis (chapter IV), it can also have important applications more broadly.
Fidelity assessment with the checklist can complement existing tools such as GRADE (Grading of

35 assessing certainty around the

Recommendations, Assessment, Development and Evaluations)
findings of systematic reviews, meta-analysis, and evidence-based practice guidelines for

rehabilitation interventions. It can also be useful for grant reviewers, funding bodies, and journal

editors evaluating treatment outcome studies and applications.

Clinicians and policymakers rely on the synthesis of the best available evidence to inform

decision-making. Generally, systematic review and meta-analyses of data from high quality RCTs
is the strongest source of evidence for intervention efficacy and effectiveness.’”® However, while
much guidance has been developed for assessing the methodological quality of RCTs included in
systematic reviews and meta-analyses, little attention has been focused on assessing the quality

of the interventions themselves or the fidelity with which they were delivered. 101472483 Quality
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assessment and risk of bias tools regularly used in complex interventions rarely include items for
intervention fidelity or provide detailed guidance for assessing it.”**8” For example, the most
recent Cochrane risk of bias guidelines (ROB-2) includes potential bias arising from deviations
from trials’ intended interventions.>3® However, little detail is given to clarify what kind of
deviations are intended or how they can be identified.3¢:146472474 The CONSIDER checklist could
be used, or developed further, to complement risk of bias and study quality assessments by

providing more targeted assessment of intervention fidelity in trial publications.

AIMS Il and IV

This thesis provided the first empirical evidence of bias arising from poor intervention fidelity in
the treatment effect estimates of clinical trials in rehabilitation in chapter IV. It had previously
been proposed that poor intervention fidelity in clinical trials would diminish treatment effects
due to contamination bias and extraneous variables.>® The effect of poor intervention fidelity on
clinical trial treatment effects was theorized however, rather than quantified, as presented in the

thesis.

The central hypothesis of the thesis was that poor intervention fidelity produces a quantifiable
bias in treatment effect estimates in complex in clinical trials. The findings of the meta-
epidemiological study in chapter IV supported this hypothesis. There were systematic differences
between effect estimates in complex intervention trials maintaining intervention fidelity

compared to those without it. The estimated bias was robust to adjustment for several other
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factors influencing trial outcomes and was of a magnitude that could influence interpretations of
intervention effectiveness, particularly in trials with small to medium intervention effect
estimates. This can have wide reaching implications in rehabilitation research, given that
previous systematic reviews have found that rehabilitation RCTs often result in small treatment

effect estimates.”3’

Contrary to the hypothesis, however, the meta-epidemiological study found evidence that poor
or absent intervention fidelity resulted in larger (overestimated), rather than smaller
(underestimated), treatment effect estimates in complex intervention RCTs. The direction of bias
arising from poor intervention fidelity was an unexpected result, given predictions that poor
intervention fidelity would dilute intervention effects and reduce trials’ statistical power to
detect them.>363890 The mechanisms underlying an inverse relationship between intervention
fidelity and intervention effect estimates are uncertain and likely complex. The overestimation
of treatment effects may reflect the cumulative effects of introducing additional, unplanned
interventions and active ingredients during intervention delivery>’7>472474 |t may also reflect

additional doses of the intended active ingredients if fidelity is not monitored.

It is also possible that intervention fidelity interacts with other design characteristics of complex
intervention RCTs in unpredictable ways. For example, intervention fidelity may be associated
with biased effect estimates to a greater degree in studies where outcome assessors were
unblinded, or to a lesser degree in RCTs comparing an intervention to a wait-list control, rather

than an active comparison. These and other possibilities could be explored in research building
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of the findings of this thesis.

The direction of bias identified in chapter IV may also be influenced by factors within
interventions or trials that cannot be determined through meta-epidemiological study.
Intervention fidelity moderates intervention effects but does not produce them. The bias we
estimated may also depend on a combination of the underlying soundness or “strength” of an

intervention and the degree of modification it was subjected to.

A poorly conceived or ineffective intervention can be delivered with a high degree of
intervention fidelity, but still be ineffective. An effective, well-conceived intervention may have
been delivered with poor fidelity and still have resulted in robust treatment effects. Some types
of interventions may be more susceptible to poor fidelity than others, or more responsive to
changes in dosage or delivery. It is also possible that there is an element of selection bias in the
meta-epidemiological study. It may be that trials that addressed fidelity well, and reported it,
may be altogether more robust and less likely to show exaggerated treatment effects than less
robust trials that also reported fidelity poorly, and were more likely to result in inflated

treatment effects. This can also be explored in future work that builds on our results.

Nevertheless, the findings of this thesis show, empirically, that intervention fidelity is essential
for accurate interpretation of intervention effects.”® Like other characteristics associated with
larger (overestimated) treatment effect sizes in RCTs, such as poor methodological quality®?,

randomization®?, allocation concealment®®, or blinding,’®8 fidelity does matter. Treatment
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effect estimates biased by poor intervention fidelity could lead to the adoption of ineffective
interventions, or premature rejection of interventions that could be effective. Bias arising from

poor intervention fidelity can have important implications for evidence-based practice.

Aim IV

This thesis also helps to address knowledge gaps about the feasibility, applicability, and impact of
monitoring intervention fidelity in pragmatic RCTs. While there is little debate about the benefits
of intervention fidelity in explanatory trials, less consensus supports fidelity monitoring in
pragmatic clinical trials.?2>°02°03 Effectiveness research can be challenging and comlplex.>3® How
to assess fidelity feasibly, and to which intervention components, can be difficult to determine in
pragmatic trials. Assessment of fidelity in ACL-SNNAP in chapter V showed that intervention
fidelity may need to be modelled more flexibly or have different targets in a pragmatic RCT than
in an explanatory trial. This thesis also showed that this flexible approach to fidelity is

practicable.

This thesis also demonstrated how the nature or amount of fidelity monitoring appropriate for
pragmatic trials may depend on the trial’s goals and context (chapter V). Fidelity monitoring may
exist along a continuum, in which moving the needle from more controlled trials to more highly
pragmatic trials can shift the target of fidelity from higher magnification (greater focus) on
individual intervention components to greater focus on the overall intervention package (lower

magnification) that includes several factors surrounding the intervention itself. Future research
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may also explore whether there is an “outer limit” on either end of the continuum between
highly controlled explanatory trials and highly pragmatic trials beyond which fidelity monitoring

is no longer feasible or informative.

Limitations

The limitations of individual components of this thesis have been discussed in their respective
chapters. Wider issues are briefly described here. First, it is important to acknowledge that the
CONSIDER checklist and framework developed for this thesis are important first steps that need
further development with broader input from a wider range of stakeholders. In future stages of
their development, a Delphi process will be needed to build consensus about the definition of
fidelity, which fidelity components and qualities are most important, and which qualities should
be given the most weighting when developing and evaluating intervention fidelity in complex

intervention trials.

Determining how often and how intervention fidelity is applied in complex intervention trials,
and how fidelity may influence their results, inescapably depends on fidelity being reported in
those trials. Reporting of Intervention details, including fidelity, is often poor in complex
intervention trial publications. However, poor fidelity reporting may not reflect poor fidelity
monitoring. Some papers may not have reported fidelity because of editorial constraints. It may
also be the case that some rehabilitation papers did not report fidelity because it did not appear
to influence the results or interpretation of trials with robust treatment effects. One of the most

often cited reasons for assessing and reporting fidelity in psychology and behavioural health
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trials is the need to account for negative or ambiguous findings.??! In these cases, publication
bias may also influence the amount of available published research reporting fidelity. Studies
investigating the concordance between reported design characteristics and actual study conduct
in rehabilitation research would be helpful in assessing the impact of this limitation for this

thesis, as well as the larger body of meta-epidemiological research in complex interventions.

Other future directions and opportunities arising from this thesis
This thesis addressed important evidence gaps for intervention fidelity in complex intervention
clinical trials. Key aspects of intervention fidelity continue to need exploration and are outlined

below.

Control or comparison interventions

Primarily, this thesis examined the intervention fidelity of trials’ experimental interventions. This
was the focus of the thesis from the beginning. However, the in-depth analyses of intervention
delivery reported in RCTs included in this thesis revealed that the control interventions in trials
with an active intervention as a comparison were infrequently the subject of the same level of
scrutiny or documentation as the experimental condition. Reporting of the experimental
intervention details in complex intervention trials is generally poor.>*° This has been the subject
of a number of systematic reviews was also found in this thesis. Control interventions are even
more poorly described and reported than experimental interventions in complex intervention
trials, however.1%Systematic reviews of rehabilitation RCTs have found up to 75% of RCTs

incompletely described the control intervention.®>°40 Other reviews have found that control
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interventions also score significantly and consistently lower on the TIDieR checklist than

experimental interventions.99->40

The intervention fidelity of control conditions has also been much less frequently assessed or
reported.**>® Monitoring and assessing intervention fidelity in the experimental condition alone
may not be enough to ensure trials have valid and reproducible results.3® The extent to which a
trial’s control conditions included their core components also needs to be understood in order to
establish causality between an intervention and outcomes.'3%°4! This may be particularly
important in pragmatic trials using “conventional therapy” or standard of care comparison

groups.t3?

In many rehabilitation trials, the core components of the interventions being investigated may
not be completely novel and may overlap with current practice or usual treatment.'® The
experimental interventions’ core components or active ingredients may be present to some
degree in the control condition, resulting in a loss of intervention differentiation and less
contrast between conditions. This may lead to unpredictable, though possibly weaker, treatment
effect estimates.'>°%? Despite this, the fidelity of the control conditions is often unmonitored or

unreported, even in clinical trial papers reporting on intervention fidelity.

The true effect of poor fidelity on control conditions, relative to the experimental interventions,
remains uncertain, however. To date, and to the best of our knowledge, meta-epidemiological

studies have not examined the impact of poor fidelity during control intervention
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implementation. Future research can build on the findings of this thesis, investigating how
differences in degrees of intervention fidelity between the experimental and control conditions

influence treatment effects in meta-epidemiological research.

Other descriptive and inferential analyses using fidelity data could be used to investigate the
influence of fidelity differences between conditions for intervention outcomes. Between-group
contrasts, or comparisons of fidelity levels in the experimental conditions, relative to levels of
fidelity in the control group, could also be conducted by using or adapting already existing tools
such as the Achieved Relative Strength Index.>*? Achieved relative strength is the difference
between the experimental intervention, as implemented, and the control intervention, as
implemented.>*? Low achieved relative treatment strength resulting from poor fidelity in either
condition may limit the conclusions that can be drawn about intervention effectiveness.”*? This
has not been shown empirically, however, presenting another opportunity for future research to

build on the findings in this thesis.

Intervention complexity and fidelity

The role of intervention complexity in the relationship between fidelity and intervention effects
is another area in need of further research.? Interventions with more components and active
ingredients may present more challenges for fidelity or be affected differently by varying degrees
of intervention fidelity than more simple or straightforward interventions. Intervention
complexity may act on a continuum along which levels of complexity may have a different effect

on intervention fidelity.
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Interventions with more components may present a greater scope for modification or poor
delivery.>'® However, interventions with multiple components may also have overlapping active
ingredients and may be more resilient to modified implementation than interventions with more
consolidated mechanisms and ingredients. For example, an intervention targeting improved
walking speed in persons recovering from stroke may include a combination of verbal cues and
manual facilitation at the participant’s pelvis and trunk. Decreased timing or precision in one set

of cues may be overcome by quality of the effects of the other.

Intervention complexity may also influence the adherence of participants in a clinical trial.>*” For
example, the surgical intervention in the ACL-SNNAP trial may be seen a more discrete, finite
intervention than the rehabilitation intervention, which required a number of intervention
sessions and a high degree of active participation in therapeutic activities by persons randomised
to that arm. Future research may explore how varying degrees of intervention complexity
influence participant adherence or interact with specific components of intervention fidelity
(such as provider skill) to influence intervention outcomes, particularly in interventions taking

pIace over many encounters or treatment sessions.

CONCLUSION

In summary, the body of work contained in this thesis has met its goals of adding new knowledge
and addressing evidence gaps for intervention fidelity in clinical trials of complex interventions. It

estimated the prevalence of fidelity monitoring and reporting in complex intervention RCTs. It
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also contributed an empirically based intervention fidelity framework and a reliable fidelity
assessment checklist tailored to the unique needs and conditions experienced by researchers
who conduct clinical trials in rehabilitation and those who seek to assess them. It also estimated
empirically, for the first time, the magnitude and direction of bias in treatment effect estimates
arising from poor intervention fidelity in rehabilitation clinical trials. It also explored intervention
fidelity in an ongoing, contemporary pragmatic clinical trial, providing new insights into

intervention fidelity and participant adherence in complex intervention pragmatic trials.

This thesis helps to address important gaps in our understanding of how intervention fidelity is
monitored, supported, and influences the interpretation of intervention effects in rehabilitation
research. It showed that intervention fidelity is important, not just on a theoretical, but also on
an empirical level. The findings of this thesis provide new and important information for the
conduct of clinical trials in rehabilitation and other complex interventions in physical domains of

healthcare and the interpretation of their results.
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Figure 1.1: The CERT Checklist?>!

C E RT ‘/Consensus on Exercise Reporting Template

A Checklist for what to include when reporting exercise programs

WHAT: materials Detailed description of the type of exercise equipment (e.g. weights, exercise equipment
such as machines, treadmill, bicycle ergometer etc)
WHO: provider 2 Detailed description of the qualifications, teaching/supervising expertise, and/or training
undertaken by the exercise instructor
HOW: delivery 3 Describe whether exercises are performed individually or in a group
4 Describe whether exercises are supervised or unsupervised and how they are delivered
5 Detailed description of how adherence to exercise is measured and reported
6 Detailed description of motivation strategies
7a Detailed description of the decision rule(s) for determining exercise progression
7b Detailed description of how the exercise program was progressed
8 Detailed description of each exercise to enable replication (e.g. photographs, illustrations,
video etc)
9 Detailed description of any home program component (e.g. other exercises, stretching etc)
10 Describe whether there are any non-exercise components (e.g. education, cognitive
behavioural therapy, massage etc)
alil Describe the type and number of adverse events that occurred during exercise
WHERE: location 12 Describe the setting in which the exercises are performed
WHEN, HOW 13 Detailed description of the exercise intervention including, but not limited to, number of
MUCH: dosage exercise repetitions/sets/sessions, session duration, intervention/program duration etc
TAILORING: 14a Describe whether the exercises are generic (one size fits all) or tailored whether tailored to
what, how the individual
14b Detailed description of how exercises are tailored to the individual
15 Describe the decision rule for determining the starting level at which people commence an
exercise program (such as beginner, intermediate, advanced etc)
HOW WELL: 16a Describe how adherence or fidelity to the exercise intervention is assessed/measured
| d, actual
16b Describe the extent to which the intervention was delivered as planned

*|t is recommended that this checklist is used in conjunction with the Explanation and Elaboration Statement which is a guide each item in the CERT
Checklist

The CERT Checklist is designed for reporting details of an exercise intervention. The CERT Checklist should be used in conjunction with a reporting checklist
appropriate for the study type e.g. the CONSORT Statement (www.consort-statement.org) for randomised controlled trials, the SPIRIT Statement
(www.spirit-statement.org) for a clinical trial protocol. For further guidance regarding reporting guidelines please consult the EQUATOR network

(www.equator-network.org)

** Authors — please use N/A if an item is not applicable Reviewers — please use ”?” if information is not provided or not/insufficiently reported

T If the information is not provided in the primary paper that is under consideration, please provide details of where this information is available e.g. in a
published protocol, published papers (provide citation details) or on a website (provide the URL).
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Figure 1.2: The SPIRIT Statement?®

B SPIRIT

STANDARD PrOTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and

related documents*

Section/item

Item, Description

No.

Administrative information

Title

Trial registration

Protocol version
Funding

Roles and
responsibilities

Introduction

Background and
rationale

Objectives

Trial design

1

2a

2b

5a
5b
5c

5d

6a

6b

Descriptive title identifying the study design, population, interventions,
and, if applicable, trial acronym

Trial identifier and registry name. If not yet registered, name of
intended registry

All items from the World Health Organization Trial Registration Data
Set

Date and version identifier

Sources and types of financial, material, and other support
Names, affiliations, and roles of protocol contributors
Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study design; collection,
management, analysis, and interpretation of data; writing of the report;
and the decision to submit the report for publication, including whether
they will have ultimate authority over any of these activities

Composition, roles, and responsibilities of the coordinating centre,
steering committee, endpoint adjudication committee, data
management team, and other individuals or groups overseeing the
trial, if applicable (see Item 21a for data monitoring committee)

Description of research question and justification for undertaking the
trial, including summary of relevant studies (published and
unpublished) examining benefits and harms for each intervention

Explanation for choice of comparators
Specific objectives or hypotheses

Description of trial design including type of trial (eg, parallel group,
crossover, factorial, single group), allocation ratio, and framework (eg,
superiority, equivalence, noninferiority, exploratory)
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Methods: Participants, interventions, and outcomes

Study setting 9

Eligibility criteria 10

Interventions 11a
11b
11c
11d

Outcomes 12

Participant 13

timeline

Sample size 14

Recruitment 15

Description of study settings (eg, community clinic, academic hospital)
and list of countries where data will be collected. Reference to where
list of study sites can be obtained

Inclusion and exclusion criteria for participants. If applicable, eligibility
criteria for study centres and individuals who will perform the
interventions (eg, surgeons, psychotherapists)

Interventions for each group with sufficient detail to allow replication,
including how and when they will be administered

Criteria for discontinuing or modifying allocated interventions for a
given trial participant (eg, drug dose change in response to harms,
participant request, or improving/worsening disease)

Strategies to improve adherence to intervention protocols, and any
procedures for monitoring adherence (eg, drug tablet return,
laboratory tests)

Relevant concomitant care and interventions that are permitted or
prohibited during the trial

Primary, secondary, and other outcomes, including the specific
measurement variable (eg, systolic blood pressure), analysis metric
(eg, change from baseline, final value, time to event), method of
aggregation (eg, median, proportion), and time point for each
outcome. Explanation of the clinical relevance of chosen efficacy and
harm outcomes is strongly recommended

Time schedule of enrolment, interventions (including any run-ins and
washouts), assessments, and visits for participants. A schematic
diagram is highly recommended (see Figure)

Estimated number of participants needed to achieve study objectives
and how it was determined, including clinical and statistical
assumptions supporting any sample size calculations

Strategies for achieving adequate participant enrolment to reach
target sample size

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 16a
generation

Method of generating the allocation sequence (eg, computer-
generated random numbers), and list of any factors for stratification.
To reduce predictability of a random sequence, details of any planned
restriction (eg, blocking) should be provided in a separate document
that is unavailable to those who enrol participants or assign
interventions
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Allocation 16b
concealment
mechanism

Implementation 16¢

Blinding 17a
(masking)

17b

Mechanism of implementing the allocation sequence (eg, central
telephone; sequentially numbered, opaque, sealed envelopes),
describing any steps to conceal the sequence until interventions are
assigned

Who will generate the allocation sequence, who will enrol participants,
and who will assign participants to interventions

Who will be blinded after assignment to interventions (eg, trial
participants, care providers, outcome assessors, data analysts), and
how

If blinded, circumstances under which unblinding is permissible, and
procedure for revealing a participant's allocated intervention during
the trial

Methods: Data collection, management, and analysis

Data collection 18a
methods

18b
Data 19
management
Statistical 20a
methods

20b

20c

Methods: Monitoring

Data monitoring  21a

Plans for assessment and collection of outcome, baseline, and other
trial data, including any related processes to promote data quality (eg,
duplicate measurements, training of assessors) and a description of
study instruments (eg, questionnaires, laboratory tests) along with
their reliability and validity, if known. Reference to where data
collection forms can be found, if not in the protocol

Plans to promote participant retention and complete follow-up,
including list of any outcome data to be collected for participants who
discontinue or deviate from intervention protocols

Plans for data entry, coding, security, and storage, including any

related processes to promote data quality (eg, double data entry;

range checks for data values). Reference to where details of data
management procedures can be found, if not in the protocol

Statistical methods for analysing primary and secondary outcomes.
Reference to where other details of the statistical analysis plan can be
found, if not in the protocol

Methods for any additional analyses (eg, subgroup and adjusted
analyses)

Definition of analysis population relating to protocol non-adherence
(eg, as randomised analysis), and any statistical methods to handle
missing data (eg, multiple imputation)

Composition of data monitoring committee (DMC); summary of its role
and reporting structure; statement of whether it is independent from
the sponsor and competing interests; and reference to where further
details about its charter can be found, if not in the protocol.
Alternatively, an explanation of why a DMC is not needed
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21b
Harms 22
Auditing 23

Description of any interim analyses and stopping guidelines, including
who will have access to these interim results and make the final
decision to terminate the trial

Plans for collecting, assessing, reporting, and managing solicited and
spontaneously reported adverse events and other unintended effects
of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any, and
whether the process will be independent from investigators and the
sponsor

Ethics and dissemination

Research ethics 24
approval

Protocol 25
amendments

Consent or assent 26a

26b

Confidentiality 27

Declaration of 28
interests

Access to data 29

Ancillary and 30
post-trial care

Dissemination 31a
policy

31b

31c

Plans for seeking research ethics committee/institutional review board
(REC/IRB) approval

Plans for communicating important protocol modifications (eg,
changes to eligibility criteria, outcomes, analyses) to relevant parties
(eg, investigators, REC/IRBs, trial participants, trial registries, journals,
regulators)

Who will obtain informed consent or assent from potential trial
participants or authorised surrogates, and how (see ltem 32)

Additional consent provisions for collection and use of participant data
and biological specimens in ancillary studies, if applicable

How personal information about potential and enrolled participants will

be collected, shared, and maintained in order to protect confidentiality
before, during, and after the trial

Financial and other competing interests for principal investigators for
the overall trial and each study site

Statement of who will have access to the final trial dataset, and
disclosure of contractual agreements that limit such access for
investigators

Provisions, if any, for ancillary and post-trial care, and for
compensation to those who suffer harm from trial participation

Plans for investigators and sponsor to communicate trial results to
participants, healthcare professionals, the public, and other relevant
groups (eg, via publication, reporting in results databases, or other
data sharing arrangements), including any publication restrictions

Authorship eligibility guidelines and any intended use of professional
writers

Plans, if any, for granting public access to the full protocol, participant-
level dataset, and statistical code
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Figure 1.3 The TIDieR Checklist*°

INDieR
Template for Intervention
Description and Replication

The TIDieR (Template for Intervention Description and Replication) Checklist*:

Information to include when describing an intervention and the location of the information

Item Item Where located **
number Primary paper Other T (details)
(page or appendix
number)
BRIEF NAME
1. Provide the name or a phrase that describes the intervention.
WHY
2. Describe any rationale, theory, or goal of the elements essential to the intervention.
WHAT
3. Materials: Describe any physical or informational materials used in the intervention, including those
provided to participants or used in intervention delivery or in training of intervention providers.
Provide information on where the materials can be accessed (e.g. online appendix, URL).
4. Procedures: Describe each of the procedures, activities, and/or processes used in the intervention,
including any enabling or support activities.
WHO PROVIDED
5. For each category of intervention provider (e.g. psychologist, nursing assistant), describe their
expertise, background and any specific training given.
HOW
6. Describe the modes of delivery (e.g. face-to-face or by some other mechanism, such as internet or
telephone) of the intervention and whether it was provided individually or in a group.
WHERE
7. Describe the type(s) of location(s) where the intervention occurred, including any necessary
infrastructure or relevant features.
WHEN and HOW MUCH
8. Describe the number of times the intervention was delivered and over what period of time including
the number of sessions, their schedule, and their duration, intensity or dose.
TAILORING
9. If the intervention was planned to be personalised, titrated or adapted, then describe what, why,
when, and how.
MODIFICATIONS
10.* If the intervention was modified during the course of the study, describe the changes (what, why,
when, and how).
HOW WELL
1. Planned: If intervention adherence or fidelity was assessed, describe how and by whom, and if any
strategies were used to maintain or improve fidelity, describe them.
12.* Actual: If intervention adherence or fidelity was assessed, describe the extent to which the

intervention was delivered as planned.

** Authors - use N/A if an item is not applicable for the intervention being described. Reviewers — use ‘?’ if information about the element is not reported/not
sufficiently reported.

1 If the information is not provided in the primary paper, give details of where this information is available. This may include locations such as a published protoct

or other published papers (provide citation details) or a website (provide the URL).
# If completing the TIDieR checklist for a protocol, these items are not relevant to the protocol and cannot be described until the study is complete.

* We strongly recommend using this checklist in conjunction with the TIDieR guide (see BMJ 2014;348:g1687) which contains an explanation and elaboration for each item.

* The focus of TIDieR is on reporting details of the intervention elements (and where relevant, comparison elements) of a study. Other elements and methodological features:
studies are covered by other reporting statements and checklists and have not been duplicated as part of the TIDieR checklist. When a randomised trial is being reported, th
TIDieR checklist should be used in conjunction with the CONSORT statement (see www.consort-statement.org) as an extension of Item 5 of the CONSORT 2010 Statement.
When a clinical trial protocol is being reported, the TIDieR checklist should be used in conjunction with the SPIRIT statement as an extension of Item 11 of the SPIRIT 2013

(see www.spirit-statement.org). For alternate study designs, TIDieR can be used in conjunction with the appropriate checklist for that study design (see
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Figure 2.1 Search strategies: Pubmed

(CCCeeeeceeeeeeccframework™ OR "model") OR "procedure") OR "assessment") OR "process") OR "monitoring") OR
"monitored") OR "strategy") OR "indicators")) AND (((((((((((("treatment integrity") OR "treatment fidelity")
OR "treatment adherence") OR "treatment implementation") OR "treatment delivery") OR "treatment
enactment") OR "intervention fidelity") OR "intervention integrity") OR "intervention adherence") OR
"intervention implementation") OR "intervention delivery") OR "implementation strategy" AND (
"2006/01/01"[PDat] : "2019/12/31"[PDat] )))))) AND "physiotherapy")) OR (((((((((((((((("framework") OR
"model") OR "procedure") OR "assessment") OR "process") OR "monitoring") OR "monitored") OR
"strategy") OR "indicators")) AND (((((((((((("treatment integrity") OR "treatment fidelity") OR "treatment
adherence") OR "treatment implementation") OR "treatment delivery") OR "treatment enactment") OR
"intervention fidelity") OR "intervention integrity") OR "intervention adherence") OR "intervention
implementation") OR "intervention delivery") OR "implementation strategy" AND ( "2006/01/01"[PDat] :
"2019/12/31"[PDat] )))))) AND "physical therapy")) OR (((((((((((((((("framework") OR "model") OR
"procedure") OR "assessment") OR "process") OR "monitoring") OR "monitored") OR "strategy") OR
"indicators")) AND (((((((((((("treatment integrity") OR "treatment fidelity") OR "treatment adherence") OR
"treatment implementation") OR "treatment delivery") OR "treatment enactment") OR "intervention
fidelity") OR "intervention integrity") OR "intervention adherence") OR "intervention implementation") OR
"intervention delivery") OR "implementation strategy" AND ( "2006/01/01"[PDat] : "2019/12/31"[PDat] ))))))
AND "rehabilitation")) OR (((((((((((((((("framework") OR "model") OR "procedure") OR "assessment") OR
"process") OR "monitoring") OR "monitored") OR "strategy") OR "indicators")) AND (((((((((((("treatment
integrity") OR "treatment fidelity") OR "treatment adherence") OR "treatment implementation") OR
"treatment delivery") OR "treatment enactment") OR "intervention fidelity") OR "intervention integrity") OR
"intervention adherence") OR "intervention implementation") OR "intervention delivery") OR
"implementation strategy" AND ( "2006/01/01"[PDat] : "2019/12/31"[PDat] )))))) AND "surgery")) OR
CCCCCCCCCCCcC(("framework™) OR "model") OR "procedure") OR "assessment") OR "process") OR "monitoring")
OR "monitored") OR "strategy") OR "indicators")) AND (((((((((((("treatment integrity") OR "treatment
fidelity") OR "treatment adherence") OR "treatment implementation") OR "treatment delivery") OR
"treatment enactment") OR "intervention fidelity") OR "intervention integrity") OR "intervention
adherence") OR "intervention implementation") OR "intervention delivery") OR "implementation strategy"
AND ( "2006/01/01"[PDat] : "2019/12/31"[PDat] )))))) AND "occupational therapy")) OR
CCCCCCCCCCCcC(("framework™) OR "model") OR "procedure") OR "assessment") OR "process") OR "monitoring")
OR "monitored") OR "strategy") OR "indicators")) AND (((((((((((("treatment integrity") OR "treatment

fidelity") OR "treatment adherence") OR "treatment implementation") OR "treatment delivery") OR
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"treatment enactment") OR "intervention fidelity") OR "intervention integrity") OR "intervention
adherence") OR "intervention implementation") OR "intervention delivery") OR "implementation strategy"
AND ("2006/01/01"[PDat] : "2019/12/31"[PDat] )))))) AND speech therapy)) OR (((((((((((((((("framework")
OR "model") OR "procedure") OR "assessment") OR "process") OR "monitoring") OR "monitored") OR
"strategy") OR "indicators")) AND (((((((((((("treatment integrity") OR "treatment fidelity") OR "treatment
adherence") OR "treatment implementation") OR "treatment delivery") OR "treatment enactment") OR
"intervention fidelity") OR "intervention integrity") OR "intervention adherence") OR "intervention

implementation") OR "intervention delivery") OR "implementation strategy" AND ( "2006/01/01"[PDat] :
"2019/12/31"[PDat] )))))) AND physiatry)

Search strategies: SCOPUS

( ALL ( "treatment fidelity" OR "treatment integrity" OR "Treatment implementation" OR "treatment
enactment” OR "intervention fidelity" OR "intervention integrity" OR "intervention implementation"
OR "intervention enactment" OR “fidelity” OR “compliance” OR “concordance” or “adherence” OR

|u

“agreement” OR “delivery” OR “manualized” OR “treatment manual” OR “intervention manual” OR “per
protocol” ) AND ALL (therapy OR process OR monitoring OR monitored OR framework OR
assessment OR procedure OR strategy OR model OR indicator) AND TITLE-ABS-KEY ( "physical
therapy" OR physiotherapy OR surgery OR physiatry OR "occupational therapy" OR "speech
therapy" OR rehabilitation)) AND PUBYEAR > 2004 AND ( EXCLUDE ( SUBJAREA, "PSYC") OR
EXCLUDE ( SUBJAREA, "SOCI") OR EXCLUDE ( SUBJAREA, "BIOC") OR EXCLUDE ( SUBJAREA, "ARTS")
OR EXCLUDE ( SUBJAREA, "PHAR") OR EXCLUDE ( SUBJAREA, "ENGI") OR EXCLUDE ( SUBJAREA,
"AGRI") OR EXCLUDE ( SUBJAREA, "ENVI") OR EXCLUDE ( SUBJAREA, "PHYS") OR EXCLUDE (
SUBJAREA, "BUSI") OR EXCLUDE ( SUBJAREA, "CENG") OR EXCLUDE ( SUBJAREA, "DENT") OR
EXCLUDE ( SUBJAREA, "EART") OR EXCLUDE ( SUBJAREA, "IMMU") OR EXCLUDE ( SUBJAREA,

"ECON"))
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Figure 2.1 Search strategies: Embase

Seti# Searched for Results

S39 (S30 OR S31 OR S32 OR S33 OR S36 OR S37) and (pd(20050101- 721°
20191205))

S38 S30 OR S31 OR S32 OR S33 OR S36 OR S37 758°

S37 S27 AND physiotherapy 89°

S36 S27 AND (speech therapy) 46°

S35 S27 AND ("speech therapy") 11°

S34 S27 AND physiatry 0°

S33 S27 AND ("occupational therapy") 46°

S32 S27 AND surgery 399°

S31 S27 AND rehabilitation 278°

S30 S29 OR S28 212°

S29 S27 AND (physical therapy) 212°

S28 S27 AND ("physical therapy") 51°

S27 526 AND S5 2437°

526 S13 OR S25 3733°

S25 ("concordance") OR ("treatment implementation") OR (“treatment 1362°
adherence”) OR (“treatment compliance”) OR

S13 ("intervention fidelity") OR ("intervention adherence") OR 2446°
("intervention implementation") OR ("intervention integrity") OR
("intervention delivery") OR (“intervention adherence”)

S12 ("treatment fidelity") OR ("treatment adherence") OR ("treatment 10297*
implementation") OR ("treatment integrity")

S5 framework OR model OR process OR procedure OR strategy OR 9301276
assessment OR indicatS OR monitorS OR checklist

* Duplicates are removed from the search but included in the result count.

° Duplicates are removed from the search and from the result count.

Results: 721, 166 “Hits” after Screening
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Figure 2.1 Search strategies: CINHAL

# Query Last Run Via Results
S11 (S4 ORS50ORS6 OR S7) Interface - EBSCOhost Research Databases 245
AND (S9) Search Screen - Advanced Search
Database - CINAHL Complete
S10 S4 OR S5 0ORS6 OR S7 Interface - EBSCOhost Research Databases 706,700
Search Screen - Advanced Search
Database - CINAHL Complete
S9 (S3) AND (S8) Interface - EBSCOhost Research Databases 1,487
Search Screen - Advanced Search
Database - CINAHL Complete
S8 (framework or model Interface - EBSCOhost Research 1,091,68
or theory) OR (process) Databases Search Screen - Advanced 2
OR (procedure ) OR Search
(strategy) Database - CINAHL Complete
S7 physical medicine and Interface - EBSCOhost Research 5,152
rehabilitation Databases Search Screen - Advanced
Search
Database - CINAHL Complete
S6 complexinterventions Interface - EBSCOhost Research 15
in health Databases Search Screen - Advanced
Search
S5 surgery or operation or Interface - EBSCOhost Research 492,957
surgical procedure or Databases Search Screen - Advanced
surgical treatment Search
Database - CINAHL Complete
S4 ( physiotherapy or Interface - EBSCOhost Research 232,880
physical therapy or Databases Search Screen - Advanced
rehabilitation ) OR Search
occupational therapy Database - CINAHL Complete
OR ( speech therapy or
speech pathology or
speech language
pathology )
S3 (S1) OR (S2) Interface - EBSCOhost Research 3,136
Databases Search Screen - Advanced
Search
Database - CINAHL Complete
S2 treatment delivery OR Interface - EBSCOhost Research 1,074
intervention delivery Databases Search Screen - Advanced
Search
Database - CINAHL Complete
S1 TX ( treatment integrity Interface - EBSCOhost Research 2,120
or treatment fidelity ) Databases Search Screen - Advanced
OR intervention Search
integrity OR Database - CINAHL Complete
intervention fidelity
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Table 2.1: Papers included in the Best-fit framework synthesis

Author | Year Field/ Study Fidelity monitoring, Fid. Fidelity Model Components, if reported , or direct
s Discpl. design measurement, or Model quote/passage about fidelity extracted from paper.
support method
Abell, 2015 CR SR TIDIER items 10-12 NR When and How Much Describes the dose/schedule of the
et al PA intervention including the following: (a) Intensity The
intensity of exercise used in the intervention (e.g., %
heart rate) (b) Frequency The frequency of exercise
sessions (c) Session Time The duration of each individual
exercise
session (d) Overall Duration The overall duration of the
exercise
intervention
9 Tailoring Describes the what, why, when, and how of
intervention titration, personalization, or progression
10 Modifications Describes any modifications to the
intervention during the course of the study
11 How well: planned Describes strategies used to
maintain or improve fidelity (how and by whom)
12 How well: actual Describes the extent to which the
intervention was delivered as planned (if adherence or
fidelity was assessed)
Adams, | 2012 SLP RCT Audit of planned Report Full details in Adams, C. and Gaile, J., Forthcoming 2012,
et al intervention sessions | ed Managing Children's Pragmatic and Social Communication
versus received elsewh Needs in the Early School Years ( Manchester : Roundway
sessions and ere Centre Publ.) (available at:
adherence to written http://www.roundwaycentre.org.uk/publications).
activity procedure as
stated in the manual
Allan, 2018 QT, PT, PTCL Assessment of fidelity | NR NR
et al RH FS to components
(protocol?)
Allan, 2018 QT, PT, PTCL Assessment of fidelity | NR NR
et al RH FS to components
(protocol?)
Anders 2012 PT RCT Inferred from proxy. NR NR
on, et PA
al
Ang, et 2012 PA PTCL Audio taped contacts NR NR
al to provide ongoing
feedback and
coaching to the Ml
health practitioner,
on-going supervision
and feedback. 25% of
the audio taped
phone contacts were
formally evaluated
for treatment
integrity using the
Motivational
Interviewing
Treatment Integrity
(MITI) method. The
MITI evaluators were
blind to
randomization.
Ang,et 2011 PA RCT Phone contacts were NR NR
al taped to provide
ongoing feedback
and coaching to the
therapists.
supervision and
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feedback and
checklist for integrity.

Asenlof
,etal

2009

PT

RCT

Patients’ reports on
treatment content,
PT session by session
documentation of
treatment content,
as well as individual
working sheets were
collected in order to
obtain an estimate of
the proportions of
participants in each
condition that
received

the program as was
intended.

Bellg
(NIH-
BCC)

NR

Fidelity: Treatment dose was equivalent and within the
stipulated range within and across conditions.
Maintenance of treatment provider skills.

Asenlof
,etal

2005

PT

RCT

Patient reports of
treatment content,
therapists’
documentation of
treatment content
session by session,
and individual
working sheets were
collected to obtain an
estimate of the
proportions of
subjects in each
condition that
received the program
as it was intended.

Bellg
NIH-
BCC

NR

Fidelity: intervention was implemented with all the
planned components. treatment dose monitored.

Aunger
,etal

2019

PA

PTCL
(RCT
Fs)

self-reported
checklist, document/
recording assessment
checklist.

Fidelity
to
theory.

NR

Avery,
et al

2014

PA
LI

PTCL
RCT

standardised training,
study manuals,
ongoing process
evaluation and video
recording and
assessment of
patient sessions
(intervention and
usual clinical care)
with fidelity check-
list developed for the
study

NR

Cites
Bellg
NIH-
BCC

NR

Fidelity: presence/absence and appropriate use of
intervention components. fidelity of delivery (adherence
to intervention components). Adherence to the study
protocol (fidelity assessment

Barber
et al

2015

PA

FS

Assessed with NIH-
BCC guidance.
observer attended
sessions in the
initiation phase at
each intervention
school; intervention
delivery was scored
on a scale from 1 to
4.

NIH-
BCC

Fidelity: Adherence to the intervention protocol, Delivery
as per manual.

Barber
et al

2016

PA

PILOT
RCT

assessed according to
NIH Behaviour
Change Consortium
guidance

NIH-
BCC

Fidelity: Delivery as per manual
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Baron 2016 RH SR TIDieR used to assess | Bellg/N | Fidelity of intervention delivery is extremely important as
et al reporting of fidelity IH-BCC efficacy can only be determined if an intervention has
and adherence been delivered as intended.
Bavan, 2019 PT FS n/a
et al PA us
Beneci 2019 PT PT n/a Borelli Fidelity framework consisting of five domains (i.e., study
uk, et NIH- design, training of providers, treatment delivery,
al BCC treatment receipt, and treatment enactment. The PIPT
program was designed to promote treatment fidelity by
providing quality training that impacted key provider
factors and that could be replicated. Thus, we
incorporated quality improvement strategies (PIPT
treatment checklist and booster training) and measures
(physical therapist attitudes, beliefs, and confidence,
described in greater detail below) to enhance treatment
quality and the impact of training.
Bennet, | 2011 Pain SR n/a Carroll This is defined as the degree to which the
etal PT intervention and control are delivered and assessed as
intended.
Bergstr | 2013 PA cRCT fidelity was measured | NR Intervention fidelity, defined as the extent to which a
om et as the dose programme adheres to its programme theory (Fraser,
al delivered. 2009), is crucial to understanding the causal mechanisms
(Mercer, DeVinney, Fine, Green, & Dougherty, 2007). In
this study fidelity was measured as the dose delivered.
Birken, 2018 oT DS standardised training | Bellg NR
etal on use of the NIH-
intervention, and BCC
ensuring skill NIH-BCC model used in Bellg.” fidelity to the intervention
acquisition during the was enhanced, as
training through recommended by Bellg and colleagues [27] by providing
active discussion of standardised training on use of the intervention, and
the occupational ensuring skill acquisition during the training through
therapists’ role active
during GLOW. An discussion of the occupational therapists’ role during
intervention Fidelity GLOW.”
checklist was
developed
to monitor the extent
to which the
clinicians adhered to
the content of the
intervention manual.
Blanch 2011 oT PP Manualisation of NIH- NIH-BCC: study design, training of providers, delivery of
e, etal therapeutic BCC treatment, receipt of treatment, and enactment of
intervention treatment skills.... development of a treatment manual
recommended, with that includes information about treatment dose (length
fidelity check against and number of contacts) and the specific content of each
manual. contact, standardization of therapist training, monitoring
of the intervention with fidelity checklists, and inclusion
of strategies to measure the client’s comprehension and
enactment of the intervention principles addressed.
Blenco 2015 Surg PP n/a Carroll During a trial, it may be necessary to assess whether the
we et 2007 intervention was delivered as intended (fidelity). Fidelity
al has been defined as ‘how far those responsible for
delivering an intervention actually adhere to the
intervention as it is outlined by its designers’ [14]. The
degree to which intervention fidelity needs to be
monitored within RCTs will largely depend upon the
extent to which the trial protocol prescribes
standardisation.
Fidelity is also referred to as compliance or adherence.
Blenco 2016 Surg PP n/a NR Monitoring how surgical interventions are actually
we et delivered in a trial (fidelity) is essential to inform the
al interpretation of results and subsequent implementation

of interventions in practice. Three possibilities for
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recording and reporting fidelity were identified: the
intervention, component or step is not delivered at all; an
intervention, component or step from another trial group
is delivered instead; or an entirely different intervention,
component or step is delivered.

Boden, 2016 PT MMS Nested MMS to Borrelli the intervention is differentiable from standard care, is
et al Nested investigate Rx NIH- memorable, and adhered to by the patient. Treatment
in RCT differentiation, BCC fidelity has four components [13]: (i) Integrity; was the
receipt, and treatment delivered as intended? (ii) Differentiation; did
enactment. two treatments differ from one another as intended? (iii)
Interviews, Receipt; does the patient understand the treatments
recordings, thematic provided and are they equipped to perform them as
analysis. intended?; and (iv) Enactment; does the patient enact the
learnt skills and perform the intervention as intended?
Boden, 2018 PT PTCL TIDIER NR* *Described elsewhere? Boden |, El-Ansary D, Zalucki N,
et al RCT Robertson IK, Browning L, Skinner EH, et al Physiotherapy
education and training prior to upper abdominal surgery
is memorable and has high treatment fidelity: a nested
mixed-methods
Bowen, 2018 SLP FS RCT Intervention details NR NR
etal were recorded in
speech therapy notes
and retrieved
following completion
of follow-up.
Boyd 2017 PT PTCL Manual, checklist for NIH- study design, training of intervention providers,
oT RCT fidelity, BCC treatment delivery, treatment receipt and enactment
observations/video
analysis
Boyle, 2009 SLP RCT evaluated modes of NR NR
et al service delivery evaluated modes of service delivery with MRC guidance
to ensure fidelity
Brecke 2015 oT PP NA Perplko | Fidelity is achieved by ensuring: practitioner adherence to
nridge va specified procedures; practitioner competence in
delivering the intervention; and clear differentiation
between interventions: that is, the intervention is
substantively different to other approaches with similar
goals.
Broekh 2012 LI PE Ml fidelity) was RE-AIM NR
uizen, PA RCT assessed by two Ml including dose and fidelity monitored. Fidelity is defined
et al experts, following the as the extent to which the intervention was implemented
Motivational as intended. To what extent was face-to-face counselling
Interviewing delivered as planned by Ml guidelines?
Treatment Integrity
code. Process DOSE NOT PART OF FIDELITY
evaluation.
Brogan 2019 SLP PP N/a NIH- study design, training providers, delivery of treatment,
BCC receipt of treatment, and enactment of treatment skills
Brogan 2018 SLP PP N/a NIH- study design, training providers, delivery of treatment,
BCC receipt of treatment, and enactment of treatment skills
Bronars | 2017 PA FidSt Various: Protocol NIH- design focuses on the methodological processes that
,etal LI deviations manually BCC ensure the study adequately assesses the proposed

recorded using a
checklist form.
Interviews, audits,
etc.

hypotheses in relation to a theoretical framework.
Training was designed to ensure satisfactory delivery of
the intervention to study participants. Trainings were
tailored to account for different backgrounds and past
training experiences of the FHPs.

Treatment fidelity pertaining to treatment delivery
includes ensuring that the content and dose are
consistent as well as adherence to the manual.
Receipt ensures that participants received and
understood the treatment provided.

Enactment assessment and monitoring of participant
behaviour outside of the intervention
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Bryant,
et al

2014

PT

FidSt

This audio recording
was reviewed by the
site psychologists
against specified
criteria for

fidelity to the content
and quality of

its delivery

NIH-
BCC

treatment fidelity, a term that refers to the consistent and
reliable delivery of interventions. achieving training
fidelity: a specific intervention cannot be delivered until
those delivering it have learned to do so in a standardized
way.

Burkart

2017

PA

PE

semi-structured
guestionnaire
completed by trained
data collector
observing sessions.
Participant
accelerometers.

Durlak
and
Dupre

Intervention fidelity (i.e., adherence, compliance,
integrity). degree of which the intervention was delivered
as originally planned

Busse,
et al

2017

PT

RCT

Fidelity of the
physical activity
intervention was
measured using a
combination of self-
report checklists,
independent analysis
of audio recordings,
and a self-
assessment
completed by the
intervention
coaches.

Not
reporte
d, but
see
Quinn
etal,
2016,
for
descrip
tion.

NR

Butel,
et al

2015

LI
PA

cRCT

fidelity monitoring,
which documented
how well
intervention
components were
being implemented,
assessed intervention
adaptations
(expected given
vastly different
intervention site
contexts), and
identified ways to
improve intervention
delivery.

NR

Cites
Gearing

NR

Bysterv
eldt et
al

2010

SLP

SS

Analysis of
videotaped sessions.

NR

NR

Campb
ell, et al

2015

PA

FidSt

Process evaluation,
quantitative and
qualitative

NR

Fidelity is whether the intervention is delivered as
expected whether and how variations in delivery
occurred. To what extent was the intervention delivered
as planned? To what extent was the intervention
delivered as planned? IN what ways, if any, did the
teachers amend the programme? and

What were the reasons for any amendments?

Carlson
,etal
Lifestyl
e
interve
ntion
for
adults
with
spinal

2019

RH
LI

RCT

Interveners received
30 hours of
standardized training,
were assessed
monthly in session
delivery using a
standardized rating
scale, and attended
weekly
troubleshooting

NIH-
BCC

NR
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cord
injury

meetings to mitigate
protocol drift

Carlson
,etal

2019

PA
SCI

RCT

multi-faceted
treatment fidelity
plan : standardized
training and check
ins.

Bellg
NIH-
BCC

To ensure that the intervention protocol was properly
implemented, we adhered to a multi-faceted treatment
fidelity plan consistent with guidelines for monitoring
complex interventions. According to this plan, interveners
received 30 hours of standardized training, were assessed
monthly in session delivery using a standardized rating
scale and attended weekly troubleshooting meetings to
mitigate protocol drift.50-52 All interveners were blind to
the study hypotheses and design.

Carroll

2007

Fidelity

PP

n/a

Carroll

1.Adherence: whether "a program service or intervention
is

being delivered as it was designed or written.

2.exposure or dose: the amount of an intervention
received by participants (frequency and duration as
specified in protocol...)

3.quality of delivery: the manner in which therapist
delivers intervention. E.g.: adherence achieved but the
intervention delivered badly. It concerns whether an
intervention is delivered in a way appropriate to achieving
what was intended. If the content of an intervention is
delivered badly, then this may affect the degree to which
full implementation is realised.

4.participant responsiveness: how far patients respond to
or are engaged by an intervention.

5.programme differentiation: Identification of an
intervention's essential

components.

CARROLL: Adherence: content, coverage, frequency,
duration. Adherence is essentially the bottom-line
measurement of implementation fidelity. If an
implemented intervention adheres completely to the
content, frequency, duration, and coverage prescribed by
its designers, then fidelity can be said to be high. The
content of the intervention may be seen as its 'active
ingredients'; the drug, treatment, skills, or knowledge that
the intervention seeks to deliver to its recipients.
Subcategories of adherence concern the frequency,
duration, or coverage of the intervention being delivered,
i.e., what is more broadly defined as "dose" Identifying
these essential components also provides scope for
identifying adaptability to local conditions. Moderators
include complexity, delivery qual...

Case-
Smith,
et al

2011

oT

PS

Customized Fidelity
measure

NR

NR

Case-
Smith,
et al

2011

oT

ucTt

Adhere
nce to
Rx
principl
es.

NR

Fidelity: Adherence to Rx principles.

Casey,
et al

2018

PA
PT

PTCL
RCT

Treatment fidelity
will be assessed by a
health psychologist
who is highly
experienced in the
delivery of group
psychological
interventions for
chronic pain using
ACT. All eight

Borrelli
(NIH-
BCC)

Fidelity: Fidelity to protocol.
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ACT sessions from
one treatment group
will be audio
recorded and
reviewed. An ACT
treatment fidelity
tool that has been
modified for chronic
pain will be

used to evaluate the
intervention.
Treatment fidelity of
the physiotherapy
components of the
trial will be assessed
review the checklists
and notes at
monthly intervals

Casida, 2012 Surg PS Log to check NIH- Treatment fidelity consists of five components of design
et al RH compliance to BCC (for accurate testing of the study’s clinical process),
protocol (nurses) training (of those researchers providing the intervention),
delivery (to monitor the intervention ac- curacy), receipt
(to ensure that the patient is able to perform the
intervention), and enactment (the ability to perform the
intervention in real life settings)
Chesw 2015 RH FidSt Assessment of NIH- These recommendations include five areas of treatment
orth, et nurse’s logs BCC fidelity: study design, provider training, treatment
al Focus on fidelity of delivery, treatment receipt, and enactment of treatment
treatment delivery on skills. Focus on fidelity of treatment delivery on study.
study.
Chewni | 2019 PA RCT Master teacher’s Borrelli, | “Also, demographic information, fidelity of course
ng, et observation/a 40- NIH- delivery, course size and attendance, and fidelity of
al item dichotomous BCC course receipt and enactment in terms of participant tai
checklist. Re-Alm | chi home practice was collected. Trained researchers
collected physical, confidence and executive function data
at community sites using specific stations for each
measure with participants systematically rotating
between these stations.”
Clark, 2014 RH PP 30 hours of NR A balance between protocol adherence and clinical
et al RCT standardized judgment must be maintained. We achieved this
intervener training; requirement through two strategies. First, the six
(b) one monitoring intervention modules served as a toolbox demarcating
session per month in the core components of the intervention and the range of
which each appropriate content and provided troubleshooting
intervener’s guidelines. Second, interveners were expected to adhere
adherence to the to a set of theoretically grounded, overarching principles
protocol was related to pressure ulcer risk when tailoring the sessions
assessed using a to be participant- and situation-specific
specialized rating
scale; and (c) weekly
supervisory protocol
adherence meetings.
Cooke, RH PTCL training and a TDF NR
etal RCT standardised
procedure manual Cites Fidelity: Theoretical Domains Framework, delivery, and
(detailing protocol, Spillane | receipt of the intervention.
plans for dealing with
intervention fidelity
issues, and
monitoring the
delivery and receipt
of the intervention.
Cox, et 2018 PT FS subjective Fidelity is usually interpreted as the consistent delivery of
al PILOT description of case intervention components.112 However, physiotherapy
RCT notes by the study interventions do not always benefit from consistency as
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team. The co-
applicant
physiotherapists
rated each
physiotherapy
session for
optimisation using
data from the study
documentation.
Optimisation
assessment of
whether or not any
adaptations had been
made and whether or
not the session had
been completed

they involve the revision of treatment plans to account
for changing and uncertain experiences.113 Evidence
suggests that the fidelity to the treatment theory is more
important114—116 than consistent delivery of the
intervention. We therefore evaluated treatment
optimisation to the patients’ needs and capabilities.
Adherence to the prescription. Assessment of overall
treatment optimization. It follows that optimisation, or
‘fidelity of function’ is more an appropriate construct for
assessing implementation quality than ‘fidelity of
form’,114 ensuring congruence with the intervention
theory.

Cristian
sen, et
al

2010

PT
PA

RCT

NR

NR
Cites
Pereple
tchikov
a

NR

Cutchin
,etal

2009

oT

FS
RCT

Manual. Feasibility is
being measured by
the rate of
recruitment,
representativeness of
the study sample,
and retention rates.

NIH-
BCC

Cites
Frank

fidelity in design, training, delivery, receipt, and
enactment.

Frank https://doi.org/10.1177/0733464807308621

Dean,
et al

2018

PA
RH

PILOT
RCT

attendance registers,
accelerometery,
exercise ‘homework’
diaries, trainer
completed session
checklists and video
analysis of (early,
middle, and late
programme) training
sessions

NR

NR

No definition of fidelity: Adherence to protocol/manual.

Dean,
et al

2016

RH
stroke

PTCL
Pilot
RCT

attendance,
accelerometery,
exercise diaries,
session checklists and
video analysis of
selected training
sessions in each
programme.

NR

NR

Fidelity: adherence to the intervention manual by
participants and trainers

Deary,
et al

2018

SLP

Pilot
RCT

Sessions audio
recorded and
structured analysis of
the content of
intervention for
treatment fidelity
and inter-treatment
contamination.
monitoring the
content of the
sessions via real-time
clinical supervision
and retrospective
content analysis of
contemporaneous
case notes.

NR

NR

Fidelity of delivery, protocol violations.

Deary,e
tal

2018

SLP

RCT
DS

assessed by
monitoring

NR

NR

No results of Fidelity Assessment.

390



the content of the
sessions via real-time
clinical

supervision and
retrospective content
analysis of TM’s

contemporaneous
case notes.
Desvea 2016 PT PTCL Fidelity will be NR NR
ux, et al PA RCT monitored
throughout the study
through semi-annual
check-ins with
community facilities.
Facilities will explicitly
outline the
operationalization of
the intervention at
their respective
facility, including
frequency, duration,
supervision,
attendance
monitoring, and
individual program
components.
DeVito, 2011 RH FidSt n/a Custom | Delivery: the extent to which the intervention is delivered
et al as intended; (b) receipt: the extent to which the
intervention is received as intended; and (c) technology
acceptance: the extent to which the participant has
positive perceptions, attitude, and intention to use a
system. Relationships purported in the framework include
the following: (a) Intervention fidelity extends beyond
delivery to include receipt and technology acceptance
(perceived ease of use, perceived usefulness, attitudes
toward use, and intention to use). (b) There is a reciprocal
relationship between delivery and receipt (i.e., qualities of
delivery affect receipt and vice versa). And (c) human
factors (technology acceptance) moderate the
relationship between delivery/receipt and ultimate
adoption (use of technology).
Measurement of delivery typically includes assessing
whether all the intervention components and activities
were delivered and implemented in the proper manner.
Adoption is the extent to which the individual participant
uses the technology-based behavioural intervention. It is
akin to terms such as intervention usage, utilization, and
intervention dose and should not be confused with the
use of the term for describing diffusion of innovations
(how new ideas and technologies spread among groups.
Enactment is the extent to which the participant performs
the behaviours that the technology-based behavioural
intervention is intended to promote (e.g., follow an
exercise regimen, monitor health indicators). Because
adoption moderates the relationship between the
intervention and treatment effects (enactment), it is
important to quantify both to determine the strength by
which one can conclude that the intended outcomes
were indeed due to the use of intervention. Because
neither adoption nor enactment measures how well the
intervention was delivered as conceived and planned,
they are not included as components of intervention
fidelity.
Di 2012 RH NR IFF evaluating the adherence of the therapist to an
Rezze PT intervention and differentiating therapist behaviours
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oT between interventions. Therapist behaviours “client
responsiveness,” a concept that is also applicable to
paediatric rehabilitation. Such items examined client or
client-therapist interaction behaviours. Examples include,
“how receptive and/or engaged was the client during the
session? Fidelity includes therapy process (e.g.,
assessment) and delivery process (e.g., rapport).
Di 2014 RH NR n/a IFF actors that mediate intervention fidelity focus on
Rezze therapist adherence to delivering the intervention as
et al expected and include only therapist behaviours.
Moderating factors of intervention fidelity examine
concepts beyond the therapist's adherence to the
intervention. Examples include therapist quality of
intervention delivery, client attributes independent of the
therapist, and client attributes dependent on the
therapist (i.e., therapist-client interaction).
Di 2013 PT FidSt Paediatric IFF The fidelity measure created to support this process was
Rezze, oT PP Rehabilitation based on a conceptual model, the implementation fidelity
etal Observational framework (IFF). In this model, therapist adherence in
measure of Fidelity delivering the intervention mediates intervention fidelity.
(PROF) developed for potential moderators may occur before intervention
study. Scoring video delivery, such as the complexity of an intervention (i.e.,
of Rx. comprehensiveness of policy) and defining strategies to
facilitate therapy better. Quality of therapy delivery and
participant responsiveness moderators were related to
examining the deliverer (i.e., therapist) and recipient (i.e.
client) within an intervention session. Adherence: details
of content, coverage, frequency, and duration.
Di 2014 RH PP CS NR NR
Rezze,e
tal
Dillon, 2018 PTCI quantitative (fidelity MRC program adherence (fidelity): How well did the specialists
et al PE checklist score, deliver the program to participants?
number of complete delivery (dose delivered) To what extent were
completed sessions, all of the intended components of the v-LiFE program
survey data and a delivered to participants?
habit formation participant receipt (dose received: To what extent were
scale), as well as participants engaged/satisfied with the v-LiFE program?
qualitative (open participant enactment: To what extent were the
responses from participants completing the prescribed activities?
program staff and
semi-structured
interviews with study
participants) data
Drew, 2016 Cl CS Evaluation of NR fidelity of the delivery of the intervention in line with the
et al PP recordings. theoretical framework on which it was developed
Dunn, 2017 oT FidSt Hand coding of Geariin | Gearing Model of NIH-BCC. These authors described four
et al LI/HP observations/ g and key elements of fidelity: (a) intervention design, (b)
transcripts of Bellg intervention training, (c) monitoring intervention delivery,
randomly selected (NIH- and (d) monitoring receipt of intervention. Researchers
sessions against BCC) must use a clearly outlined theoretical framework,

checklist made for
study, based on
Gearing and
components of OPC.
Blind
coding/assessment of
fidelity in Rx sessions.

program goals, and a consistent methodology to measure
the fidelity of an intervention design.

ESSENTIAL actions of the intervention and UNIQUE
actions of the intervention.

Itis also important to monitor specific aspects of
intervention receipt, including dose and participant
comprehension, resistance/acceptability, attendance,
and/or knowledge before and after the intervention.
assessed intervention receipt by monitoring participant
attendance and participation throughout the study. We
queried parents regarding acceptability of OPC for their
families and their goals via post intervention
guestionnaires.
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Elinder, | 2012 PA ucTt Process evaluation. NR Fidelity to the programme as a whole was assessed in
et al Fidelity to school relation to whether schools had implemented all
action plans was Cites components in the programme according to the logic
evaluated through Fraser model.
interviews with Fidelity, defined as the extent to which a programme
health teams guided adheres to its programme theory
by a checklist.
Eyre, et | 2016 CR PTCL A customized, 13- NR NR
al Pilot item intervention
RCT fidelity checklist. Fidelity: Adherence by facilitators to the intervention
audio recordings by protocols
intervention
facilitators and then
reviewed and coded
(using the fidelity
checklist) by two
independent
researchers.
Eysenb 2019 PA PTCL “expert auditing of NIH- “study design, provider training, delivery of treatment,
ach, et RH RCT calls, monitored BCC receipt of treatment, and enactment of treatment. ”
al study website, “study design area focuses on practices that ensure study
coaching call notes. procedures and implementation are in line with current
Monitoring all theory and clinical processes. Study design fidelity goals
phases. include ensuring that conditions are congruent with
relevant theory and practice, ensuring equivalent
treatment dose within and across conditions, and
planning for implementation setbacks.” Provider training:
“strategies that address preparation for uniform delivery
of treatment by providers/coaches.” “standardized
training; this ensures that training is conducted similarly
for all providers. ” “Another goal of provider training is
minimizing drift in provider skills. “Delivery: “Fidelity of
treatment delivery focuses on ensuring the intervention is
delivered as intended. Many of the concerns within
delivery of treatment overlap with strategies for training
and study design, including controlling for provider
differences and adhering to created protocols; however,
this area further addresses differences within treatment
conditions and minimizes contamination ” “treatment
receipt involves strategies and monitoring of a
participant’s ability to understand and adopt treatment-
related behavioural skills and cognitive strategies. ”
“participants’ comprehension and ability to utilize digital
media in delivering content and tracking goals”
“enactment of treatment described as strategies aimed
at monitoring and improving participant ability to perform
treatment-related behavioural skills and cognitive
strategies in relevant real-world settings.”
Ferrant | 2019 PT PTCL systematic process, Gearing | Key components of intervention fidelity include a well-
e, etal RCT specific therapist designed framework, therapist training, monitoring of
training for treatment delivery, and monitoring
motor learning of treatment receipt (by participants)
principles and
techniques as well as
administration of
outcome measures,
establishment of
interrater reliability
with outcome
measures, treatment
session observation,
critique of participant
Flynn 2018 Pain RCT Role-playing ensuring | NIH- NR
RH that team members BCC
SMART understand the
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protocol. All contact
with participants is
scripted and
randomly and
regularly reviewed by
the principal
investigator.
Treatment delivery is
monitored by the
interdisciplinary pain
management centre
clinical team leader

Foster, 2016 RH FS PTs recorded full NR NR
etal PT PILOT details of the advice
RCT and treatments, Fidelity to protocol
number and mode of
treatment sessions,
any non—attenda'nce, Audited against the physiotherapists’ clinical notes to
acupuncture points .
used, any sensations ensgrg ac;uracy a.nd to de‘.cermme protoco! adherence by
. participating physiotherapists before collation by the
during acupuncture research team in order to fully describe the interventions
treatments and any delivered. Where protocol deviations were noted, these
adve'r§e events'on were discussed with the physiotherapists involved in
specmcally demgngd order, whenever possible, to enhance adherence to the
CRFs. Audited against . )
o agreed intervention protocol.
the PT clinical notes
to ensure accuracy
and to determine
protocol adherence.
French, | 2015 PR SR five-area (eight- NIH- Intervention fidelity (study design, training of providers,
et al element) BCC delivery of treatment, receipt, and enactment of
intervention fidelity treatment?
tool, Study design: was the guideline or protocol used to guide
the study published and was it clearly identified? were
standardized or validated tools used to measure patient
reported outcomes?
Training of providers: formal training of providers related
to the guideline or protocol used, and was an intervention
manual used to guide providers?
Delivery of Treatment: core treatment interventions
consistent with the guideline or protocol used to develop
the intervention manual and/or to guide the study? “was
there assessment of response to treatment at specified
timeframes?
Receipt of Treatment: Was there any mention and/or
measurement of concordance of patient and provider
understanding of the problem and/or treatment
recommendations?
Enactment: patient's ability to engage in the treatment
recommendations in daily life
French, | 2011 PA PTCL Manualized Bellg Provider fidelity of delivery to the intervention manual
et al intervention. Taped (NIH- and maximise recipient fidelity of receipt and enactment
intervention sessions BCC) of the intervention techniques. If interventions are not

are being analysed to
quantify the extent to
which each
intervention
technique was
delivered as specified
by the intervention
manual. Selection of
patients were
interviewed
immediately after
receiving the

delivered or received as intended (i.e., as per protocol)
then it is difficult, if not impossible to be certain that the
results can be attributed to the intervention itself. fidelity
in relation to delivery and receipt of the intervention
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intervention to
monitor intervention
receipt.

Fuente
s, et a;

2014

PT

RM

Therapist adherence
was based on how
closely the therapists
followed the
experimental
protocol assessed by
videotaping all
treatment sessions,
of which 28 (20%)
were randomly
selected for
evaluation . Two
research assistants
not involved with the
study separately
rated each session
regarding treatment
fidelity.

NR

NR

Fuente
s, et al

2014

PT

expCon
tSt

Therapist adherence
was assessed by
videotaping all
treatment sessions,
of which 20% were
randomly

selected for
evaluation. Two
research assistants
not involved with the
study separately
rated each session
regarding treatment
fidelity.
Independent
assessments.

NR

Cites
Monch
er

Therapist adherence was based on
how closely the therapists followed
the experimental protocol.

Furnes
et al

2018

PA

PE

Process evaluation of
fidelity

MRC

NR

Galaviz,
et al

2014

PA

SR

RE-AIM criteria in
checklist

RE-AIM

the duration and frequency of the intervention, the
extent to which the protocol was delivered as intended,
and the cost of delivery. Additional implementation
indicators used include whether articles reported the
theoretical framework of the intervention, the
consistency of implementation across settings and
delivery agents, the degree to which the participants
received intervention components, and the use of
qualitative methods for measuring implementation.

Gibson,
et al

2016

PR

SR

five-area (eight-
element)
intervention fidelity
tool,

NIH-
BCC

Study Design, Provider Training, Treatment Delivery,
Treatment Receipt, and Treatment Enactment

Giesbre
cht, et
al

2017

oT
PT
RH

RCT
FS

Trainers indicated
any protocol
deviations on the
checklists and
completed a trainer
post-treatment
evaluation form after
EPIC

NR

Adherence to protocol

Gladwe
Il, et al

2016

PT

QualSt
dy

Semi-structured
interviews

Carrol

adherence and moderating factors. Adherence is defined
as “how far those responsible for delivering an
intervention actually adhere to the intervention as it is
outlined by its designers”11 and includes the
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subcategories of treatment content, coverage, frequency,
and duration. Moderators are factors that influence the
degree of fidelity with which an intervention is
implemented and include intervention complexity,
facilitation strategies, quality of delivery, and participant
responsiveness to a treatment program.

Glombi
ewski,
et al

2010

cP
BC

RCT

Manual, videotape
analysis.

NR

All therapists were trained in a standardised treatment
plus biofeedback and were supervised weekly by licensed
cognitive-behavioural therapists and supervisors.
Treatments were described in detailed session-by-session
protocols to maintain treatment fidelity. Selected
videotapes of therapy sessions were discussed during
supervision contacts to ensure adherence to protocols.

Glombi
ewski,
et al

2010

Pain
RH

Selected videotapes
of therapy sessions
were discussed
during supervision
contacts to ensure
adherence to
protocols.

Fidelity
to
manual
s

No theory reported.
“Treatments were described in detailed session-by-
session protocols to maintain treatment fidelity.”

Godeck
e, etal

2015

SLP

FidSt

Therapy fidelity was
measured according
to the TIDIER
statement with
treatment adherence
and treatment
differentiation
monitored
throughout the trial.
sessions were
reviewed by the
independent therapy
fidelity monitor and
feedback was
provided to
therapists as part of
the ongoing
adherence to the
treatment protocol.

NR

NR

Godfre
y, et al

2016

PT

PTCL

sessions from every
PT will be rated in
terms of adherence
to the manual and
checklist/modified
fidelity measure

NR

Fidelity to manual/protocol.

Golos,
et al

2011

oT

qRCT

consultation and
monitoring sessions
were documented
using forms for the
purpose of
determining
treatment fidelity.
Customised Fidelity
measure

NR

NR
No results of Fidelity assessment.

Graha
m, et al

2018

PT
PA

PTCL
cRCT
FS

Observations of the
delivery of a sample
of the training will be
conducted in each
intervention home.
Semi-structured
interviews with staff
and trainers. Process
evaluation. a trial-
specific observational
tool designed to

NR

Intervention fidelity and adherence (training, content,
delivery, attendance

396




record instances of
care behaviours
reflective of skills
(that could have
been) learned during
SCTP training will be
developed and tested
in more than one
site.

Granbo | 2019 oT PTCL demonstrate the last NIH- “The fidelity plan, based on the National Institutes of
m et al session’s exercises to BCC Health (NIH) Behaviour Change Consortium, addresses
the OT on the fidelity through design (distinct program based on
following session and theory), training (using established LiFE program training,
show the logs of home safety training, and program manual), delivery
activities. Sessions (reminder calls the night before sessions), engagement
are audio-recorded, (records of home sessions by date and duration), and
and study team receipt (completing checklists on program engagement).”
members review 10%
of the sessions. bi-
weekly meetings with
the OT and Pl case
presentations
evaluated in terms of
fidelity to
intervention delivery
Granbo | 2019 oT PTCL Sessions are audio- NIH- addresses fidelity through design (distinct program based
m, et al PS recorded, BCC on theory), training
RCT and study team (using established LiFE program training, home safety
members review 10% training, and program manual), delivery (reminder calls
of the sessions. the
bi-weekly meetings night before sessions), engagement (records of home
with the OT and sessions
(P1) case by date and duration), and receipt (completing
presentations checklists on program engagement). To assure
evaluated for fidelity enactment,
to intervention participants in the LIVE LiFE group demonstrate the last
delivery. session’s exercises to the OT on the following session and
show the logs of activities.
Guaglia 2019 PA FS Participant NR NR
no, et RCT guestionnaires.
al
Gunn, 2018 fidelity of a random NIH- NR
et al sample of a minimum | BCC
of 25% of the Process evaluation for Fidelity.
delivered sessions MRC
will be assessed using
audio recordings of
the session. This
sample will include at
least two recordings
of each session type.
Checklist used, two
team members not
Rx.
Hahne 2011 PT PTCL comprehensive NR NR
RCT treatment manual,
initial training of PTs, Cites
a monthly Borrelli

teleconference
involving all treating
PTs, clinical notes
directing PT along
decision making
algorithms, reviewing
the clinical notes of
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every participant at
three points during
their treatment
program, and the use
of standardised
participant
information sheets
are methods chosen
to ensure that all
participants receive
treatment from PTs
that is standardised,
accountable, and
reproducible.

Hand, 2018 PT SR n/a Carroll Fidelity is the faithfulness of an intervention to its
et al oT underlying therapeutic principles and clinical guidelines.
Dane Fidelity consists of five key components: (1) adherence,
and (2) quality of delivery, (3) exposure, (4) participant
Schnei responsiveness, and (5) program differentiation.
der. Adherence refers to the extent to which program
components are delivered as intended, whereas quality of
delivery is a subjective aspect of treatment delivery that
extends beyond delivery of prescribed content. For
example, aspects of quality of delivery may include
clinician enthusiasm or attitude. Exposure refers to the
number, length, or frequency of intervention sessions or
the frequency with which intervention techniques are
implemented. Participant responsiveness includes
participants’ judgments about the outcomes and
relevance of an intervention (Carroll et al, 2007) and is a
key aspect of intervention fidelity. Finally, program
differentiation refers to how the intervention being
delivered is different and distinguishable from other
interventions
Hankon | 2016 PA PTCL Intervention NIH- receipt and use of intervention materials (e.g., use of
en, et cRCT facilitators keep track | BCC workout and activity break videos) and enactment of the
al of components BCTs taught in intervention classes
delivered, as well as
the quality of delivery
(e.g., interaction
elements), by filling
in a self-assessment
form after each
session, to assess
whether the
intervention was
delivered as intended
and to ensure high
fidelity
Harris, 2013 PA PS, Inferred from proxy. NR “Another strength of the study was that both
et al FS interventions were implemented by highly skilled
(Nauta) interventionists with years of training in their fields
suggesting high levels of treatment fidelity by those
implementing the intervention and assessment.”
Hart, et | 2012 RH PP n/a NR Fidelity may be defined as the extent to which the core
al components of treatment have been delivered as

intended. concepts of treatment receipt and treatment
enactment. Treatment receipt refers to the extent to
which the patient understands the strategies or
techniques taught and demonstrates the capacity to use
them. For this purpose, one could administer pre- and
posttreatment tests of knowledge related to treatment.
Treatment enactment, which has to do with whether the
participant actually uses the learned strategies in day-to-
day life, is more challenging to measure but could be
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ascertained using self-report and proxy report
instruments given at some point after the trial.

Harwo 2018 PT PTCL Records of therapy NR We will undertake a process evaluation, studying fidelity,
od, et oT FS sessions undertaken, understanding mechanisms and context. Implementation
al HP/LI and self-directed (delivery of intervention), includes fidelity (quality of
activity will be delivery) and dose (quantity of delivery).
examined, and video-
recorded therapy
sessions will be
assessed qualitatively
for fidelity.
Mechanisms of
impact and
contextual factors
include engagement
and adherence.
Healey, | 2018 PA FS Audio recording of Gearing | fidelity — the degree to which the intervention is delivered
etal RCT intervention sessions as intended. which elements of this intervention were
and intervention delivered.
fidelity checklist
specifically
developed for the
trial to assess
whether components
of the consultation
intended to be
included
Hildebr
and
Hill, et 2014 RH cRCT Therapists complete NR NR
al the online training
programme. Patient's Adherence to protocol
unit lists are checked.
education and
training are repeated
for new staff on the
unit.
Hinckle | 2013 SLP NR n/a Monch | Treatment integrity refers to how well a treatment
y, et al er and condition was implemented as planned. treatment
Prinz differentiation refers to whether the treatment conditions
being studied differed from each other sufficiently so that
the intended manipulation of the independent variable
can be assumed to have occurred. Both of these concepts
are important to consider because it is possible to
administer a treatment as planned without differentiation
from a comparison treatment or to successfully
differentiate two treatments in a research study without
implementing the treatment with a high degree of
integrity
Hoekstr | 2018 PA n/a MICAS It is expected that the MICAS contains four subscales
aetal (M1) related to the factors: Acceptance (10 items), Partnership
(8 items), Evocation (3 items), and MI non- adherence (5
items).
Hofma 2013 PA PTCL BET is delivered by NR high treatment integrity. The latter refers particularly
n, et al PT RCT the same BET- to a potential mixture between the study group

therapist, who will be
intensively

trained in the use of
the program and will
receive a

detailed trainer
manual. Regularly,
announced
visitations during the
Rx

and the control group through a communication about
intervention contents between patients and therapists
within each rehabilitation centre, as well as individual
deviations from the treatment protocol.
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phase will occur in
order to assure
adherence to

the treatment
protocol. Individual
deviations from the
Rx protocol will be
recorded.

Holland | 2018 SLP FS Video and audio intervention maintains fidelity to the core principles of
,etal footage assessed for the therapy. session number, duration, and content;
fidelity with MIS therapist background, training, and support.
Checklist.
Holland | 2013 PT Adherence to the NR NR
s, et al intervention by
therapists will be
assessed during their
involvement in the
trial by A. Wimperis
and K. Hollands
through video
observation at weeks
2 and 6 of each
therapists’ first
treatment period.
Further training for
the therapist will be
provided, if
necessary, to
improve compliance
with treatment
protocols.
Holt, et | 2018 PA RCT *assessed by NIHBCC | Design: Ensure the same treatment dose within
al facilitator talk time, Linnan conditions. Ensure an equivalent dose across conditions.
checklist and direct and Plan for implementation setbacks.
observation of the Steckle | Training: Standardise training. Ensure provider skill
facilitator behaviour r's acquisition. Minimise ‘drift’ in provider skills.
and conduct at process | Accommodate provider differences
sessions. evaluat | Delivery: Control for provider differences. Reduce
ion differences within treatment.
framew | Ensure adherence to treatment protocol. Minimise
ork contamination between conditions.
Receipt: Ensure participant comprehension. Ensure
participant ability to use cognitive skills. Ensure
participant ability to perform behavioural skills.
Enactment: Ensure participant use of cognitive skills.
Ensure participant use of behavioural skills.
Hossein | 2018 PA RCT We assessed the NIH- NR
i, etal Tai Chi treatment fidelity of BCC
study by a standard
guideline (Bellg et al
2004). To ensure the
exercise program was
administered by the
same frequency and
duration of sessions
for all participants.
Hurd, 2017 PT PTCL weekly NR NR
etal RCT teleconference

meetings, in which
the documentation
from training is
reviewed, and
discrepancies
addressed. Video
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recordings of a full
training session are
compared
periodically. Finally,
each therapist visits
the other centre at
least once a year to
observe and discuss

the training.
Hurley, 2019 PT cRCT PT behaviour was Borrelli NR
et al assessed during
delivery of the
SOLAS intervention
by audio
coded by one blinded
expert rater and
physios’ self-reported
checklists to evaluate
fidelity to the
intervention content
Hurley, 2016 PT PTCL direct observation
et al cRCT and audio recording
by researcher, PT
self-report
to assess the content
and quality of
treatment fidelity
during the trial.
interviews with
intervention
PTs .Fidelity will be
assessed and
reported by
separate evaluators
from the outcome
evaluators.
Jafar, 2016 LI FS Process evaluation NR fidelity defined as the proportion of a) the planned
et al orientation sessions delivered to physicians and nurses, b)
the prescription of FDC to eligible participants, c) the
delivery of MC to eligible participants, and d) the
telephone follow-ups.
Jago, et | 2015 PA PE Process evaluation NR dose delivered, the reach (or number of people who
al. RCT FS interviews receive the intervention), fidelity (extent to which the
intervention was delivered as planned), implementation
(how well the programme was implemented) and context
which provides critical information on the environment in
which the programme was delivered
Jaka, et | 2016 LI SR Modified NIH-BCC NIH- treatment design, provider training, and treatment
al Fidelity checklist. BCC delivery, receipt, and enactment.
Johnsto | 2009 oT PP Fidelity to manual NR NR
n, et al
No definition of Fidelity
Johnsto | 2019 SLP RCT Sessions were all NR therapist integrity in the delivery of treatment as
n, et al video-recorded. Each intended and (b) parent adherence to the delivered

session had a
Treatment Fidelity
Checklist that
contained the
essential elements of
each session for the
therapist. Therapists
rated each element
of therapist fidelity. A
random sample of

treatment
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10% of each
therapist’s video-
recorded sessions
was examined
quarterly by an
independent
observer to
determine inter-rater
reliability.

Jgrgens | 2012 PT RCT Log-books on NR adherence, context and fidelity and the interplay between
en, et adherence, fidelity adherence and contextual events. implementation is
al and context were reflected in the intervention dose received by the
held during the participants (i.e., adherence) and the fidelity (i.e. the
intervention. quality of intervention delivery).
Karas MT
PT
Katz et 2015 Surg PP n/a Cites Intervention fidelity refers to the extent that the
al Nelson intervention is delivered in an identical fashion to each
and subject.
Cordra To address these issues of intervention fidelity and
y learning curve, the surgical investigators should meet
prior to the study launch in order to develop consensus
on the precise surgical protocol, including the decisions to
be made in the face of particular intraoperative findings.
Kearne 2006 LI/HP FidSt Fidelity to protocol Bellg Full execution of an intervention has been termed
y, et al Pilot not assessed or treatment fidelity, which has two components: integrity
recorded during trial. Levent (the research team delivers the intervention as intended)
haland | and differentiation (the groups’ exposure to the
Friedm intervention differed as intended). Integrity includes
an treatment receipt (participants absorbed the knowledge
and skills imparted in the intervention) and treatment
enactment (participants used the skills in the manner
intended. treatments be supported by a theoretical
explanation for their mechanism of action so that they
can be adapted without losing integrity, and failures can
be explored in light of the theory. Differentiation of
groups is the second major component of fidelity.
Keogh, 2018 PT FS process evaluations NR Fidelity guidelines suggest that following training,
et al to providers should be competent to deliver the
assess the fidelity to, MRC intervention. Fidelity evaluations involve the assessment
and implementation and of what has taken place
of, intervention Borrelli
components cited.
Kerr et 2018 PA cRCT Evaluation of NR NR
al participation (dose?)
and enactment.
Kipplin 2016 PA FS Process evaluation NR NR
g, etal cRCT
reach and dose, some enactment
Lamber | 2018 PA Pilot Delivery fidelity was NR Intervention fidelity was conceptualized and measured in
t, etal RCT tracked using Web the domains of design fidelity, training fidelity,
usage statistics. Cites quality/completeness of delivery, participant receipt, and
Fidelity of receipt 5- Borrelli | enactment. fidelity of intervention delivery, receipt, and
point Likert response | (NIH- enactment (use of techniques).
scale. assessed BCC)

participants’
perceived ability to
use the intended
BCTs by asking
participants to rate
their confidence in
using specific BCTs.
to assess enactment,
asked participants if
they had used
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specific BCTs related
to BAin the last 2
months using a
binary scale (yes/no)

Lamber | 2017 PA SR NIH-BCC criteria NIH- Study Design, Provider Training, Intervention Delivery,
t, etal Fid BCC Intervention Receipt and Enactment. Study Design is
MRC concerned with whether a study adequately tests its
hypotheses in relation to its underlying theoretical and
clinical processes. Provider Training involves standardizing
training between providers and ensuring they are trained
to clear criteria and monitored over time. Intervention
Delivery involves assessing and monitoring differentiation
(differences between the intervention and any
comparison treatments), competency (skills set of
provider), and adherence (delivery of intended
components). Intervention Receipt refers to whether the
intervention was understood and ‘received’ by
participants and enactment refers to whether participants
used intervention related skills in day to day settings
Lamdes | 2019 PT PTCL Videotaped sessions Standar | Not reported in the protocol. Emailed lead author
man- oT RCT each week for every dised 06/10/19.
Ramey, CIMT child and then Fidelity
et al scoring randomly of
selected 15min Implem
segments entatio
n
Measur
e
(FIRM)
develo
ped for
the
trial.
Lawfor 2019 PT Case Training facilitator NR NR
d, etal Study audited audio-
recordings of all
consultations, and
therapists self-
audited 50% of
consultations using a
tool.
Lawrie, 2018 PA Pilot a 2-week formal NR NR
et al RCT training in the
execution and Fidelity defined by: “adherence to protocol (intervention
governance of the fidelity).
protocols, to monitor and provide support to increase fidelity with
procedures for data the research protocol, a further visit after 3 months was
collection and undertaken and then regular video-conferencing calls
recruitment was were made every 2 weeks, and data were sent via
given to the ward protected email every 2 weeks to Oxford for storage and
staff and the analysis”
research assessors.
See last column...
Leeuw, 2009 RH PP Method of Assessing MATD The assessment of treatment delivery consists of verifying
et al LI FidSt Treatment Delivery the occurrence of essential components (protocol
(MATD) aimed to Cites adherence) and the non-occurrence of prohibited
determine protocol Pereple | protocol deviations (absence of treatment contamination)
adherence and tchikov | as well as verifying sufficient treatment differentiation
treatment a protocol adherence, referring to the degree to which

contamination

specific treatment procedures are used by the therapists
during actual delivery of treatment [8], competence,
which is the skilfulness of the therapists delivering the
treatment [8], and differentiation, signifying whether the
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therapies differ from other treatments on several critical
dimensions

Lenker,
et al

2010

RH
oT
PT

PP

n/a

Monch
er

Treatment fidelity is comprised of two components. The
first is treatment integrity, the extent to which
interventions are implemented as intended for the
duration of a study (i.e., each participant receives the
intended treatment). The second is treatment
differentiation, the extent to which the differences
between intervention and comparison conditions are
maintained over the duration of study

Levy, et
al

2018

PR
PA

PTCL
RCT
FS

NR

NR

Fidelity assessment: compliance with training
protocol, monitoring of intervention delivery
competency.

Li, et al

2016

RH
LI

FS
RCT

Fidelity check against
competency/Rx
checklist.

NR

NR

No definition of fidelity

Liu, et

2017,
2019

PT
RH

PE
RCT

coordinators
collectively trained at
study initiation and
annual collaborator
meetings. on-site
training as required.
Day-to-day support
by a clinical
coordination team,
neurologist and PT. A
log of trial
interventions kept by
the coordinator for
each participant for
hospital and home
visit activities.
Intervention patients
(with their
caregivers) were
encouraged to keep a
daily log of
rehabilitation
activities for 30 days
after discharge.

NR

NR

Fidelity: components implemented as per protocol

Liu, et
al
TaiChi

2018

RH
LI

PTCL
RCT

will be monitored
through attendance
records for each
intervention
component (peer
support groups,
health education
seminars, and Tai Chi
Ruler exercise) and
personal records of
the home practice of
Tai Chi Ruler exercise
kept by each
participant.

NR

NR

Logan,
etal

2018

RH
PT

PTCL

Evaluated using a
trial specific SPIRES
checklist that
outlined all
components

of the functional
standing frame
programme
intervention. PT will
record the content of

MRC

The Medical Research Council guidance [43] recommends
process evaluation and highlights the importance

of capturing fidelity (whether the intervention was
delivered

as intended); dose (the quantity of intervention
implemented)

and reach (whether the intended target

population comes into contact with the intervention,

and how).
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their sessions and
adverse events in the
Case Report Forms;
an independent
assessor will observe
one intervention/one
control group session
at each of the four
Stroke Rehabilitation
Units at random
timepoints during
recruitment and
complete a fidelity
checklist (during
qualitative interviews
with PT.

Lotzke, 2019 PT FS Protocol developed MRC Fidelity is a process applied in the study design, training
et al and tested for NIH- the provider, delivering of
feasibility BCC treatment, receipt of treatment and enactment of
Observation of treatment
treatment delivery by skills
Pls. Rx Receipt: assessing and optimising the degree to which
the participant
understands and demonstrates the knowledge provided
by the intervention).
Lousad 2013 SLP RCT Author and blind NR “observational rating scale recording key elements:
a, etal observation, duration of session; target sound(s); type of
checklist. reinforcement used; type of intervention; and main
activities used.”
Macleo | 2018 LI FS Programme NR protocol adherence and acceptability
d, etal implementation (by
LCs) was estimated
from a structured pro
forma completed
after every patient
contact which
recorded actual
values or scaled
ratings
Malden | 2018 LI PTCL Intervention fidelity NR NR
,etal will be assessed using

guestionnaires and
interviews with
parents and
practitioners,
observation, and
session delivery
records. Intervention
fidelity. measured by
assessing the
practitioner’s
logbook of the
number of sessions
conducted per week,
and structure
followed in relation
to classroom guides.
Observation of
delivery will also be
undertaken, as will
qualitative interviews
with practitioners
and parents on
completion of the
intervention.
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Mars, 2013 Cl PP courses were audio NIH- intervention delivery or integrity, defined as the
et al Pain FidSt recorded with the BCC monitoring and assessment of behaviours at the point of
consent of intervention delivery. The effectiveness of complex
participants and interventions may be dependent on the ‘skills’ of those
these recordings delivering them. ‘Skills” can be characterised by separate
were used to assess but related constructs of adherence and competence.
and evaluate Adherence is defined as: the extent to which a person
intervention integrity delivers the essential content, delivery strategies and
relating to the key theories prescribed by the intervention designers and
elements prescribed avoids activities proscribed by them. Competence refers
in the COPERS to the level of ‘skill’ demonstrated by those delivering an
facilitator's manual. intervention and may include the ability to respond
appropriately to a wide variety of contextual cues.
(DOSE NOT PART HERE).
Master | 2014 oT PP n/a Realist The programme theory incorporates four potential
son- Evaluat | mechanisms through which fidelity within the trial can be
Algar ion, investigated. These four programme theory areas are (1)
consoli the balancing of research and professional requirements
dated that therapists performed in a number
framew | of areas while delivering the study interventions; (2) the
ork for OTs rapport building with care home staff; (3) the work
implem | focused on re-engineering the personal environments of
entatio | care home patients; and (4) the learning about the
n intervention within the context of the trial and its
researc impacts over time.
h (CFIR)
Master | 2017 SLP PTCL, Process evaluation: NR process evaluation will be focused on investigating the
son- PE RCT questionnaire, quality of implementation of the PD COMMinterventions
Algar et observations, as well as adherence to the outcome evaluation protocol
al interviews.
Master 2018 RH PP n/a researchers should investigate barriers and enablers to
son- cP implementation by
Algar, reviewing strategies in place to improve or support the
et al fidelity of the rehabilitation intervention. The process
evaluation should review strategies in place to measure
‘dose delivered’ and ‘dose received’. Finally, participant’s
experiences and acceptability of the intervention should
be investigated. To date, it is rare for research studies to
provide intervention providers with clear guidance on
how to assess which is the ‘right amount’ of tailoring
Master | 2014 oT PP N/a CFIR Consolidated framework for implementation fidelity (or
son- RH research, CFIF or CFIR): adherence(intervention content,
Algar, coverage, frequency, and duration), and
et al ‘moderating factors’ that can potentially affect the degree
of fidelity.
These include the complexity of the intervention(s) to be
implemented, facilitation strategies, quality of delivery
and participant
responsiveness: context, described as the culture of
organizations, social behaviour/interactions among
members and
social structures, as an additional moderating factor
Mathe 2014 PA SR REAIM RE-AIM | Implementation refers to whether an intervention was
ws, et delivered as intended in relation to protocol fidelity,
al provision of training and support for individuals delivering
interventions may improve protocol fidelity.
Maxwel | 2017 RH PTCL Realist Evaluation to NR fidelity or variation to PFMT protocol (e.g., number and
|, etal PT track how the type of sessions) and the impact of any variations
implementation is
working (including
fidelity to the PFMT
protocol).
Mayer- 2018 LI RCT Coaches received NR NR
Davis training in
motivational fidelity of intervention delivery,
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interviewing and
problem-solving skills
training and in the
specifics of
intervention delivery.
Review of 10% of
random selection of
the audiotaped
sessions for
assessment of
adherence to
motivational
interviewing
principles using the
motivation- al

To ensure intervention fidelity, meaning that the
intervention would be delivered as designed

interviewing
treatment integrity
system.
McCart | 2015 PA PE Audiotaped sessions NR The implementation of the intervention according to
hy, et reviewed by protocol, which includes fidelity, dose, and context.
al independent assessor | Cites Evaluation of the fidelity to the intervention (how closely
for adherence to Ml Miller it was implemented as designed) focused primarily on the
principles. and incorporation of Ml principles into the counselling
Rollnick | sessions. Essential elements covered, Adherence to
principals
DOSE NOT INCLUDED IN FIDELITY: Evaluation of the dose
of the intervention that was delivered consisted of
examining the quantity or amount of intervention
delivered to participants.
McDow | 2017 CR RCT Various, including NIH- Design: “treatment fidelity practices relating to design
ell, et al PT weekly phone calls BCC ensure that a study adequately tests its hypothesis in
with the research Borrelli relation to its underlying theoretical and clinical
team to discuss processes”
individual patient Training providers: “treatment fidelity of provider training
treatment plans and involves standardising training between providers,
regular training ensuring that providers are trained to criterion, and
updates monitoring and maintaining provider skills over time.”
Delivery of treatment: “the assessment and monitoring of
treatment fidelity during treatment delivery involves
treatment differentiation (did the providers only deliver
the target treatment and not other treatments),
treatment competency (did providers maintain the skill
set learned in training), and treatment adherence
(delivery of the treatment components as intended).”
Receipt of treatment: “whether the treatment that was
delivered to the participant was actually “received” by the
participant.”
Enactment of treatment skills “assessment, monitoring,
and improving the ability of participants to perform
treatment related behavioural skills and cognitive
strategies in relevant real life settings
McPher | 2018 RH After each coaching NR NR
son et session, the coach
al completed the Uses SFFI based on: Fidelity refers to delivering the
fidelity measure, SFFI- intervention in a “comparable manner to all participants
which was reviewed Dumas and is true to the theory and goals underlying the
by a member of the etal, research”
research team with 2001

coaching expertise-
Solution-Focused
Fidelity Instrument
(SFFI)
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McPher | 2019 PA PTCL Solution Focused NR NR
son et RCT Coaching Fidelity Development of the fidelity instrument in a different
al Instrument. paper.
Miller, 2017 PT PTCL Fidelity will be NR consistency of the intervention with the protocol
et al cRCT measured through an
audit of the fidelity Cites
checklist and Hildebr
electronic medical and
record (EMR) of each
included patient to
determine
consistency of the
intervention with the
protocol
Mitchel | 2018 SLP FS Data about how the NR NR
|, et al RCT intervention was
delivered (face to
face or
independently) and
by whom were
extracted from
therapists’ records.
Moore, | 2018 PA SR, NS n/a SR Borrelli 1)Treatment fidelity strategies for design of study.
etal, Also Ensure same treatment dose within conditions
TIDIER Ensure equivalent dose across conditions
Plan for implementation setbacks
2)Treatment fidelity strategies for monitoring and
improving provider training
Standardise training
Ensure provider skill acquisition
Minimise “drift” in provider skills
Accommodate provider differences
3) Treatment fidelity strategies for monitoring and
improving delivery of treatment
Control for provider differences
Reduce differences within treatment
Ensure adherence to treatment protocol
Minimise contamination between conditions
4) Treatment fidelity strategies for monitoring and
improving receipt of treatment
Ensure participant comprehension
Ensure participant ability to use cognitive skills
Ensure participant ability to perform behavioural skills
5) Treatment fidelity strategies for monitoring and
improving enactment of treatment skills
Ensure participant use of cognitive Skills
Ensure participant use of behavioural skills
Moran, | 2015 PT FS ? Borrelli | ability of participants to comprehend both the visual and
et al PA auditory components of the DVD.
Morris 2017 RH FidSt adherence to the NIH- 1) study design, (2) facilitator training, (3) intervention
on, et training protocol, all BCC delivery, (4) intervention receipt, and (5) intervention
al intervention sessions enactment.

were audiotaped.
Samples from the
audiotaped
intervention sessions
were reviewed by
one of the principal
investigators, who
had developed a
fidelity checklist to
monitor intervention
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adherence. Facilitator
trainers did in vivo
observation of at
least one session per
facilitator.

Morse, 2017 PA FS Fidelity Checklist NR NR
et al RCT?
Mosen 2019 PT RCT Analysed study notes | Carrol “Bottom-line measure of fidelity within this framework is
g, PA and self-reported the evaluation of adherence. Adherence should be
Dagfinr questionnaire data. addressed through the subcategories content and dose.
ud, To evaluate adherence in the SAMBA study, six core
Psterds components representing content and dose of the
implementation strategy were classified as either “high
adherence”, “partly adherence” or “low adherence” The
components were: 1) Proportion GPs and PTs attending
the workshops; 2) PT knowledge and attitudes after the
workshop towards eight statements on evidence-based
OA treatment; 3) Number of times the PT adjusted their
patients' exercise programs; 4) Proportion of patients
who received physiotherapy; 5) Proportion of patients
who completed the patient education and exercise period
and 6) Proportion of patients who exercised according to
dose recommendations from ACSM.”
Murph 2011 oT PTCL standardized NIH- Fidelity of Treatment Delivery: intervention groups are
y, et al modules for the BCC equivalent in dose and administration of treatment.
intervention and OT And fidelity of treatment receipt: participant involvement
and treatment in treatment.
receipt
Murph 2008 oT PILOT NR NR NR
y, et al
Cites “Controlling for treatment time is considered necessary
Bellg for treatment fidelity in intervention studies”
Murray | 2015 PT RCT Mentions importance | NR NR
,etal of fidelity, and
2019 implementing the
Murray communication
etal strategies more
closely to protocol.
Mustia 2017 PA SR/MA Treatment fidelity NR NR
n, et al Onco protocol as a
variable.
Namasi 2018 SLP PILOT Providing therapy NR NR
vayam, cues are crucial for Cites
et al monitoring Hinkley | Adherence to Rx protocol described.
treatment delivery Borrelli
fidelity
Naylor, 2006 PA FS/PP assessed fidelity by NR NR
et al comparing actual to
prescribed amount of
physical activity fidelity to the model
delivered, actual
versus potential
number of weeks
logged and by
examining the
planned and
implemented
activities coded
across the six zones
Neel, et | 2019 RH PTCL highly manualized NR NR
al PT RCT protocol is monitored
oT and 10% of videos Cites checklist of critical elements and adherence to protocol
NR reviewed by an Borrelli | described.

independent
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reviewer. Standard
care is also
monitored using
nursing logs in both
groups. randomly
sampled fidelity of
treatment (FOT)
measures will be
collected. checklist of
critical elements,

self-scored.
Nielsen | 2014 PT Qs Comprehensive
,etal training and
mentoring by
psychologists.
Intervention Training
workshop.
Noble, 2018 LI FidSt Checklist, process NR Fidelity includes exposure, adherence to content and
et al evaluation Cites quality of delivery
Dane
Norris, 2015 (NIH) The US National Institute of Health (NIH) model of fidelity
et al model
O’Neal 2018 PR FS Fidelity of the PAI Borrelli
etal was assessed using
the checklist
published by Borrelli
O’Shea, | 2016 PT ScR n/a Bellg(NI | (1) design of study, (2) training providers (3) delivery of
etal BChge H-BCC) treatment (4) receipt of treatment (5) enactment of
treatment skills
Ownsw | 2013 CR PTCL monitored using a Borrelli NR
orth et ML RCT checklist based on
al Borelli’s framework.
Sessions will be
audiotaped to enable
therapists’ adherence
to the treatment
protocol to be
examined for a
random sample
(20%) of sessions by
experts who are
independent of the
study
Ownsw | 2017 oT RCT Therapist adherence Borrelli Delivering core components of intervention according to
orth, et RH to the treatment the manualized
al protocol was treatment protocol
examined
for a random sample
(15%) of audiotaped
sessions 1 to
8 for each
intervention using a
checklist based on
Borelli’s
framework.
Ownsw | 2013 oT PTCL Therapist adherence Borrelli Delivering core components of intervention according to
orth, et RH RCT to the treatment the manualized
al protocol examined treatment protocol

for a random sample
(15%) of audiotaped
sessions 1 to

8 for each
intervention using a

410




checklist based on
Borelli’s
framework.

Palmer, | 2015 SLP PTCL checklist guiding SLP NR NR
etal RCT selection of exercises
based on the
participant language
profile identified
during assessment.
Palsola 2020 PA FidStd Semi-structured Bellg/ Fidelity refers to the methodological strategies used to
etal, interviews of NIH- monitor and enhance the reliability and validity of
2020 providers and BCC behavioural interventions (Bellg et al,2004). However,
participants- interventions can be delivered with perfect fidelity, but
analysed with not work as
thematic analysis intended if participants do not accept and engage with
them.
Receipt refers to the participant side of fidelity, that is,
comprehension of intervention and performance of the
cognitive and behavioural skills taught in the intervention
(Bellg et al, 2004)
Pastva 2018 PT FidSt NIH- 1. Ensuring the intervention dose is consistent across
et al RH RCT BCC participants: Ensure that dose is adequately described
and is the same for each participant within each condition
and contamination across conditions must be minimized.
2 standardizing interventionist training. Ensure that
training is conducted similarly across interventionists and
maximize acquisition and maintenance of skills and to
limit deviation from the standardized procedures over
time.
3) monitoring intervention delivery. Ensure that
intervention is being delivered as intended. Monitoring of
intervention delivery involves assessment of intervention
competency (did interventionists maintain the skill set
learned in training), intervention differentiation (did the
interventionists only deliver the target treatment and not
other treatments), and intervention adherence (were
intervention components delivered as intended).
4) evaluating participants’ understanding of information
provided. Ensure participant comprehends information to
attend to and perform study-related skills. This particular
aspect focuses on the participant’s receipt of the study
information, which is demonstrated by his/her ability to
attend to and perform the physical rehabilitation
exercises.
5) ensuring that participants use the skills taught in the
intervention. Ensure the participant actually uses the skills
provided in the intervention in appropriate life settings.
Patters | 2018 SLP Prosp. content and NR fidelity were measured by assessing whether the
on, et single treatment plans, intervention could be delivered as planned, by a SLT with
al cohort recorded in patients’ CBT training
notes were evaluated
by a CBT expert
practitioner
as part of supervision
Pennin 2019 SLP PILOT Video recordings of NR NR
gton, et RCT 31 Skype dysarthria
al therapy sessions adherence to the treatment protocol
(19%) were checked
for treatment fidelity.
Persch 2013 oT PP manual of NR investigators should concern themselves with facets of

procedures (MOP;
operating procedures
for the study and for
training personnel in

treatment fidelity related to study design and the training
of personnel. Fidelity practices related to study design
help investigators discern whether the study will
adequately achieve the aims and test the hypotheses that
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the administration of
outcome measures
and interventions.
Video Rx and
regularly scheduled
checks of both our
outcome assessors
and our intervention
therapists

have been set forth. Fidelity in training refers to the
extent to which the outcome measures and treatment are
administered in accord with the MOP. Thus, a team that
has multiple protocol violations would be said to have low
training fidelity, which would increase variability with
which the protocol is administered.

Peters, 2018 HP CRCT Process evaluation NR NR
et al Fidelity gets heading but outcome not really described
with data
Pfeiffer | 2011 oT PILOT Accordance with NR NR
,etal Parham SI Fidelity
Measure
Poltaws | 2014 RH PP n/a NHBCC | Study design Describing key ARNI elements and principles
ki, et al (A, B, C)
Ensuring intervention meets current best practice
guidelines (C, D)
Developing intervention manual (A, B, C, D, F)
Identify appropriate assessment methods and outcome
measures (A, E)
Identity process measures that might influence fidelity (A,
B)
Provider training Identifying key elements of provider
training regarding ARNI (B, C)
Identifying key elements of provider briefing regarding
conduct of trial (A, C)
Developing trainer materials, quality standards and
minimum experience levels (A, B, C, D)
Treatment delivery Distinguish core and flexible
components of intervention (A, B, C)
Identifying necessary resources to deliver intervention (A,
B)
Developing fidelity assessment instruments (A, F)
Identifying threats to fidelity and possible strategies to
mitigate (A,B,F)
Treatment receipt Developing study participant
information materials (A, C, E)
Identifying strategies to promote participant engagement
(A E)
Developing fidelity assessment instruments (A, B, F)
Treatment enactment Developing participant information
materials (A, E)
Identify factors influencing adherence and ongoing
engagement in intervention (A, B, E)
Developing fidelity assessment instruments (A, B, F)
Poltaws | 2013 PA CS participant NR NR
ki, et al RH FS interviews, audit of
participant and EP
records, and
observation of
training.
Pozehl, | 2010 CR CT Bellg Intervention fidelity strategies were based on the
et al PA recommendations of Bellg et al The theoretic basis for

specific intervention strategies was an important first step
in assuring fidelity. Every participant in the treatment
group received the same number of group sessions that
were equal in frequency and length. The principal
investigator led the group sessions for the treatment and
control groups using a protocol developed from the Heart
Failure Society of America's educational modules.26 The
exercise training protocol was guided by a physical
therapist in a cardiac rehabilitation setting during the first
3 weeks of the study. The principal investigator taught
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resistance training during the first 3 weeks of the study

using detailed pictures and guidelines. Receipt of the
treatment was assessed during each group session
through questioning and verification of participant
understanding. The principal investigator or physical

therapist observed enactment of skills on a regular basis
during the first 3 weeks of the study and every 4 weeks

during the remaining 9 weeks.

Pyatak,
et al

2017

oT
LI

PILOT
RCT

therapists document
their adherence to
the intervention
protocol in treatment
notes for each
intervention session.
Second,
approximately 10% of
sessions are
observed by another
therapist trained in
the intervention, who
completes a fidelity
checklist and
provides feedback to
the treating
therapist. Finally,
weekly meetings are
held with the full
intervention team to
facilitate problem-
solving and prevent
intervention drift.

NR

NR

intervention adherence, protocol deviations

Quinn,
et al

2016

PT
PA

RCT

combination of self-
report checklists,
independent analysis
of audio-recordings,
and a self-
assessment
completed by the
intervention coaches.

NR
(Social
ground
ed
theory?

)

Reddin
gton, et
al

2017

PT

PTCL
MMS

Implementation
fidelity testing will be
carried out in

order to assess the
treating clinicians are
delivering what

is intended by the
protocol. An
independent assessor
will review video
footage of
physiotherapist and
participant session in
order to assess
implementation
fidelity.

MRC
NIH-
BCC

treating clinicians are delivering what
is intended by the protocol

Reeves,
et al

2017

PT
ExPhy

Pilot
RCT

in-person training of
the study
interventionists.
Ongoing oversite of
study rehabilitation
sessions. Bi-weekly
intervention
teleconferences
among all site
intervention leaders
and interventionists

NR

NR
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provide continued
monitoring and
guidance.

Resnick | 2011 RH FidSt quantification of the NIH- when designing a study so as to maximize treatment
,etal EP PP sessions attended BCC fidelity, three issues need to be considered: treatment
and activities that Monch delivery, receipt, and enactment. Delivery focuses on
occurred within er assuring that the intervention was delivered as proposed
those sessions. to all participants. Receipt addresses whether the
delivery of the participant understood the intervention, learned new
intervention was information, and can perform a new behaviour and
qualitatively therefore expands beyond just exposure or delivery of the
evaluated based on intervention to the individual. Enactment seeks to assure
20-random that the intervention is performed in real world settings.
observations using a Treatment fidelity for an intervention should also be
checklist that evaluated with regard to study design and training of
included both control interventionists. Treatment fidelity related to design
and treatment group considers adherence to group assignment and explores
interventions the degree to which the theoretical framework on which
the intervention was developed is maintained. Design:
Adherence to the underlying theory related to exercise
and prior work testing similar interventions. Assurance
that treatment group was exposed to the treatment
intervention and control group exposed to the control
intervention and that there was no carryover between
groups. Treatment fidelity related to the training of
interventionists assures that those implementing the
intervention were adequately prepared to do so and
implemented all aspects of the treatment as intended.
Rich, et | 2017 PA ImpSt qualitative and NR fidelity (quantity & quality of intervention delivered)
al quantitative
measures tracked
over time by peer
health coaches with
tracking tablet to
assesses and
maintain the quantity
and fidelity of the
program delivered.
Interviews.
Robbin 2016 PA FidStd Process evaluation, Measurement of “fidelity”, which can also be
s, et al survey to reflect accomplished via survey, assists in determining the extent
extent to which to which the intervention is consistent with the
intervention reflects conceptual framework on which it is based. extent to
conceptual which intervention reflects conceptual framework (DOSE
framework NOT PART OF FIDELITY HERE). Fidelity: theoretical
integrity
Robins 2021 Surg SR Evaluates reporting NR Intervention adherence reporting evaluated in the
on et al of intervention systematic review, but not defined and no theoretical
adherence in surgical model/framework cited.
trials.
Roberts | 2018 RH Prev Process evaluation NR NR
,etal Rando
mised Measurement of intervention fidelity: completion of
FS workbook tasks, completion of diaries and number and

content of therapy sessions.

Delivery/ delivery to individuals. What rehabilitation
intervention is delivered? Is it what was intended by the
researchers? What intervention is delivered to each
participant? Is the delivered intervention the one
intended by the researchers?

Theory: What theory has been used to develop the
intervention?

Context: What is the wider context in which the feasibility
study is conducted?
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Response of rehabilitation teams/patients? How is the
enhanced intervention adopted by the rehabilitation
teams? How do the patient participants respond?

Robins, | 2019 PA PP Manual, provider NIH- 1) treatment design, (2) training providers, (3) delivery of
etal LI/HP CTrial training, multimedia BCC treatment, (4) receipt of treatment, and (5) enactment of
materials. treatment skills. design should ensure that the study
Observation of Rx hypotheses are tested in relation to both underlying
and post-Rx theory and clinical processes. Provider training is focused
interviews. on assessing and optimizing training processes for
intervention delivery. Ensuring fidelity through treatment
delivery is focused on processes that ensure the
treatment is delivered as designed and focus on
standardizing and improving delivery as well as assessing
adherence. Processes of treatment receipt involve
monitoring and optimizing participant understanding and
performance of intervention skills during treatment
delivery. treatment enactment focus on ensuring that
cognitive and behavioural intervention elements are
applied in relevant daily life situations.
Rodger | 2017 RH PTCL TIDIER items 10-12 NR How well (planned)? ‘If intervention adherence or fidelity
s, et al RCT Data from robot was assessed, describe how and by whom, and if any
software and training strategies were used to maintain or improve fidelity,
sessions are describe them. How well (actual)? ‘If intervention
periodically reviewed adherence or fidelity was assessed, describe the extent to
to monitor which the intervention was delivered as planned’
intervention
adherence and
feedback is provided
to therapy staff
delivering the
intervention
Ryanet | 2016 PT PTCL Fidelity of the NR NR
al RCT resistance training Fidelity of the resistance training programme to trial
programme to trial protocol.
protocol will be
quantified by
observations of
exercise sessions.
Semi-structured
interviews. Process
eval.
Salamh 2019 PT SR/MA Modified NIH-BCC Borrelli “Iltem 1: Was information about the treatment dose in the
,etal PA checklist to create (NIH- intervention condition provided?
customized fidelity BCC) Item 2: Was information about the treatment dose in the

Checklist for the
systematic
review/Meta-
Analysis.

control or comparison condition provided? Item 3: If
more than 1 intervention was described, were they all
described equally well?

Item 4: Were methods used to ensure the dose was
equivalent between conditions?

Item 5: Were methods used to ensure the dose was
equivalent within a condition?

Item 6: Were characteristics to be sought and avoided by
the treatment provider addressed a priori, and was some
mention made of credentials? Item 7: Was there a
mention of a theoretical model or clinical guidelines on
which the intervention was based?

Item 8: Did the authors indicate how providers were
trained? Did the authors indicate that provider training
was standardized? Item 9: Was there a method to ensure
that the content of the intervention was being delivered
as specified?

Item 10: Was there a method to ensure that the dose of
the intervention was being delivered as specified?

Item 13: Were nonspecific treatment effects evaluated?”
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Salamh 2015 PT SR/MA Modified NIH-BCC Borrelli “Iltem 1: Was information about the treatment dose in the
,etal checklist to create (NIH- intervention condition provided?
customized fidelity BCC) Item 2: Was information about the treatment dose in the
Checklist for the control or comparison condition provided? Item 3: If
systematic more than 1 intervention was described, were they all
review/Meta- described equally well?
Analysis. Item 4: Were methods used to ensure the dose was
equivalent between conditions?
Item 5: Were methods used to ensure the dose was
equivalent within a condition?
Item 6: Were characteristics to be sought and avoided by
the treatment provider addressed a priori, and was some
mention made of credentials? Item 7: Was there a
mention of a theoretical model or clinical guidelines on
which the intervention was based?
Item 8: Did the authors indicate how providers were
trained? Did the authors indicate that provider training
was standardized? Item 9: Was there a method to ensure
that the content of the intervention was being delivered
as specified?
Item 10: Was there a method to ensure that the dose of
the intervention was being delivered as specified?
Item 13: Were nonspecific treatment effects evaluated?”
Salmoir | 2017 PA uct sessions were video NIH- Not reported.
ago CR recorded, and the BCC
Blotche study auditor
r reviewed 10% of
videos for protocol
consistency using a
checklist developed
for the study.
Sandbo | 2010 PT FidSt PT training in NR Treatment integrity includes three components:
rgh,et intervention and how adherence, competence, and differentiation).
al to adapt/tailor. Rx Cites Adherence is the degree to which the therapist
components were Pereple | conducted
Part | operationalized tchikov | treatment in adherence with the treatment
and in accordance with a manual; overall and for treatment components.
Part 1l the treatment Competence
manual. Integrity refers to the therapists’ level of skill when
checklist developed delivering the treatment. The therapists’ degree
for study: of competence could account for a potentially large
documentation, degree of variance not explained by the treatment
treatment itself and may vary from patient to patient and
components depend on many extraneous factors. Differentiation
categorized as refers to whether treatments in an intervention
present or not. differ from each other in the intended manner
Treatment and is closely related to therapist treatment
documents adherence, i.e. that treatments are distinctly different
reviewed/ from one another and do not overlap.
evaluated by second
author not involved
in training of
PTs, or in supervision
intervention phase.
Schaaf, 2012 oT FidSt Manualisation of the NR NR
etal intervention and
examination of the Cites fidelity to the manualized intervention.
treatment manual’s Bellg

adherence to fidelity
Random sampling of
20% of the
videotapes of the
treatment sessions
were rated for
therapist’s fidelity
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with sensory fidelity
checklist.

Schaaf, 2014 oT RCT Manualisation of the NR NR
etal intervention and
examination of the Cites fidelity to the manualized intervention.
treatment manual’s Bellg
adherence to fidelity
Random sampling of
20% of the
videotapes of the
treatment sessions
were rated for
therapist’s fidelity
with sensory fidelity
checklist.
Schepe | 2012 oT RCT OT protocol training NIH- NR
ns, et al PA module with the BCC
Pl/written session
reports regular
check-in phone
meetings with PI.
Scott, 2018 PA FS Three 10-min NR Treatment fidelity was assessed, including compliance to
et al segments were intervention delivery. protocol deviations. Assessing
analysed from fidelity of intervention delivery can optimize intervention
separate audio-tapes effectiveness by identifying and correcting protocol
by an independent deviations early and help sustain practitioner’s skills
coder using
checklist/tool.
Provider training
before RX to ensure
competence/delivery
Sharma | 2019 cP RCT NR NR Not eligible- fidelity not assessed, though in protocol
,etal
Shivon 2013 Surg RCT All procedures were NR NR
en, et standardized and
al recorded on video Adherence to study protocol.
Shrubs 2018 SLP Pilot Intervention delivery MRC Checklist has “core information about each intervention
ole, et cRCT checklist (self- guidanc | session (such as date, duration and number of
al reported) eon participants) and the extent to which the components of
feasibili | each intervention was delivered as planned (e.g.,
ty. PowerPoint presentation, video of person with aphasia)”
(see Appendix D for details)
Silveira, | 2019 PA FidSt Fidelity monitoring NIH- Study design: focuses on practices that ensure study
et al RH PTCL according to NIH-BCC | BCC procedures and implementation are in line with current

guidance.

theory and clinical processes. Study design fidelity goals
include ensuring that conditions are congruent with
relevant theory and practice, ensuring equivalent
treatment dose within and across conditions, and
planning for implementation setbacks.

Provider training: address preparation for uniform
delivery of treatment.

delivery of treatment: focuses on ensuring the
intervention is delivered as intended. Many of the
concerns within delivery of treatment overlap with
strategies for training and study design, including
controlling for provider differences and adhering to
created protocols; however, this area further addresses
differences within treatment conditions and minimizes
contamination receipt of treatment: involves strategies
and monitoring of a participant’s ability to understand
and adopt treatment-related behavioural skills and
cognitive strategies.

enactment of treatment: strategies aimed at monitoring
and improving participant ability to perform treatment-
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related behavioural skills and cognitive strategies in
relevant real-world settings.

Skidmo | 2014 RH PS All research NR We examined two facets of fidelity: 1) treatment
re, et al Stroke PE intervention sessions integrity, and 2) treatment differentiation. To address
were videotaped and Cites treatment integrity, independent raters trained in the
rated for fidelity to Hildebr | respective protocols assessed adherence to specified
the respective and principles in each protocol (yes, no), and competence in
manualized execution (inadequate, adequate, exceptional). To
procedures with address treatment differentiation between the two
validated, tailored protocols, raters assessed adherence of both research
fidelity checklist. interventions to the strategy training protocol to
determine the degree to which the strategy training
sessions adhered to the planned protocol, and the degree
to which the attention control sessions did not include
elements of the strategy training protocol.
Skolask | 2013 PT CT Audio recordings are NR NR
y, et al made for all
telephone calls with Fidelity not defined or reported.
all
participants to assess
the fidelity of the
intervention with Ml
tool/checklist.
ongoing monitoring
of intervention
integrity. Monthly
booster sessions.
Smith, 2019 PT FS analysis of PTs clinical | NR NR
et al PA MMS notes against a three-
point checklist Fidelity was defined as adherent and competent delivery
outlining important of the intervention,
details and
components of
intervention to be
completed by the PT.
The three-point
checklist included:
specific pain
education; delivery of
a loaded exercise
programme; and
discussion on self-
management
strategies,
Soderlu | 2009 PT PTCL, detailed treatment Bellg To ensure the same treatment within condition a detailed
nd, et Pain RCT manual and a treatment manual and a treatment protocol/ checklist is
al treatment protocol/ used for each patient separately manual has also been

checklist manual has
also been developed
to guarantee that the
treatment will be
unchanged during
the course of the
study.

developed to guarantee that the treatment will be
unchanged during the course of the study. Both IT-based
and Face-to-face-based interventions are going to have
equal number of treatment sessions/phases to ensure
equivalent dose across conditions. 4. One therapist will
deliver both group treatments to ensure standardized
trained therapist and to minimize contamination between
conditions.

5. Patients can e-mail their questions in IT-group to the
therapist. These questions, we believe, will mirror
patient's understanding of the treatment. Also, often
asked questions and answers will be on the IT-group's
home page for all patients in this group to read.6. By
asking so called consumer questions, we are recording
patients' beliefs and expectations about the intervention
and also, if the expectations are fulfilled.7. To ensure that
the patients are able to use cognitive and behavioural
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skills we are applying home exercises in daily activities.
These are reported in a diary and always dis- cussed with
the patient.8. To ensure that the behavioural components
are not given to the standard care-group in the acute
stage the therapist follows a strict manual only dealing
with physical symptoms and advice given for all patients
at the initial visit. 9. The number of intervention contacts
(e-mail contacts and Face-to-face group meetings) is
reported.

Sosnow | 2018 RH RCT retrospective NR Successful adherence to the protocol
ski et al FS recording of care was defined as the administration of the entire prescribed
dataona ABCDE bundle on at least 80% of ventilated days.
case report form.
Sprows | 2014 Surg PTCL n/a: only effect of NR NR
on, et RCT options for
al randomization on RX
fidelity discussed.
Stephe 2018 Surg PE 37-item, online design of the intervention and the operational elements
ns, et al cRCT questionnaire, required for effective delivery. design (or programme)
administered at the level and the hospital (operational) level. At the design
end of the study level, adaptability is often essential in ensuring that
period. Sample of quality improvement interventions can fit within different
interviews audio contexts. fidelity to key parts of an intervention is also
recorded, and field important to maximise likelihood of success
notes recorded in a
diary at the time of
observation, or
immediately
afterwards.
Stephe 2018 PS RCT routine Ql Carroll NR
ns, et al programme activity
data (records of Refere
meeting attendance nced Adaptation/fidelity results discussed.
and use of the web- but NR
based resource) data
from an
exit questionnaire
sent to all Ql leads
and ethnographic
data. The 37-item,
online questionnaire,
administered
at the end of the
study period.
Stevens | 2007 RH PP To ensure NIH- The goal was to achieve a match between the written
,etal PT ImpSt consistency and BCC protocol of the intervention and the research staff’s
oT accuracy in the Tl actual
SLP delivery of the delivery of the treatment. Treatment Implementation (TI)
workshop, we framework: ability to deliver the intervention according
developed to a specific and predefined protocol and that participants
information perceive and understand the treatment as intended.
feedback, individual Participants’ ability
consultations, and to enact the skills or behaviours outside the intervention
detailed outlines of or training setting.
all intervention
components and
established a timeline
to ensure timely
delivery of all
intervention
activities.
Strasse | 2008 RH cRCT To ensure NIH- The goal was to achieve a match between the written
r, et al PT consistency and BCC protocol of the intervention and the research staff’s
oT accuracy in the Tl actual
SLP delivery of the
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(follow

workshop, we

delivery of the treatment. Treatment Implementation (TI)

s developed framework: ability to deliver the intervention according
Stevens information to a specific and predefined protocol and that participants
,etal) feedback, individual perceive and understand the treatment as intended.
consultations, and Participants’ ability
detailed outlines of to enact the skills or behaviours outside the intervention
all intervention or training setting.
components and
established a timeline
to ensure timely
delivery of all
intervention
activities.
Stuart, 2009 PT FS PT observation of Fidelity: exercise protocols are being followed.
etal classes to ensure
adherence.
Sturken | 2013 oT FS analysis of protocol NR NR
boom, RCT adherence. Assessors
et al used an assessment adherence to the protocol and actual treatment delivery
log to register (process, content, and time)
duration of the visit,
adherence to the
assessment protocol
and any irregularities
encountered.
Sturken | 2016 oT PE Process evaluation Gearing | The treatment fidelity: the dose, the protocol process
boom, with analysis of adherence and content of treatment delivered compared
et al protocol adherence. to the protocol. ‘treatment fidelity’, which is defined as
the extent to which the intended intervention was
provided by the therapists.
NOT PART of FIDELITY: Another concept is ‘treatment
enactment’, the extent to which recipients (i.e. patients
and caregivers) apply the interventions in daily life.
Swank, 2003 Surg RCT Surgeons were NR NR
et al allowed to apply their
own techniques Adherence to protocol.
within limitations of
the protocol.
Procedures and
adhesion
assessments were
recorded on video,
and outcomes were
reviewed by two
surgeons.
Tang, 2018 PA SR n/a Carrol, Carroll: Conceptual Framework for Implementation
et al Frank Fidelity:
Tomila Adherence: Content, coverage, frequency, duration.
and Moderators: Intervention complexity, Facilitation
Braun Strategies, Quality of delivery, Participant responsiveness.
Identify: essential elements.
Frank: (NIH-BCC) 1. Intervention design, 2. provider
training 3. treatment delivery of 4. receipt of treatment 5.
treatment enactment.
Tomika: Four Step Fidelity Assurance Protocol:
1.Deconstruct program and prepare implementation plan.
2.sponser staff training.3.Monitor using standard
checklists. 4.Track participant outcomes.
Tarrant | 2018 SLP PTCL Session check lists, NR NR
,etal Pilot completed by
RCT facilitators, will For analysis of intervention fidelity and engagement we

capture whether the
main content of the

will use trainer interview data, session checklists
completed by facilitators (that will be part of the
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Intervention Manual
is being delivered,
indicate where
flexibility of delivery
is permitted (in
session
structure/content)
and allow evaluation
of intervention
fidelity. Intervention
fidelity will be
assessed by several
methods: singing
group attendance,
session checklists,
observations, and
video recordings of
selected singing
group sessions in the
programme.
Researchers assess
this.

Intervention Delivery Manual), participant attendance
data, researcher observations and videos of singing
sessions.

Taylor, 2015 RH PTCL process evaluation MRC how well (or otherwise) intervention components are
et al RCT will assess fidelity of delivered and received and will also allow researchers to
intervention delivery. describe variability in fidelity of delivery across patients
A fidelity checklist and facilitators.
developed as part of
the programme will
be used to assess
fidelity of delivery of
the intended
intervention
processes. This will
be achieved by
analysing recordings
of all contacts
(telephone and face
to face) between
intervention
facilitators and 20
purposively sampled
patient participants.
Taylor, 2015 PA FidStd heart rate data Resnick | Intervention fidelity refers to the extent an experimental
et al CR recorded for these manipulation has been implemented as intended in a
participants (n=17; 7 comparable manner to all participants. address session
females) toillustrate attendance and compliance (meeting the prescribed
our fidelity exercise intensity), as this interaction constitutes the dose
assessment method of the intervention and influences the physiological
response to exercise training. to quantify the overall dose
of the intervention, intention to treat fidelity analysis
should include all participants irrespective of their
attendance and compliance. per protocol fidelity analysis
should involve only those participants who attended all of
the
prescribed sessions. Both approaches are informative in a
full exploration of fidelity.
Tew, et 2016 PA SR TIDIER checklist NR NR
al intervention adherence or fidelity
Thakur, | 2012 Surg ER Fidelity to intended NR NR
et al target.
Thoma 2018 SLP ucTt Pl assessed parent NR We can divide the elements of fidelity into perceptual and
s, et al FidST and clinician procedural components. The perceptual component of
treatment fidelity Cites fidelity is evaluated through measurement of reliability of
and reliability of Kadera perceptual judgements of the child’s speech. In contrast,
perceptual vek
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judgements on
randomly selected 10
minutes of the
practice phase of
each clinician-
delivered session,
and 100% of each
parent-delivered
home-based session.

fidelity for procedural aspects of the treatment, such as
giving feedback after a 3—7second delay.

Thomp 2018 PA FidSt Recordings of NIH- Study Design, Provider Training, Treatment Delivery,
son,et LI sessions scored with BCC Treatment Receipt, and Treatment Enactment
al checklist by authors.
Toome 2016 PT FidSt direct observations, NIH- Study design-addresses factors that should be considered
y, et al audio recordings, and | BCC when designing the trial and are intended to enable the
self-report checklists. study to adequately assess its hypotheses in relation to
The direct the underlying theory and mechanisms of action of the
observations were study.
conducted using a Training of providers-aims to ensure and assess that
checklist developed providers are able to deliver the intervention satisfactorily
by the research team and as intended
to assess the fidelity Treatment delivery -relates to processes that assess and
of the delivery of enhance the actual delivery of the intervention so that it
sessions and the is delivered as intended
treatment dose. Treatment receipt- involves using strategies to enhance
and assess participant knowledge and use of intervention
skills and learning during the intervention. It also
considers factors that aim to enhance the acceptability of
the intervention to the participant
Treatment enactment- uses strategies to enhance and
assess their actual practice of the intervention skills and
knowledge in daily life
Toome 2015 PT RP NIH-BCC checklist NIH- Fidelity practices related to Study Design are factors that
y, et al BCC should be considered when designing the trial, and are
intended to enable the study to adequately assess its
hypotheses in relation to the underlying theory and
mechanisms of action of the study (e.g. establishing the
behaviour change theory underpinning the intervention
and outlining proposed methods to assess its
implementation), whilst Training of Providers assesses
and ensures that the providers can deliver the
intervention satisfactorily (e.g. procedures put in place to
train the providers, and also procedures to assess the
effectiveness of this training). The domain of Treatment
Delivery relates to the monitoring of actual intervention
delivery (e.g. direct observation of intervention sessions
to evaluate delivery of the behaviour change theory
techniques) whereas Treatment Receipt and Enactment
both focus on the recipient of the intervention, or the
participant; using strategies to enhance and monitor
participant knowledge and use of intervention skills
during the intervention (Receipt) and using strategies to
enhance and monitor their actual practice of the
intervention skills and knowledge in daily life (Enactment).
Tuntlan | 2015 oT RCT Not adequately NR NR
d, et al RH monitored. Cites
Bellg Treatment fidelity, i.e. if the treatment was delivered as
intended
Tully, 209 PA PILOT Training/support NR NR:
etal RCT manual. structured
observation of Fidelity: Fidelity of delivery and receipt of intervention
PE intervention delivery

by a member of the
research team
responsible for
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mentor training,
semi-structured
interviews and focus
groups with peer
mentors and
participants as part of
the post-intervention
follow-up. audio-
recorded sessions to
assess the content

fidelity of

delivery. Fidelity

checklists.

Tyson, 2015 RH RCT Not assessed Hennes | fidelity to the treatment protocol.

et al PT sey **

van 2010 SLP

Bysterv

eldt

Vaugha | 2014 RH SR Hildenr | This refers to the extent of standardization of the actual

n- PT and intervention, as well as to the details on who provides the

Graha oT intervention including how they are trained and

m, et al supervised throughout the study. Intervention fidelity also
requires that the appropriate background and experience
level of the study therapists is identified and ensured
The ability to operationalize and standardize the
intervention, as well as quantify the level of skill of the
therapist, supervise and evaluate adherence of the
intervention
The degree to which a therapist implements an
intervention under research conditions (treatment
fidelity) is dependent upon the extent and
operationalization of the intervention and skill level of the
therapist.
level of training, skill, or evaluation of adherence of the
therapists

Volkme | 2018 SLP PTCL Video/audio NR NR

r, et al RCT recording

assessment, measures of fidelity will demonstrate the consistency with

recording of sessions which the intervention in delivered.

and analysis of

random selection an assessment of treatment fidelity to determine

with treatment necessary levels of SLT training,

adherence checklist.

Ind.Raters fidelity measures (video recordings, local collaborator
adherence questionnaire, and participant feedback
questionnaires)

von 2015 LI FidSt Fidelity checklist CFIF Conceptual Framework for Implementation Fidelity. three

Thiele PP from adapted CFIF aspects of fidelity

Schwar in the framework (content, coverage, and dose) were

z, etal complemented with a fourth aspect, namely timeliness:
i.e. if the intervention is carried out at the right time.
fidelity involves assessing adherence, including its
subcategories - content, frequency, duration (dose), and
coverage. Thus, adherence relates
to whether participants have received the active
components of the intervention as often and for as long
as initially planned. It also relates to whether all the
individuals who should be participating or receiving the
benefits of an intervention are reached.

Vrance 2019 Pain PS Adherence checklist NR NR

anu, et FS

al

Walker, | 2016 RH FS ‘train the trainer’ NR strict protocol compliance

et al LI/HP RCT manual, regular
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supervision, and
checklist monitoring.

Wang,
et al

2014

PT

PILOT
RCT

PT monitoring of
exercise performance
and training intensity
to ensure the
treatment fidelity

NR

NR

Fidelity not defined or reported.

Watling
,etal

2007

oT

SST

rated videotapes

of random selection
of sessions (21%)
with Sl tool.

NR

NR

Watson
,etal

2017

PA

SR

Wells,
et al

2016

RH
SLP

PTCL

Manual

NR

NR

Wenbo
rn, et al

2016

oT

PTCL
RCT

audio record COTiD-
UK sessions and
transcribe a sample
to monitor the
occupational
therapists’ adherence
to the intervention,
using a checklist
derived from the
original study.

NIH-
BCC

programme adheres to the intervention manual cover five
domains: study design, provider training, intervention
delivery, intervention receipt, and intervention
enactment

Wesso
n, et al

2013

PT
oT

FS
Pilot
RCT

Adherence to the
intervention protocol
was recorded using
field notes during
each visit and
included comments
regarding
acceptability of study
components —
whether participants
were engaged in the
exercise and/or
home safety
interventions.

NR

Adherence to the intervention protocol.

acceptability of study components — whether participants
were engaged in the exercise and/or home safety
interventions.

Westla
nd et al

2017

PA
LI

PTCL
cRCT

nurses allocated to
the study arm will
randomly audiotape
one consultation
from among the four
consultations. The
audiotapes will be
coded using a coding
list developed
specifically for this
study, consisting of
the content of each
of the four
consultations and the
Behaviour Change
Counselling Index

NR

Cites
Bellg

NR

Weston
,etal

2017

PA
CR
Surg

ucTt

detailed evaluation of
the exercise sessions

Resnick

Intervention fidelity refers to the extent an experimental
manipulation has been implemented as intended in a
comparable manner to all participants. address session
attendance and compliance (meeting the prescribed
exercise intensity), as this interaction constitutes the dose
of the intervention and influences the physiological
response to exercise training. An assessment of fidelity
permits an
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Understanding of whether the exercise was performed at
the Prescribed intensities, at all study sites and
throughout all phases of the study.

White, 2019 PR FS Face to face, phone, NIH- NR
et al CRCT smart phone BCC
recordings
transcribed verbatim
to facilitate
assessment of
intervention fidelity.
Whitne | 2013 oT NR n/a Gearing | Intervention fidelity examines the extent to which the
y, et al intervention is delivered as it was intended. Describing
the specific intervention protocol, which might be in the
form of a manual, is the first step toward being able to
achieve fidelity in adherence to the protocol
Wilbur, | 2016 PA FidSt Breitenstein’s Fidelity | NIH- fidelity delivery, receipt, and enactment. study design
et al Checklist and fidelity BCC assures that treatment effects are not confounded with
manual. digital audio extraneous differences between the treatment and
recording control condition. Treatment fidelity related to training
assessment, of interventionists assures that interventionists are
Enactment was satisfactorily trained to deliver the intervention to the
measured by participants. Treatment fidelity related to delivery of
assessing treatment considers that the interventionist delivers the
participants’ intervention as intended. Treatment fidelity of receipt of
self-monitoring of treatment focuses on exposure of the participant to the
their lifestyle PA intervention and their ability to understand the skills and
prescription perform the treatment-related behaviour skills during
treatment delivery. enactment is how well the participant
can apply the treatment-related behaviour skills.
William | 2018 PT RCT structured record of NR Adherence with the intervention (attendance and the
son, et the interventions participants’ engagement with the programme rated by
al (treatment Cites the physiotherapist).
log is completed by Bellg
the physiotherapists
and used to
monitor fidelity.
William 2015 PA cRCT SEE FRENCH 2011 Bellg SEE FRENCH 2011
s, etal
Wilson, | 2009 PA PE Evaluation against essenti Fidelity: fidelity and dose (completeness) of
et al essential elements al implementation. essential elements informed the
framework. data elemen | development of dose (completeness) and fidelity.
collected by a ts essential elements framework that defined dose and
trained, independent framew | fidelity or "complete and acceptable delivery" of the ACT
process evaluator ork, intervention. 1) Fidelity (for PA and behavioural skills
using systematic components)- To what extent was the social environment
observation of after- SDT* autonomy supportive? 2) Dose delivered (completeness
school program for all components)-To what extent were all planned
activities, checklist. components of the program provided to program
To assess dose and participants? and 3) Reach-What percentage of the
fidelity, the process possible target group attends each week of the program?
evaluator observed
sessions.
Wilson, | 2010 PA IMPST participants given a Durlak Fidelity: fidelity (degree to which the protocol was
et al manual. ite co- implemented as planned), the extent to which the

ordinator and project
director reports

intervention has been received by the audience.

defining the active ingredients: using theory or past
research to delineate the intervention's active ingredients
in clear operational terms, which should be guided by
beliefs explaining why they should be successful

(ii) using good methods to measure implementation:
developing an accurate and valid system for assessing
implementation. This should include assessing both the
fidelity and dose. DOSE NOT PART OF FIDELITY HERE.

(iii) monitoring implementation: assessing the program's
active ingredients throughout implementation
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(iv) relating implementation to outcomes: using
implementation data to better understand program
effects

Winstei | 2013 oT PTCL Expert reviewer NR NR
n, et al RH RCT assesses the digital
video footage Cites execution of intervention adherence
accompanying Bellg
documentation for
therapist mastery of
each ASAP principle
implemented during
a 1 hrsession.
Ongoing
training/supervision.
Wong, 2019 oT FS Delphi consensus Cross Fidelity’ generally refers to the degree to which a
et al RH *x programme is delivered as intended by its developers.
Hildebr However, simple adherence to the manual
and is only part of the picture; there is an increasing
call for a distinction between adherence and
competencel2,13
in measuring treatment fidelity.
Woolf, 2016 SLP FS fidelity checklist was NR The current study coded individual therapist behaviours
et al gRCT developed, which as compliant/not compliant with the treatment manual.
covered each stage This very stringent procedure showed that there were
of the treatment deviations from the protocol, e.g. because cues
protocol as described prescribed in the manual were omitted or augmented.
in the manual and
recorded any
deviations from it.
Video of Rx.
Independent
assessment.
Wright, | 2019 SURG The proportion of Cites Fidelity: The proportion of management protocol
et al management Schoen | components completed as intended. protocol uptake and
protocol components | wald fidelity. compliance with the protocol (fidelity). important
completed as and to distinguish between non-compliance and purposive
intended will be Cohen adaptations
assessed using a
checklist at the time
of preformed silo Cohen DJ, Crabtree BF, Etz RS, et al: Fidelity versus
application and flexibility: translating evidence-based research into
defect closure. The practice. Am J Prev Med. 2008; 35(5 Suppl): S381-9.
checklist will be Schoenwald SK: It's a Bird, It's A Plane, It's ... Fidelity
completed by the Measurement In the Real World. Clin Psychol (New York).
person undertaking 2011; 18(2): 142-7.
the intervention for
every neonate
included in the study.
A second observer,
who has been trained
in the gastroschisis
management
protocol, will
independently
complete the
checklist for 50% of
the cases.
Yates, 2013 CR FidSt Checklists to assess NIH- study design, training providers, delivery, receipt, and
et al PA PP congruence with BCC enactment of intervention

delivery of the
components of CR,
random
observations. study
manual was created

skills. Design: delivery consistent within and across CR
clinical sites so that a study can adequately test its
hypotheses in relation to the underlying theory and
clinical processes. Training: assessment and ongoing
evaluation of the training of interventionists. Delivery:
intervention is delivered as intended. It refers mainly to
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actions of the interventionist. Receipt: treatment has
been received and understood. Enactment: skills used in
real-life settings as intended. fidelity components of
design, training, and delivery of the intervention were the
most different from fidelity in typical intervention studies.

supervision and
interviews with
therapists.

Yu- 2009 PA RCT Treatment fidelity NR study design, training providers, delivery of treatment,
Yahiro, visits were receipt of
et al performed by 2 treatment, and enactment of treatment skills
investigators on 5
different exercise
trainers.
Trainers were
observed a total of
70 times
Zingma | 2014 oT RCT Participant Borelli/ | Fidelity measured but never defined or described. E.g.,”
rk, et al attendance rate NIH- From our study, the possibility to draw conclusions about
measured, BCC feasibility is limited to attendance rate and

programme fidelity.”

Study design:

CP: Consensus paper

ER: Experimental Results
ImpSt: Implementation Study
PE: Process Evaluation PP:
RCT: Randm. Controlled Trial
UCT: Uncontrolled clinical trial

Field/discipline:

CR: Cardiac rehab

CBT: Cognitive-Behav.Therapy
OT: occupational Therapy

PR: Pulmonary Rehab

Other: “*” Paper may contain more detail. n/a: not applicable

CT: Controlled study (non-randomised)

FidSt: Fidelity study

PS: Pilot Study

PS: post or pre surgical care.

RP: Review paper
QS: Qualitative Study

Complex Interventions

EP: Exercise Physiology/ists
PA: Physical Activity/Exercise
RH: Rehabilitation-mixed

DS: Development study

FS: Feasibility Study

PTCL: protocol

Perspective or methodological paper
SR: Systematic Review

NR: not reported

CRML: Cognitive Rehab-Motor Learning

LI/HP: Lifestyle/General health, health promotion (with physical component)
PT: Physical Therapy

SLP: Speech Therapy
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Participant checklist responses, raw data

Table 3.1

QlFid.Supp Q2Fid.Mon Q3 Fid Rep.

Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 tem 7 Item 8

Study

Partipant

10
11
12
13
14
15
16

CLitem1 CLitem 2 CLitem 3 CLitem4 CLitem 5 CLitem 6 CLitem 7 CLitem 8 Q1 Fid. Supp Q2 Fid. Mon Q3 Fid Rep.

Sudy 2

Partipant

10
11
12
13
14
15
16

Q1lFid.Supp Q2Fid.Mon Q3 Fid Rep.

CLitem1 CLitem 2 CLitem 3 CLitem4 CLitem5 CLitem 6 CLitem 7 CLitem 8

Study

Partipant

10
11
12
13
14
15
16
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Table 3.2 Cronbach alpha: CONSIDER checklist

Anova: Two-Factor Without Replication

SUMMARY Count Sum Average Variance
Row 1 36 57 1.58333333 1.05
Row 2 36 61 1.69444444 0.8468254
Row 3 36 41 1.13888889 1.03730159
Row 4 36 56 1.55555556 1.11111111
Row 5 36 57 1.58333333 1.05
Row 6 36 56 1.55555556 0.88253968
Row 7 36 56 1.55555556 1.11111111
Row 8 36 56 1.55555556 0.9968254
Row 9 36 57 1.58333333 1.05
Row 10 36 57 1.58333333 1.05
Row 11 36 57 1.58333333 1.05
Row 12 36 56 1.55555556 1.05396825
Row 13 36 56 1.55555556 0.9968254
Row 14 36 56 1.55555556 0.9968254
Row 15 36 57 1.58333333 1.05
Column 1 15 15 1 0
Column 2 15 30 2 0
Column 3 15 30 2 0
Column 4 15 15 1 0.14285714
Column 5 15 29 1.93333333 0.06666667
Column 6 15 30 2 Y]
Column 7 15 44 2.93333333 0.06666667
Column 8 15 0 0 [¢]
Column 9 15 43 2.86666667 0.26666667
Column 10 15 30 2 [¢]
Column 11 15 30 2 0
Column 12 15 43 2.86666667 0.26666667
Column 13 15 30 2 0
Column 14 15 27 1.8 0.31428571
Column 15 15 30 2 0
Column 16 15 13 0.86666667 0.12380952
Column 17 15 28 1.86666667 0.12380952
Column 18 15 29 1.93333333 0.06666667
Column 19 15 30 2 0.14285714
Column 20 15 15 1 0.14285714
Column 21 15 38 2.53333333 0.6952381
Column 22 15 30 2 0
Column 23 15 30 2 0
Column 24 15 42 2.8 0.6
Column 25 15 45 3 0
Column 26 15 0 0 9]
Column 27 15 29 1.93333333 0.06666667
Column 28 15 29 1.93333333 0.06666667
Column 29 15 1 0.06666667 0.06666667
Column 30 15 30 2 0
Column 31 15 2 0.13333333 0.26666667
Column 32 15 2 0.13333333 0.26666667
Column 33 15 2 0.13333333 0.26666667
Column 34 15 15 1 0
Column 35 15 0 0 0
Column 36 15 0 0 0
ANOVA

irce of Variat, SS df MS F P-value F crit
Rows 7.08148148 14 0.50582011 5.03915663 7.5761E-09 1.71199382
Columns 487.481481 35 13.9280423 138.756024 5.952E-230 1.44721269
Error 49.1851852 490 0.10037793

Total 543.748148 539 0.8155409
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Figure 4.1 Search strategy: Pubmed

(((("expressive language"[Title/Abstract] OR "receptive language"[Title/Abstract] OR
"articulation"[Title/Abstract]) AND 2015/01/01:3000/12/31[Date - Publication] AND
"humans"[MeSH Terms]) OR (("speech therapy"[Title/Abstract] OR "speech"[Title/Abstract] OR
"aphasia"[Title/Abstract] OR "communication disorders"[Title/Abstract] OR "language
therapy"[Title/Abstract] OR "language disorder"[Title/Abstract] OR "speech
disorder"[Title/Abstract]) AND "humans"[MeSH Terms])) AND "Meta-Analysis"[Title/Abstract]
AND "humans"[MeSH Terms])) OR ("2"[All Fields] AND "speech therapy"[Title/Abstract]) OR
"aphasia"[Title/Abstract] OR "dysphagia"[Title/Abstract] OR "articulation"[Title/Abstract]) AND
(("filter"[All Fields] OR "filter s"[All Fields] OR "filtered"[All Fields] OR "filtering"[All Fields] OR
"filterings"[All Fields] OR "Filters"[All Fields]) AND ("Meta-Analysis"[Publication Type] OR "meta
analysis as topic"[MeSH Terms] OR "Meta-Analysis"[All Fields]) AND ("human s"[All Fields] OR
"humans"[MeSH Terms] OR "humans"[All Fields] OR "human"[All Fields]))) OR ("4"[All Fields] AND
(("exercise therapy"[Title/Abstract] OR "exercise interventions"[Title/Abstract] OR "exercise
treatment"[Title/Abstract]) AND "exercise"[Title/Abstract] AND "Meta-Analysis"[Title/Abstract])
AND ("Filters"[All Fields] AND "Meta-Analysis"[All Fields])) OR (("exercise therapy"[Title/Abstract]
OR "exercise interventions"[Title/Abstract] OR "exercise treatment"[Title/Abstract]) AND
"exercise"[Title/Abstract] AND "Meta-Analysis"[Publication Type]) OR
(("physiotherapy"[Title/Abstract] OR "physical therapy"[Title/Abstract]) AND ("Meta-
Analysis"[Publication Type] AND "humans"[MeSH Terms]))) AND "Meta-Analysis"[Publication
Type] AND ("humans"[MeSH Terms] AND 2010/01/01:2020/06/01[Date - Publication]) AND
(("rct"[All Fields] OR ("clinical trials as topic"[MeSH Terms] OR ("clinical"[All Fields] AND "trials"[All
Fields] AND "topic"[All Fields]) OR "clinical trials as topic"[All Fields] OR "trial"[All Fields] OR "trial
s"[All Fields] OR "trialed"[All Fields] OR "trialing"[All Fields] OR "trials"[All Fields]) OR "randomized
control trial"[All Fields]) AND ("humans"[MeSH Terms] AND 2010/01/01:2020/06/01[Date -
Publication])) AND ("humans"[MeSH Terms] AND 2010/01/01:2020/06/01[Date - Publication])
AND ((("mean"[All Fields] AND ("differ"[All Fields] OR "differed"[All Fields] OR "difference"[All
Fields] OR "differences"[All Fields] OR "differencies"[All Fields] OR "different"[All Fields] OR
"differently"[All Fields] OR "differents"[All Fields] OR "differing"[All Fields] OR "differs"[All Fields]))
OR "standard mean difference"[All Fields]) AND "humans"[MeSH Terms])) AND (humans|Filter])
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Table 4.1: CONSIDER Checklist evaluations of RCTs in included meta-analyses

Meta-analysis: Avery 2012

Item 112(3|4|5|6 7 |8 Fidelity Fidelity Fidelity ROB +/-
Supported? | Monitored? | achieved? Rx Eff?
Balducci 2010a 212122212 0|2 12 yes 2 prov fid pt | 2vyes mod +/ns
adh
Balducci 2010b 211l0[0|2]|0 0|0 5no 0 0 No mod +/ns
Cheung 2009 111110211 201 6 yes 1 Adh 1rx, -2 mod =/ns
control
De Greef 2010 2121211121 0 |1 10 yes 1 adh 1 Adh mod +/s
De Greef 2011 2121212121 0 |1 11 yes 1 adh 1 Adh low +/s
Gram 2010 2121211121 -2 | -2 | 10vyes 1 adh -2 no low =/ns
Kim 2006 212121021 0|0 9 vyes 1 min/adh Onorep mod +/s
Ligtenberg 1995 20211112110 |-1 | 10yes Yes 2 -1 No mod =/ns
Plotnikoff 2010 2121211122 0 | -1 | 11yes 2 ptfid/adh | -1no mod +/ns
Tudor-Locke 2004 21211]0(|2]1 0 | -1 | 8yes 1 ptadh -1 No mod +/s
Notes:
Ligtenberg: Adherence at 97% for initial phase of intervention but only 62% for following phases. -1 for adherence
Plotnikoff 2011: Conference abstract, with no way of accessing a full paper to assess fidelity. Excluded.
Meta-analysis: Bellicha 2018
Item 112(3|4|5|6 |78 Fidelity Fidelity Fidelity ROB +/-
Supported? | Monitored? | achieved? Rx Eff?
Campanha 2017 of1|11|0fl1(0|0O]O 3 no 0 0 No mod +/s
Castelo 2011 O(2 (11012 0 5no 0 0 No mod =/ns
Coen 2015 111 0 5no 2 (1adh, 1 1 adh low =/ns
fid)
Daniels 2017 o(2|1(0]2(0]0]1 5no 0 0 mod +/ns
Hassanejad 2017 211]1]0|0|O0O|O|O]|O 3 no 0 No low +/s
Herring 2017 212121221 1]1 9 yes 1 min/adh 1 adh low +/s
Jassil 2015 2 (212|122 |1]0]|-1 |11yes 1 min/adh -1 no high +/s
Shah 2011 02102 1]0]-1]|5no 0 No mod =/ns
Onofre 2018 o201 21]0]-1 | 6mod 1 min/adh No mod +/ns
Stegen 2011 o210 ]|]2]|0(0]O0 5no 0 No mod =/ns

Notes: -Huck 2015 excluded because was a quasi-experimental study (not RCT).

-Marchesi 2014 excluded also as “a nonrandomized prospective controlled pilot trial on a selected cohort of post-bariatric

patients.”

433




Meta-analysis: Briani 2018

Item 1123 |4|5|6|7 |8 Fidelity Fidelity Fidelity ROB +/-
Monitored? | achieved? Rx Eff?
Supported?
Aglamis 2008 1120 |0|2|0|0 |O 5no 0 No No high +/s
Broderick 2014 n 21212 (22|31 |3 13 yes 3yes 3yes low +/ns
Brosseau 2012 1 (1)1 (1|1 (1]0 |-1|6yes 1 min/adh -1no high -/ns
Buszewicz 2006 n 1/0(0 |0{|212]12]0 |-1 |3n0 1 min/adh -1no low +/ns
Cadmus 2010 1(1(0 ({11200 |-1 |4no 0 No No low +/s
Coleman 2012 n 2 12|11 (2 |2|2]|0 |2 11 yes 2 yes 2 yes low +/ns
Doi 2008 2121112121121 2 11vyes 2 yes 2 yes mod +/s
Ebenezar 2011 1120 |1(21]21]0 1 8 yes 2 ptadh/fid | 1adh low +/s
Hunt 2013 21211 (22|32 |3 12 yes 3 pt/pr 3 ptadh Low +/s
fid/adh and fid,
prov fid
Lee 2009 012 0|1|10]0 |O 3no 0On/a 0On/a low +/ns
Marconcin 2018 2100 |0]|2]0]0|O 4 Onr 0:adh but | high +/s
nr of mon.
Odole 2014 21110 (|12 ]|2]01]0 8 yes 2 ptfid/adh | Onr mod +/s
Rejeski 2002 21211 (2 |2|3]|-21]1 12 yes 3yes 1adh high +/s
Skou 2015 112 112 (21| 0]-11]9yes 1 min/adh -1no low +/s
Thorstensson 2005 21212 |1]2(1]1 1 9 yes 1 min/adh 1 adh low -/ns

Notes:

-Broderick: This is part 2 of a series, with part 1 giving detailed description of the intervention. Scored 1 for intervention details

because can be found there but very little information in the present paper.

-Kao not eligible: quasi-experimental study

-Marconcin 2018: Describes a published protocol to aid adherence but not available and no description of the experimental

intervention details or methods to assess fid/adherence described. They describe adherence as low drop out, but no monitoring.
Figure 6: Ren Lee, etc (not eligible as not comparing a phys. act or exercise based intervention. E.g.: Ren compares two Chinese

medicine herbs. Only included trials comparing phys.act/exercise based interventions with QOL outcome as with fig 5.
Ebenezer: both groups receive active exercise/movement-based treatment, neither blind to treatment. Risk of bias for

participants blinded rated low after consulting literature for blinding in complex intervention trials.

Ackerman-ineligible

Meta-analysis: Cleave 2015

Item 1(2]3 4 |5 |6 |7 8 Fidelity Fidelity Fidelity | ROB +/-
Supported | Monitored | achieve Rx
? d? Eff?
Fey 1993 21211 11212 |0 2 10 yes 2 ptfid/adh | 2vyes Low +/ns
Gallagher 2009 21211 111 2] -2 -1 8 yes 2 fid/adh -1no mod +/s
Robertson 1999 21211 2 21 2|2 2 11 yes 2 prov fid 2 yes high +/ns
Schwartz 1985 1110 0 |2 ]0|O0 0 3no Onoreport | Onr high +/ns
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Smith-Lock 2013 21211 2 2 1210 0 11 yes 2 prov Ono high +/ns
ad/fid report

Tyler 2003 21212 2 |2 3]0 3 13 yes 3yes 3yes mod +/s

Tyler 2011 21212 2 21 3|2 3 13 yes 3yes 3yes high +/s

Item Notes:

-Tyler 2011 a particularly good illustrative example of fidelity promotion, monitoring and scoring in a clinical trial.

Meta-analysis: Depiazzi 2019

Item 1123 4 |5 |6 |7 |8 Fidelity Fidelity Fidelity ROB +/-
Supported? | Monitored? | achieved? Rx
Eff?
Bento 2015 2121 2 0 2|1 0| 1 9 yes 1adh 1adh high +
Broman 2006 21211 0 212|101 2 9yes 2: pt fid 2 yes mod +
21211 2 212|101 2 11 yes 2 yes 2 yes high +
Hamer 1990* fid/adh
2 0 212|010 10 yes 2 yes Ono high +
Michaud 1995 2|2 report
Mohr 2014 21110 0 210100 5no 0no 0no mod +
report
Moreira 2013 21212 0 2 (2|0 |11]10 2: pat 2 yes low +
fid/adh
Rebold 2013 2121 0O 2|1 |01]O 8 yes 2 ptfid Ono mod +
report
Waller 2017 21212 2 2 1312 |3 13 yes 3 3yes mod +
Item Notes:

Waller: extensive details about intervention, fidelity, etc in study protocol. Protocol cited, open access, and described in paper.

Meta-analysis: Finch 2018

Item 1(2|3|4|5|6|7 |8 Fidelity Fidelity Fidelity ROB +/-

Monitored? | achieved? Rx Eff?
Supported?

Alhassan 2007 211]0|0|1|0]0]O 5no 0no 0On/a high =/ns

Alhassan 2013 2121022 |0]0]0O 8 yes 0no 0On/a high =/ns

Alhassan 2012 212|022 ]|3]|0|2 10 yes 2 prov 2 yes high +/s
fid/adh, pt
adh

Anessi 21211022000 8 yes Ono 0On/a mod +/s

Bellows 2013 2 |12 (12|22 |2]|2 10 yes 2 prov 2 yes mod =/ns
adh/fid

Bonvin 2013 1111021 ]0|01]O 5no 0no 0On/a mod =/ns

Cardon 2009 2120|0121 ]|01]0O 5no 1 prov adh Onr mod -/ns

De Bock 2013 21212 (2]|2]|2]|0]|2 12 yes 2 prov 2 yes mod +/s
fid/adh

De Craemer 212|112 |21]2]|0|0 |11lyes 2pt/prov Onorep mod =/ns
fid/adh
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Eliakim 2007 112(0]2]2 0 8 yes 1adh Onorep high +/s

Finch 2014 212|122 0 11 yes 2 prov Ono high =/ns
fid/adh

Fitzgibbon 2010 21211222 1 12 yes 2 prov 1 partial high +/ns
fid/adh

Jones 2011 212121212 1 8 yes 2 prov 2 yes mod =/ns
adh/fid

O’'Dwyer 211121111 0 7 no 0no On/a mod =/ns

Pruder 2011 21211222 2 13 2 prov 3yes mod +/s
adh/fid, pt
adh

Reilly 2006 2 111022 0 8 yes 1 prov fid 0 mod =/ns

Notes:

Meta-Analysis: Hampton 2016

Item 11213 4 |5 8 Fidelity Fidelity Fidelity ROB | +/-

Supported | Monitored | achieved Rx Eff?

? ?

Aldred 2004 11111 0 2 0 5no 0 0 low | +/ns

Carter 2011 21211 2 2 3 12 yes 3yes pt 3yes mod | +/ns
ad/prov fid

Casenhiser 2013 21212 2 2 -1 12 yes 2 yes prov -1no low | +/ns
fid/adh

Dawson 2010 21210 2 2 0 9 vyes 1 prov fid Onr low | +/s

Drew 2002 21211 1 2 0 8 yes Ono Ono mod | =/ns

Goods 2013 11110 1 1 1 6 yes Fid but no n/a: low | +/ns
description | reports
how prov fid

not how

Green 2010 21211 2 2 2 12 yes 3 yes pt 3yes low +/ns
ad/prov fid

Hardan 2014 21212 112 2 11 yes 2 ptfid/adh | 2 vyes low | /ns

Kasari 2008 21212 2 2 2 12 yes 2 yes prov 2 yes low | +/ns
fid/adh

Rogers 2012 2121 2 2 3 12 yes 3yes pt 3yes low =/ns
/prov
fid/ad

Siller 2013 21212 2 2 3 13 yes 3yes pt 3yes low | +/ns
/prov
fid/ad

Solomon 2014 21211 2 2 3 12 yes 3yes pt 3yes low | +/s
/prov
fid/ad

Strain 2011 21211 2 2 2 11 yes 2 ptfid/adh | 2yes low | +/s

Tonge 2012 21211 2 2 2 12 yes 3 yes pt 3yes high | +/ns
ad/prov fid

Venker 2012 21211 2 2 3 12 yes 3 yes pt 3yes high | -/ns
ad/prov fid

Whalen 2010 21212 1 2 0 9 yes 0no 0no mod | +/ns
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Item Notes:

Tonge 2012: No formal measure of participant adherence w intervention but they describe logs and homework and
providers aware of weekly adherence. Did measure participant attendance. Fid strategies and monitoring for providers.

Kasari 2008: See Kasari 2006 for intervention details/fidelity/adh assessments. 2008 reports follow up data for 2006.

Dawson 2010: Describes training and therapists reaching 85% fidelity during training/ongoing fidelity but no report of

their fidelity specifically during the trial.

Meta-Analysis: Heidlage 2020

Item 1 2 3 4 |5 6 7 8 Fidelity Fidelity Fidelity ROB | +/-
Supported? | Monitored? | achieved? Rx
Aldred 2004 1 1 0 1 1 0 0 0 4 no 0no 0no low +/s
Boyce 2010 2 2 2 2 2 3 1 3 13 yes 3yes 3yes mod +/ns
Buschman 2009 | O 1 0 0 1 0 0 0 2 no 0no 0no low +/s
Crane-Thoreson | 2 2 1 2 |1 3 0 2 10 yes 3yes 2 yes high =/ns
1999
Drew 2002 2 0 |1 6 no 0no -1no high =/ns
Fung 2005 2 2 1 1 1 0 0 7 no 0no 0no low +/ns
Giralometto 2 2 2 2 |2 3 1 2 13 yes 3yes 2 yes mod | +/s
1996
Guttentag 2014 | 2 2 2 2 |2 3 1 3* | 13 vyes 3yes 3yes mod | +/ns
Hardan 2015 2 1 1 2 |2 3 2|2 11 yes 3yes 2 yes mod | +/ns
Huebner 2000 2 2 1 2 |1 3 2 3 11 yes 3yes 3yes low +/ns
Lonigan 1998 2 2 1 2 2 3 -1 -1 | 12vyes 2 yes -1no mod +/ns
Pile 2010 2 2 0|2 2 3 0 3 11vyes 3yes 3yes Low =/ns
Roberts 2012 2 2 o* |12 |2 3 0 3 11 yes 3yes 3yes mod | =/ns
Solomon 2014 2 2 2 2 |1 3 2 3 12 yes 3yes 3yes low +/ns

Item Notes:

-The primary outcomes for this MA were used: child receptive and expressive vocabulary.

-Boyce: extensive fidelity measures and scoring used
Guttentag: See supplementary material, appendix B for fidelity.

-Hardan: Intervention group achieved 92% treatment fidelity. Control group did not achieve fidelity, and the control providers’

fidelity not assessed. However, considerable efforts at fidelity monitoring/enhancement intervention group, investigators, and

assessors.

-Lonigan: Very high level of detail about provider training in the interventions.
-Roberts, item 5: Careful documentation of Rx/intervention group frequency but not of control group (“The

amount of these services was not consistently documented by parent report.”) pg. 478

Tannock: unable to access

Meta-analysis: Hislop 2020
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Item 112 3 4 |5 |6 7 |8 Fidelity Fidelity Fidelity ROB | +/-Rx
Supported? | Monitored? | achieved? eff?
Bennell 2014 2 |2 2 212 (11 0|1 12 yes 2 yes 1 adh low =/ns
Chaipinyo 2009 112 1 112 |11 0 | 1,1 | 8yes 2yes (1,1) 2 yes low +/s
Olabegi 2016 0|2 0 0|1 10 0|0 3 no 0no 0no mod +/s
Sing 2016 0|2 1 0210 010 4 no Ono Ono mod +/s
Verma 2010 112 0 0|1 10 0| *0 | 3no 0no 0no mod | +/s
Item Notes:
Ashok: Paper not available
Meta-analysis: Howlett 2019
Item 1 2 |3 4 5 6 |7 |8 Fidelity Fidelity Fidelity ROB | +/-Rx
Supported? | Monitored? | achieved? eff?
Aittasalo 2 2|2 2 2 2 |3 13 yes 3yes 3yes mod | +/S
2012 3
Bickmore 2 2 |1 1 2 1111 9 yes 1 min 1adh mod | NS
2013
Bock 2001 1 2|2 0 2 110 1|0 8 yes 1adh Onorep Mod | +/ns
Belanger 1 2 |1 0 0 010 4 no Ono Ono high | NS
2013 0
Buman 2011 2 1 2 2 013 12 yes 3yes 3yes high | =/NS
2 3
Chen 1998 2 2|2 2 2 2 1|2 12 yes 3yes 3yes high | =/NS
Dallow 2003 2 2 |1 2 1 2 (0|0 10 yes 2: prov fid 0* mod | +/s
Hertogh 2010 | O 210 0 2 110 -1 5no 1 adh -1 adh mod | +/s
Kolt 2006 2 2|2 1 2 0|0 |0 9 vyes Onoreport | O mod | +/s
Lewis 2013 2 212 nfa |1l 11011 8 yes 1 adh 1 adh high | +/s
Napolitano 2 2|2 0 1 110 |1 8 yes 1adh 1adh mod | +/NS
2006
Norton 2011 2 2 11 0 2 210 |1 9 vyes 2:ptadh/fid | 1adh-1fid | mod | +/ns
adh
Odenpacker 2 2 |1 1 2 2 10 |1 10 yes 2: ptadh/fid | 1adhno high | +/ns
2008 adh report fid
Rovniak 2005 | 2 2|2 0 2 31012 11 yes 3yes 2 pt high | +/ns
fid/adh
Van Hoeck 2 111 1 2 0|0 |0 7 yes 0no Onr mod | +/NS
2014
Notes:

Dallow: Provider’s fidelity in PAR interviews monitored and checked but no reported result. Pt adherence with survey/forms low,

but questionable if that is an adherence issue.

Hertogh 2010: follow-up of a sample from a previous RCT. not eligible
Nies 2006: Phys activity was not one of the interventions, but the target of educational/psycho-social Rx. Ineligible/excluded.

VanH Hoek: they report drop-out but not monitoring adherence during trial. Coaches work on motivation/barriers and facilitators

but no description of monitoring adherence.
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Meta-analysis: Kunstler 2018:

Item 1123 4 |5 |6 |7 8 Fidelity Fidelity Fidelity ROB | +/-
Supported | Monitored | achieved Rx

? ? Eff?/stat
Basler 2007 21212 2 {21210 3 12 yes 2 yes 3yes low | =/ns
De Vries 2015 21211 2 1 11]-2 -1 9yes 1 min -1no low +/s
Pisters 2010 2111 2 2 13 22 -1 11vyes 3yes -3no low +/s
Van Nimwegen 0|11 1 1 11|-2 -1 5no 1 min -3no low | +/s
2013
Wisse 2010 0111 1 1 0|0 -1 4 no 0no -1no high | =/ns
Item Notes:
Meta-analysis: Lim 2019
Item 1(2|3(4|5|6]|7 8 Fidelity Fidelity Fidelity ROB +/-

Supported? | Monitored? | achieved? Rx Eff?

Bertz 2015 2121211123 ]1 2 12 yes 3yes 2 yes low +/s
Colleran 2012 2122|123 ]-2]11]|12yes 3yes 1 partial mod +/s
Craigie 2011 1121120 1 8 yes 2 yes 1adh low +/s
Dailey 2015 211121112 ([3]2 3 11 3yes 3yes mod =/ns
Davenport 2011 2121201 ]2]0 1 9 2 yes 1adh mod +/s
deRosset 2013 1({1(1(0(1(|1]|0O0 -1 5no 1 adh -1 no mod =/ns
Dritsa 2009 1(1(2(01(|1]|0 -1 6 yes 1 adh -1 no mod +/s
Fjeldsoe 2010 11221210 -1 | 8yes 1adh -1no High +/s
Holmes 2018 2122|1222 -1 11 yes 2 yes -1no High +/s
Huang 2011 212121121221 1 12 yes 1adh 1adh High +/s
Keller 2014 212111112 ]11]0 -1 9 vyes 1 adh -1 no mod +/ns
Leermakers 1998 212120 ]2]1]0 -1 9 yes 1 adh -1 no High +/s
Lioret 2012 21211102 ]1]0 -1 8 yes 1 adh -1 no High -/ns
Lovelady 2000 2111202 ]21]0 1 9 yes 1,1 pt ad/fid | 1 adh mod +/s
Lovelady 2009 21212021212 2 10 yes 2: pt ad/fid 2 yes High +/ns
Nicklas 2014 212121212 (3]0 2 13 yes 3yes 2 yes Low +/s
Ostbye 2009 2121202 ]11]0 1 9 yes 1adh 1adh mod =/ns
O'Toole 2003 21211211112 1]21]0 1 11 2:1 ptadh, 0adh * +/s

1 pt fid mod
Tripette 2014 21110 1/0(0*]|0 5no 0 0 High +/s
Youngwanichsetha 0|l2|]0]J0]1]0]O0 0 3 no 0 0 +/ns
2013 low
Zilberman 2018 1|{1j0(0f1|0|O 0 3no 0 0 High +/s

Notes:
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Berry 2015: Unable to get full text.

Bertz: secondary analysis of the LEVA trial but reports the fidelity and outcomes of the LEVA trial, so included.
Unable to identify, so excluded.

Husenovic excluded: physical activity was not an intervention in the trial, rather a recommendation.

Keller: authors describe having shown fidelity of the program in other papers but not clear where.

Kernot 2019 and Krummel 2010: Unable to get full texts.

Khodabandeh 2017: No citation in the paper, only data. Excluded.
Lovelady 1995: Data reported but no citation in paper. Excluded.

Maturi 2011: “
McCrory 1999

u

u

Mcintyre: small pilot study with greater focus on feasibility, Excluded.

O'Toole: adherence achieved at first follow-up for experimental group (82%), but 62% for control

Parsa 2017: Doesn’t include PA as a primary intervention. excluded.

Tripette: Retroactively looked for adherence using data from game consoles, but not during intervention, so 0 for fid/adh

monitoring

Wiltheiss 2013: Doesn’t include PA as a primary intervention. excluded.
Zourdalani 2015: Data reported but no citation in paper. Excluded.

Krummel 2010: Unable to access after several attempts. Excluded.

Meta-analysis: McMichan 2018

Item 1123 4 |56 7 8 | Fidelity Fidelity Fidelity ROB | +/-
Supported? | Monitored? | achieved? Rx
Eff?
Cui 2018 21112 1 2 2 0 2 | 10vyes 2 yes 2 yes mod | =/ns
Whittemore 2013 [ 1 |1 |0 2 2111 -2 |3 | 8yes 2 yes 3yes mod | +/s
Ghaffari 2012 11101 0 1 0 -2 0| 4no -2 no no high | +/ns
Schwarzer 2010 11112 0 1 0 0 0| 5no 0no no high | +/ns
Sprujit-Metz2008 | 2 |1 |0 0 210 0 0] 5no 0no no low | +/s
Item Notes: Adapted version of the EPHPP tool for ROB
Meta-analysis: Meta-Analysis: Nye
Item 1123 4 |5 |6 7 8 | Fidelity Fidelity Fidelity ROB | +/-
Supported | Monitored | achieved Rx Eff?
? ?
Craig 1996 2121 2 2 2 2 0 2 | 12vyes 2 adh/fid 2 yes high | +/S
Franken 2005 21212 2 2 12 0 2 | 12 yes 2 ptfid/adh | 2yes mod | +/ns
Harris 2002 0111 0 110 0 0 3no Onoreport | Onorep low | -/ns
Harrison 2004 O|1(0 1 110 0 0 3 no O norep Ono mod | -/ns
Jones 2005 21211 1 2| 2 -1 2 | 10yes 2 ptfid/adh | 2yes low | +/s
Lattermann 2008 11111 2 5(1*1 |0 0 9 yes 0: adh rep Ono mod | +/s
but no
mon.
Riley 2000 1110 1 2 |0 0 0 | 5no Onorep Ono mod | +/ns
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Ryan 1995 2 2 2 1 11 yes 2 prov 2 yes* high | +/ns
ad/fid
Notes: Ryan 1995: 77% fidelity achieved by end of year.
Meta-analysis: Scott 2020
Item 1/2(3|4|5|6 7|8 Fidelity Fidelity Fidelity ROB +/-
Supported? | Monitored? | achieved? Rx Eff?
Adams 2017 2121201} 2 2 2 10 2 adh/fid 2 +/s
0 mod
Al Majid 2015 1022 (1]1]|2 012 8 yes 3 pt/prov 2 mod =/ns
Corneya 2008 21212 (|1]2]2 0|1 11 yes 1adh 1adh low +/s
Corneya 2009 21212 (|1]2]2 0|1 10 vyes 1adh 1adh High +/s
De Luca 2016 212(2(1121|0 0 9yes 0no Ono mod +/s
Do 2015 21111121 1,2 - -1 9 2:1 ptadh, 0adh * +/s
2 2 1 pt fid High
Dronkers 2010 212111121 0|1 9 1 adh 1 adh low
Edvarsen 2015 2121212122 012 12 2 fid 2 fid low +/s
Giallauria 2016 111112102 |0* |0 ]|0* [5no 0 no report 0* mod +/s
Hornsby 2014 21212 (|1]2]2 012 11 yes 2 ptfid/adh | 2vyes low +/s
Hvid 2016 1(21(0|2] 1, 2 8 yes 1,1 pt ad/fid | 3 (pt +/s
1 0 adh/fid High
Jones 2014 (safety) 1(1(0(0|2]|1 0|1 6 yes 1adh 1adh mod +/s
Mehnert 2011 21211 210 0 8 yes 0 0 +/ns
0 High
Nuri 2012 112|102} 0 0|0 6 2 0 mod +/s
Nuri 2016 1111010111 0|0 4 no 0no 0 no mod +/s
Pinto 2013 21211211213 0|3 13 3 pt/prov 3 +/s
2 low
Scott 2013 212121121 1 10 1 adh 1 adh low +/s
Segal 2001 1(1/1|0(|1]0 0 4 1 adh 0no low +/s
Stefanelli 2013 1100|110 010 5 0 0 +/s
2 mod
Swisher 2015 2121212121 011 11 1 adh 1 adh low +/s
Thorstensson 2005 110211111 - 10 5 1 adh -1 no +/s
1 High

Notes: Giallauria: No report of adh/fid measurement but report that participants’ average exercise intensity met

the target they were aiming for (VO2Max). However, as was an average, unable to tell range, and so 0 for fidelity.

Excluded: Jones 2013-unable to get full report. Broderick already included in Briani Meta-analysis, Casala, not

eligible. Unable to access Banergee and Cormie.

Meta-analysis: Salamh 2019
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Item 11213 4 |56 |7 |8 Fidelity Fidelity Fidelity ROB | +/-
Supported? | Monitored? | achieved? Rx
Eff?
Bailey 2017 21211 0O 212|012 9 yes 2 Prov. fid Onr low | +/s
Laudner 2014 21212 O (2112 1]2 9 yes 1 prov. fid 2 yes mod | +/s
Menske 2010 11210 1 211 1]0 (1 7 yes 1adh 1adh high | =/ns
Moore 2011 21210 0 21010 {O0 6 yes Ono Ono mod | +/s
Salamh 2015 21210 1 21010 1|0 7 yes 0no 0On/r high | +/s
Yang 2014 21211 O |20 |0 |-1 |7yes Ono On/a high | +/s
Notes:

Laudner 2014: extensive training to ensure assessor fidelity. Methods to ensure Rx fid by delivering

standard treatment, but not truly fidelity assessment. Scored 2 but can down score to 1/partial

Sauers 2007: Uncontrolled study. Ineligible.

Meta-analysis: Salamh 2016

Item 11213 4 |5|6 |7 |8 Fidelity Fidelity Fidelity ROB | +/-
Supported? | Monitored? | achieved? Rx
Eff?
Crossley 2016 212|2 2 231|111 12 yes 2 ptadh/fid | 2vyes low | =/ns
Deyle 2000 21112 0O |2 1]2 |02 9 vyes 2 ptadh/fid | 2yes low | +/s
Dwyer 2015 212|2 2 2121011 12 yes 2 ptadh/fid | 1adh low | =/ns
Deyle 2005 21212 2 2 12|12 12 yes 2 ptadh/fid | 2yes low | +/s
Pollard 2008 01211 0 21010 |O0 5no 0 0On/a high | +/s
Notes:
Kappetijin 2014: A parallel group observational study: not eligible/excluded.
Meta-analysis: Young 2018
Item 11213 4 |56 |7 |8 Fidelity Fidelity Fidelity ROB | +/-
Supported Monitored | achieved Rx
? ? Eff?
Carmack 1995 21211 0O (2 |11]0 |1 8 yes 1pt adh 1adh mod | +/s
Groussard 2015 21212 1 2 |10 |1 10 yes 1 pt fid? Onr mod | +/ns
Painter 2002 21212 1 2 12 |2 2 11 yes 2 ptadh/fid | 2 low +/s
adh/?fid
Reboredo 2010 21212 0 211|111 10 vyes 2 pt -1 no, mod +/ns
adh/?fid fid/adh
Koh 2010 21212 0 212|111 5no 2 pt -1 no, high =/ns
adh/?fid fid/adh
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Notes:

Painter, Reboredo, Groussard: HR monitoring to monitor exercise intensity, could be seen as fidelity to intended level of exercise,

but debatable if this was intention or is sufficient?

Meta-analysis: Ward 2019

Item 1 2 |3 4 5 6 7 |8 Fidelity Fidelity Fidelity ROB | +/-Rx
Supported? | Monitored? | achieved? eff?
Bauman2012 | 2 |2 | 2 2 2 1 0|-1 11 yes 1 adh -1 no mod | +/ns
Borghi-S 2015 2 110 1 1 0 010 5no 0 0 low +/s
Borghi-S 2009 1111 1 1 0 0|0 4 no Onr 0 mod | +/s
Duruturk 2 1212 1 2 1 0|1 10 yes 1 adh 1 adh low +/ns
2015
Emery 1998 2 |21 1 2 1 0|1 9 vyes 1adh 1adh low | +/s
Larson 1999 2 |22 1 2 2 0|2 11 yes 2 2 high | +/s
Lake 1990 2 1211 1 2 1 0|1 9 vyes 1 adh 1 adh mod | +/s
Reardon 11110 1 1 0 0|0 4 no 0 0 low +/ns
Ries 1995 2 112 1 2 0 0|0 8 yes Onr 0 low +/s
Troosters 112 |1 1 1 1 0|1 Yes 7 1 adh 0 low +/s
2000
Wijkstra 1996 | 2 211 2 2 2 Yes 11 1 adh on/r mod | +/s
Zambom-F 2 1212 0 2 1,1 1 8 yes 1ptadh, 1 1 adh low +/s
2015 pt fid

Notes: Unable to access: Gohl 2006 (in German, unable to access or pay for access).
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Figure 4.2 Forest plot, trials with full fidelity vs trials not reporting fidelity

*Note: this forest plot has been broken into two pages due to its size

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Std. Mean Difference SE Weight IV, d 95% ClI v, d 95% ClI
7.1.1 Full Fid (Score 3)

Aittasalo 2010 0.31 0.1531 1.0% 0.31[0.01, 0.61] —'—
Basler 2007 0.19 0.1633 0.9% 0.19[-0.13, 0.51] ‘_
Boyce 2010 0.37 0.2347 0.8% 0.37 [-0.09, 0.83] ™
Broderick 2014 0.1 0.1327 1.0% 0.10 [-0.16, 0.36] ™
Buman 2011 0.44 0.3163 0.6% 0.44 [-0.18, 1.06] T
Carter 2011 -0.06 0.7347 0.2% -0.06 [-1.50, 1.38] s 1
Chen 1998 -0.07 0.2806 0.7% -0.07 [-0.62, 0.48] -
Crain-Thoreson 1999 ev 0.38 0.4388 0.4% 0.38 [-0.48, 1.24] -T——
Crain-Thoreson 1999 rv 0.12 0.3469 0.5% 0.12 [-0.56, 0.80] -1
Daley 2015 0.0984 0.2253 0.8% 0.10 [-0.34, 0.54] T—
Green 2010 0 0.1633 0.9% 0.00 [-0.32, 0.32] T
Gutttentag 2014 0.07 0.1327 1.0% 0.07 [-0.19, 0.33] T
Heubner 2000 ev 0.2 0.199 0.9% 0.20 [-0.19, 0.59] b g
Huebner 2000 rv 0.27 0.5204 0.3% 0.27 [-0.75, 1.29] T
Hunt 2013 0.39 0.4541 0.4% 0.39 [-0.50, 1.28] 1T
Hvid 2016 0.4331 0.4821 0.4% 0.43 [-0.51, 1.38] i
Pile 2010 ev 0.46 0.3316 0.6% 0.46 [-0.19, 1.11] T
Pinto 2013 0.6912 0.3068 0.6% 0.69 [0.09, 1.29] s
Pruder 2011 -0.01 0.1053 1.1% -0.01 [-0.22, 0.20] T
Roberts 2012 EL 0.67 0.3543 0.5% 0.67 [-0.02, 1.36] =
Roberts 2012 RL 0.46 0.3487 0.5% 0.46 [-0.22, 1.14] T
Rogers 2012 0.1 0.199 0.9% 0.10 [-0.29, 0.49] T
Rovinak 2005 0.44 0.2908 0.7% 0.44 [-0.13, 1.01] —
Siller 2013 0.24 0.25 0.7% 0.24 [-0.25, 0.73] b
Solomon 2014 0.16 0.2041 0.8% 0.16 [-0.24, 0.56] T
Solomon 2014 ev -0.21 0.199 0.9% -0.21[-0.60, 0.18] -
Solomon 2014 rv 0.07 0.2653 0.7% 0.07 [-0.45, 0.59] -1
Tonge 2014 -0.06 0.2347 0.8% -0.06 [-0.52, 0.40] e
Tyler 2003 1.0199 0.4242 0.4% 1.02 [0.19, 1.85] —
Tyler 2011 0.4226 0.481 0.4% 0.42 [-0.52, 1.37] o D
Venker 2012 -0.5 0.5102 0.3% -0.50 [-1.50, 0.50] =1
Waller 2017 0.42 0.2143 0.8% 0.42 [-0.00, 0.84] ~
Waller 2017 b 0.04 0.2143 0.8% 0.04 [-0.38, 0.46] T
Whittemore 2013 pa 0.18 0.0918 1.1% 0.18 [0.00, 0.36] ™~
Whittemore 2013sb 0.05 0.0867 1.1% 0.05 [-0.12, 0.22] r
Subtotal (95% CI) 24.6% 0.14 [0.08, 0.20] 1]

Heterogeneity: Tau? = 0.00; Chi? = 29.93, df = 34 (P = 0.67); I* = 0%
Test for overall effect: Z = 4.24 (P < 0.0001)

a. RCTs with fidelity and adherence (full fidelity)
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7.12 No Fidelity

Aglamis 2008 3.14
Aldred 2004 157
Aldred 2004 ev 1.58
Aldred 2004 rv 0.63
Alhassan 2007 0.1
Alhassan 2013 121
Anessi 2013 0.41
Bailey 2017 Add 063
Bailey 2017 ER 0.07
Bailey 2017 IR 0.48
Balducci 2010 ac 0.1218
Baumann 2012 028
Belanger 2013 027
Bock 2001 025
Bonvin 2013 0.19
Borghi-Silva 2009 057
Borghi-Silva 2015 0.9
Brosseau 2012 -0.12
Buschmann 2009 ev 072
Buszewicz 2006 0.08
Cadmus 2010 036
Campanha 2017 05151
Cardon 2009 0.13
Casenhiser 2013 0.27
Castello 2011 o
Coen 2015 BMI 0.0846
Coen 2015 fm 0.1006
Dallow 2003 124
Dawson 2010 0.55
De Craemer 2014 0.17
De Luca 2016 0.6052
deRosset 2013 0.3591
de Vries 2015 02
Do 2015 03761
Drew 2002 056
Drew 2002 ev 056
Drew 2002 v 0.71
Drista 2009 0.8651
Ellakim 2007 4.32
Emery 1998 071
Finch 2014 034
Fjeldsoe 2010 0.0746
Fung 2005 0.9
Gallagher 2009 11937
Ghaffari 2012 ~0.38
Giallauria 2016 0.5048
Gram 2010 ab 0.8923
Gram 2010 ac 0.602
Groussard 2015 -0.2814
Groussard 2015 6MWT 1.441
Harris 2002 0.67
Harrison 2004 0.14
Hassanejad 2017a 1018
Hassanejad 2017b 0.9569
Hertogh 2010 1.24
Holmes 2018 0.8232
Jassil 2015 0.9389
Keller 2014 PA 0.1628
Keller 2014 wghT 0.0681
Kim and Kang 2006 ab 0.6684
Kim and Kang 2006 ac 0.7724
Koh 2010 6MWT 0.5787
Kolt 2006 0.46
Lattermann 2008 151
Lee 2009 0.46
Leermakers 1998 0.585
Ligtenberg 1997 0.1218
Lioret 2012 -0.0447
Lonigan 1998 ev 03
Lonigan 1998 rv 0.08
Marconcin 2018 0.52
Mehnert 2011 0.4732
Michaud 1995 091
Mohr 2014 0.83
Moore 2011 Ad1 0.88
Moore 2011 1R 1 0.94
Nuri 2012 0.511
Nuri 2016 0.4699
O'Dwyer 2013 0.12
OTToole 2003 pa 1.0142
OTToole 2003 Wght 3.7734

Odole 2014 0.03

Olagbeg! 2016 pain -1.36
Onofre 2018 0.4269
Pisters 2010 0.55
Plotnikoff 2010 -0.1716
Pollard 2008 pain 0.73
Reardon 1994 0.06
Reboreco 2011 0.0552
Reilly 2006 -0.45
Ries 1995 039
Riley 2000 1.08
Salamh 2015 Add 134
Salamh 2015 IR 0.65
Schwartz 1985 0.7336
Schwarzer 2010 0.25
Segal 2001 0.2473
Shaw 2011 bm 0.1076
Shaw 2011 fm 0.261
Singh 2016 b 171
Skou 2015 0.59
Smith-Lock 2013 0.41
Smith-Lock 2013 0.41
Sprujit-Metz 2008 -0.07
Sprujit-Metz 20086 0.28
Stefanelli 2013 1.2226
Stegen 2011 -0.3235
Thorstensson 2005 0.481
Tripette 2014 pa -0.16
Tripette 2014 weight 17
Troosters 2000 06
Tudor-Locke 2004 [
Van Hoeck 0.12
van Nimwegen 2013 0.01
Verma 2013b 0.84
Verma 2013 pain 126
Whalen 2010 035
Wikstra 1996 0.71
Wisse 2010 -0.05
Yang 2014 154
Youngwabuschsetha 2013 wght 0.2283
Zilberman 2018 pa 0.75
Zilberman 2018 wght 357

Subtotal (95% CI)

0.6378

0.243
03163
0.2509
0.2041
3.1735

02%  3.14[189,439)
0.1%  1.57(-0.85,3.99]
0.4% 1.58 (0.75, 2.41]
03%  0.63(-0.44, 1.70]
05%  0.10(-0.59,0.79]
0.6% 1.21(0.59, 1.83)

1.0% 0.41(0.11,0.71)
0.63 (0.11, 1.15)

11%  0.08(-0.06,0.22]
10%  036(0.1,061]
0.52[-0.14,1.17)
10X 0.13([-0.17,0.43)

0.7%  0.27(-0.27,0.81]
0.4%  0.00(-0.86, 0.86]
0.9%  0.08(-0.26,0.43]
0.9%  0.10(-0.25,0.45]
0.5% 1.24(0.47, 2.01)
0.6% 04,1.14)
1.0% .08, 0.42]
0.4% 30, 1.51]
0.4% 45,1.17)
0.9% . 16, 0.56]
0.7%  038[-0.13,0.88]
0.5% 23,135
0.5% 23,135
0.2% 94,2.36]
0.8%  0.87[0.43,130]
03%  432[3.21,5.43]
0.7%  0.71[0.14,1.28]
0.8%  0.34[-0.12,0.80]
0.6% 34,0.49]
0.1% 96, 2.76]
0.3% 1.19 (0.10, 2.28]
0.6%  -0.38[-0.81,0.05]
0.7% . 06,1.07)
0.5%  0.89(0.13, 1.66]
05%  0.60(-0.13,133]
0.4%  -0.28(-1.22,0.65]
0.3% 1.44(037,2551)
0.4%  0.67(-0.23,157)
0.4%  0.14(-0.73,1.01)
0.5% 1.02(0.33,1.71]
05%  0.96[0.27, 1.64]
0.5% 1.24(0.47, 2.01]
0.6%  0.82(0.21, 1.44]
0.4%  0.94[0.04,1.84]
0.8%  0.16 [

0.8% 0,07 [-0.

0.5%  0.67[-0.05,1.38]
0.5% 0.77 [0.02, 1.52]
05%  0.58[-0.16,1.31]

06%  0.46(-0.17,1.09]
0.7%  0.58(0.07,1.10]
0.7%  0.12[-0.43,0.67)
L1%  -0.04(-0.25,0.16]
0.6% . 31,0.91)
0.7%  0.08(-0.48, 0.64]
0.7% 0.52[0.03, 1.01]
0.7%  0.47 (-0.05,1.00]
0.4%  0.91(0.02,1.80]
06%  0.83(0.19,1.47)
0.6%  0.88(0.22,1.54)
0.6%  0.94(0.28, 1.60)
05%  051(-0.23,1.25]
0.5% 0,47 [-0.26,1.20]
0.9%  0.12(-0.28,0.52]
0.4% 1.01(0.13,1.90]
0.2% 3.77(2.32,5.23]
0.7%  0.03(-0.52,058]
0.6%  -1.36[-1.95, -0.77]
0.3% .43 [-0.72, 1.58]

1.0% 0.55 [0.26, 0.84]

0.6%  -0.17[-0.79, 0.45]
0.6% 0.73 [0.10, 1.36]
0.4%  0.06[-0.81,0.93]
0.5% 0.6 [-0.75, 0.86]

1I1%  -0.45 [-0.68, -0.22)

0.9% 0.39(0.02, 0.76]
03%  1.08(-0.05,221)
0.7% 1.34(0.78, 1.90]
0.7% 0.65 (0.13, 1.17]
0.2%  0.73(-0.87,2.34]

1.1% 0.25 (0.07, 0.43]

0.11(-0.71, 0.93)

0.4% .
0.4%  0.26[-0.61,1.13)
0.4% 1.71(0.86, 2.56]
0.8%  0.59(0.16,1.02]
0.1%
0.1%
11%

1.1% 0.28 [0.08, 0.48]

0.5% 1.22[0.54, 1.90]
03%  -0.32[-1.35,0.70]
0.9%  0.48(0.10, 0.86]
06%  -0.16[-0.83,0.51]
0.7% 1.70 [1.16, 2.24]
0.7%  0.60(0.09, 1.11]
0.7% 7,0.57)
1.0% 14,0.38)
11% X 16,0.18]
05%  0.84[0.09,159]
0.5% 1.26 (0.47, 2.05)
0.6%  0.35(-0.23,093]
0.6% 0.71(0.06, 1.36]
0.8%  -0.05[-0.53, 0.43]
0.6% 1.54 (0.92, 2.16]
07%  0.23(-0.26,0.72]
0.8%  0.75(0.35, 1.15]
0.0%  3.57(-2.65,9.79]
754%  0.47[038,0.55]

Heterogeneity: Tau® = 0.14; Chi* = 449.80, df = 122 (P < 0.00001); I = 73%

Test for overall effect: Z = 10.54 (P < 0.00001)

Total (95% C1)

100.0% 0.39 [0.32, 0.46)

Heterogeneity: Tau’ = 0.10; Chi’ = 492.49, df = 157 (P < 0.00001); I = 68%

Test for overall effect: Z = 11.13 (P < 0.00001)

Test for subgroup differences: Chi? = 34.88, df = 1 (P < 0.00001), I = 97.1%

|

with full fidelity vs trials not reporting

fidelity

| Hw||”H'1+'+'11**Hllw|lH‘

|

4

monitoring, or reporting fidelity not

maintained.

|

- -‘{\"H iR

-4 -2 2 4
Favours [control] Favours [experimental]

Table 4.2 continued: Forest plot, trials

b. RCTs not reporting fidelity or fidelity
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Appendix V: Chapter 5-ACL-SNNAP supplementary materials
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Figure 5.1 Surgical case-report form3*

Study Number ‘A‘C‘L‘_‘ ‘ ‘ ‘_‘ ‘ ‘ ‘ ‘ ‘

ACL SNNAP Operation Form

Instructions for completion:

ACL reconstruction operation.

= Completed by ACL SNNAP researcher (Surgeon/Research Nurse/Assistant) for patients undergoing an

= Surgical data must be collected by the surgeon (or via liaison with surgeon) at the time of operation.
= Once completed please submit data to ACL SNNAP database.

Study knee | Date of operation: Surgeon:
Right [ | | DD/MON/YYYY
Left []

Hospital: Day Case?

Yes []
No []

Section 1 - Time

Operation time (knife to skin — Dressings on)

Theatre time (into Anaesthetic Room — out of theatre)

Section 2 - Staffing (Please state the number of each present during the operation)

Anaesthetic | Consultant []] Fellow [] | Registrar [T]| sHO []| Student |
Surgical Consultant []] Fellow [T Registrar [T]]sHO [1] student O
Nursing Sister []] Staff Grade []|opD []| HCA []| Student O

Section 3 - Anaesthetic (Tick all that are applicable)

General anaesthetic D‘ Periarticular LA infiltration []

Epidural D‘ Sciatic Block

O ‘ Femoral Block O

Other please specify

Spinal []

Please state ASA Grade

L]

Section 4 - Incision and approach

If No, please state reason below:

Arthroscopic | Open |
Section 5 - Articular cartilage
Is the articular cartilage normal throughout? Yes [] No[]

Patella damage size cm? I:l (ICRS) Grade I:l

Trochlea damage

size cm? I:l (ICRS) Grade I:l

Medial femoral damage size cm2|:| (ICRS) Grade I:l

Lateral femoral damage  size cm? I:l (ICRS) Grade I:l

Medial plateau damage size cm? I:l (ICRS) Grade I:l

Lateral plateau damage  size cm? I:l (ICRS) Grade I:l

Please document the type of graft used.

Section 6 - Procedure: ACL reconstruction

Hamstring tendon

L] ‘ Patella tendon D‘ Other please state

Yes D No D

Was a Notchplasty Performed?

PIe:a.se check t.he appropriate Femoral Tunnel outside-in 1| Trans-tibial [1| AM Portal 1| All inside [
Drilling Technique:
Please check the appropriate Tibial Tunnel Drilling Technique: Outside-in O Inside-out O Allinside O

ACL SNNAP_OperationForm_V1.0_23Aug2016
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Section 7 - Additional surgery

If Yes, please indicate below

Was additional surgery performed? Yes [ | No [ ]

Partial Medial Meniscectomy [ ] | Medial Meniscal Repair []| Medial Replacement (Synthetic) [ |
Partial Lateral Meniscectomy W Lateral Meniscal Repair []] Lateral Replacement (Synthetic [ |
Medial Transplant (Allograft) O Saucerisation Medial Discoid Meniscus [_|| Posterolateral Corner Surgery  []
Lateral Transplant (Allograft) O Saucerisation Lateral Discoid Meniscus O Collateral Ligament Surgery O
Extensor Mechanism Surgery []| Articular Cartilage Surgery []] PCL Surgery O

Other [ | please specify

Section 8 - Medial & lateral meniscal status at end of procedure

Normal Medial Meniscus O 2/3 Remaining O 1/3 Remaining O <10% Remaining O
Normal Lateral Meniscus O 2/3 Remaining O 1/3 Remaining O <10% Remaining ]

Section 9 - Intra- operative complications

Were there any intra-operative complications experienced?
If there were intra-operative complications, please indicate below:

Yes |:|

No|:|

Patella fracture

[]

Patella tendon avulsion

[]

Femoral tunnel blowout

Haemorrhage

[]

Vascular Injury

[

Nerve damage

Ligament injury

[

Contralateral graft
harvest

[

Graft failure

[

Death

Other please specify

[l

Section 10 - Post-operative complications

Were there any post-operative complications experienced?
(from time of operation until discharge)
If there were post-operative complications, please indicate below:

Yes |:|

N0|:|

DVT confirmed by
Blood test
Radiology

O
0

Would infection confirmed
by Microbiology |:|

PE confirmed by
Blood test
Radiology

[l
L

Blood loss requiring
a blood transfusion?

O

If yes, how many units given? I:l

Death

O

Please add any additional information
about any complications:

Section 11 - Length of hospital stay

Patient’s admission date

Patient’s discharge date

[o]o] / [w[o[x] /

Ll v]

[ofof 7 [mfofn] /

| ]

Was the patient admitted to ICU and/or HDU during their stay in hospital?

If yes, please specify the time spent in ICU and/or HDU

Yes

Y|Y|Y
] No

O
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Figure 5.2: Rehabilitation (non-surgical management arm) case report form3+

Study Number ‘ ‘ ‘ ‘ ‘ ‘

ACL SNNAP Rehabilitation Treatment Form

Instructions for completion:
= To be completed for all participants.

= Section 1 includes 6 treatment logs to document detail on treatment sessions attended
(corresponding to the minimum requirement for the study). However, please record details on
all treatment sessions attended, additional treatment logs are included in the appendix.

= Please complete section 2 when the participant is discharged from physiotherapy.

= When completed, please enter data onto the ACL SNNAP database.

Section 1 — Treatment sessions

Details to be completed for every session attended.

Session No: I:I:I
Date: |D|D|/‘M|M|/|Y|Y|Y|Y| Duration of I:D

session:

Name of physiotherapist: ‘ ‘

ff grade: i Oth
suftgades g 5[ [] 7 [] s [ 0[]

(please state)

Type of session:
Group based, such as knee I:l

Individual one to one treatment I:l
class

Content of the session (please tick all that apply):

Advice and education Home exercises (instruction/review)
Supervised exercises (strengthening) Gait re-education

Supervised exercises (stretching) Supervised exercises (proprioception)

O

Supervised exercises (sport specific) Hydrotherapy

Other (If other please state below)

HinIn{Nn

ACL SNNAP_RehabForm_V2.0_23Apr2018

449





