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Abstract 

Perthes’ Disease is an idiopathic avascular necrosis of the developing femoral head 
that causes joint deformity and significant impact on a child’s physical, mental and 
social health. In the children’s orthopaedic community, Perthes’ Disease is a top 
priority for further research. From a non-surgical perspecHve, there is widespread 
variaHon of care and there is no robust evidence to support any specific non-surgical 
approach, but it ohen includes physiotherapy and self-management. PaHent and 
Public Involvement work in preparaHon for this PhD idenHfied that a digital self-
management intervenHon (an app) was an appropriate way to support the non-
surgical treatment of Perthes’ Disease. 

A mix of methods were used to deliver a digital self-management intervenHon for the 
non-surgical treatment of Perthes’ Disease (the NON-STOP app) and conduct 
feasibility tesHng in preparaHon for further evaluaHon. A clinical consensus study 
amongst children’s orthopaedic specialists provided recommendaHons for the non-
surgical treatment of Perthes’ Disease. The findings of this study provided clinical 
content that was integrated into the NON-STOP app such as selecHon of exercises for 
children to complete and topics for the educaHonal component within the app. 
During qualitaHve interviews with key stakeholders, including children with Perthes’ 
Disease, their families and the clinicians who care for them, experiences of exisHng 
care were shared. The NON-STOP app was created in collaboraHon with app 
developers and PPI input. Children and their families highlighted important features 
and aspects to improve engagement with the app. These ideas, such as rewards for 
the avatar ‘Bobby the Bone’ aher using the app, were integrated into the design and 
development of the NON-STOP app. The app was tested in a mixed-methods 
feasibility study to explore its usability and acceptability. Children with Perthes’ 
Disease and their families engaged with the NON-STOP app and found it usable. 
Those who took part in the qualitaHve element of the study provided insight as to 
how engagement could be improved and sustained. SuggesHons were made 
regarding intervenHon dosage and improved rewards.  

Due to the methods employed, and most importantly, due to the involvement of 
relevant key stakeholders considered at every stage, it has been possible to design, 
develop and preliminarily test the NON-STOP app. It has been refined based on the 
findings of this project, with updates aimed to opHmise engagement. Following this, 
it has now been integrated into a large, NIHR-funded, mulH-centre, randomised 
clinical trial to compare the surgical and non-surgical treatment of Perthes’ Disease.  
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TIDieR – Template for IntervenHon DescripHon and ReplicaHon  
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Chapter 1 – Introduc1on to thesis 

1.1 Introduc,on 

This first chapter of a thesis completed as part of a doctoral programme of work 

focused on the development of a digital self-management intervenHon for the non-

surgical treatment of Perthes’ Disease. In this chapter, a summary of Perthes’ Disease 

and the raHonale for compleHng this project is provided as well as the aims and 

objecHves. Finally, a summary of subsequent chapters is provided to demonstrate the 

structure of the thesis. 

 

1.2 Perthes’ Disease 

In 1910 Arthur Legg, Jacques Calvé and Georg Perthes published the first descripHons 

of a child with, as Legg described “an obscure affecHon of the hip-joint” [1-3]. As a 

result, the condiHon was termed Legg-Calvé-Perthes’ Disease, most commonly 

shortened to Perthes’ Disease. Over a centruy has passed, and a large degree of 

uncertainty remains regarding opHmal management of this rare condiHon. This 

secHon presents an overview of the condiHon and the development of the project.  

 

1.2.1 What is Perthes’ Disease? 

Perthes’ Disease is an idiopathic avascular necrosis of the developing femoral head 

that most commonly affects children aged between four- and eight-years old, with 

boys affected at least four Hmes more than girls [4]. A disrupHon in the blood supply 

to the femoral epiphysis occurs in the early stages of the condiHon and results in 

varying degrees of collapse at the femoral head [5]. The true aeHology is unknown 

however the pathophysiology of the condiHon is well described through several 

stages that occur during the disease process. Typically, this process takes between 

two and five years [4]. Firstly comes the iniHal stage in which the blood supply is 

disrupted, which leads to sclerosis and fla'ening of the femoral head. In the la'er 
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stages of the condiHon, the fragmentaHon and reossificaHon stages, the necroHc 

bone is reabsorbed by the body and new bone is produced, and remodelled unHl the 

healed stage is reached [6]. These stages of the condiHon, originally described by 

Waldenström have since been modified by Jospeh et al [7]. The modified 

classificaHon includes an ‘early’ and ‘late’ secHon of the iniHal, fragmentaHon and 

reossificaHon stages to allow for more detailed staging [7, 8]. The stages of Perthes’ 

Disease can be seen in the series of radiographs in Figure 1.1 [9]. 

Figure 1.1 – The stages of Perthes' Disease using Waldenström classificaHon* 

 

*Image from Varela-García, M., et al., A retrospec@ve study describing the acetabular 
consequences of Legg- Calve-Perthes’ Disease. BMC Musculoskeletal Disorders, 2024. 
25(1): p. 753. 

The shape of the femoral head at the healed stage is dictated by how well the femoral 

head (despite any change in shape) remains within the confines of the acetabulum of 

the pelvis during the first three stages of the condiHon. This concept is called 

containment, and is discussed in more detail in Chapter two, along with how this is 

achieved. The change in the shape of the femoral head over the course of the disease 

process ohen causes significant implicaHons for the child. These include limited range 

of moHon (ROM), pain, mobility limitaHons and a reducHon in quality of life [10]. The 

impact on quality of life has been measured using the same outcome measure for 

Perthes’ Disease as in childhood cancer [11]. The parHcipants reported scores that 

demonstrated similar, and at Hmes, lower scores for quality of life for Perthes’ Disease 

when compared with childhood cancer, demonstraHng the impact of the condiHon 

on quality of life.   
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Children will typically present with a limp, and pain in the hip, although this can 

present as pain in the knee. There is ohen a restricHon in ROM which is most 

commonly in abducHon and internal rotaHon of the hip. Diagnosis is generally 

confirmed using plain radiographs of the hip/pelvis. Other diagnosHc invesHgaHons 

include MagneHc Resonance Imaging (MRI) [12].  

Radiographs are used once the disease reaches the healed stage to predict the long 

term outcome, which is based on the final shape of the hip. This is classified according 

to the Stulberg classificaHon [13], which offers clinicians the ability to quanHfy the 

degree of deformity and use this to predict the potenHal onset of degeneraHve joint 

disease such as osteoarthriHs.  

 

1.2.2 Epidemiology 

The UK has the highest incidence of Perthes’ Disease in the world, with an annual 

incidence as high as 19 per 100,000 0- to 14-year olds per year in some areas of the 

UK [14]. It most commonly affects boys aged between four and eight years old, with 

males affected around four Hmes more commonly than females [4]. There is a 

significant variaHon in the rates of Perthes’ Disease depending on locaHon. This 

geographical variaHon exists internaHonally, with regions close to the equator having 

lower incidence than those in Northern Europe, which has the highest rates 

worldwide [15]. The geographical variaHon also exists on a smaller, more local scale 

[16]. For instance, in the UK, there are much lower rates of Perthes’ Disease in London 

in the south of the UK compared to the North of England and Scotland. The rates in 

Scotland, in a study in 2012, demonstrated over twice as many cases reported [14]. 

There is a marked socioeconomic gradient associated with Perthes’ Disease, with the 

most deprived areas in the UK demonstraHng rates four Hmes greater than the most 

affluent areas.  

The aeHology of Perthes’ Disease is unknown, however there are certain risk factors 

that have been idenHfied which suggest that the aeHology could be environmental 

given the link with socioeconomic deprivaHon. There are associaHons with certain 

factors such as exposure to cigare'e smoke [17, 18], low birth weight and birth length 
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[19, 20], atypical stature [21, 22] and other abnormaliHes such as behavioural issues 

like hyperacHvity [23, 24]. Whilst these factors appear to be important, parHcularly in 

such determinants as socioeconomic deprivaHon, the mechanisms remain unclear.  

In recent years, the epidemiology of Perthes’ Disease has been well described in the 

literature, with a large surveillance study of children with Perthes’ Disease called the 

BriHsh Orthopaedic Surgery Surveillance (BOSS) Study. This study produced a mass of 

updated informaHon on the condiHon within the UK [25]. The data collected in the 

BOSS study confirmed the findings from 2011 which reported a decline in rates of 

Perthes’ Disease in the UK. That being said, there is sHll a significant volume of cases 

in the UK, with data on almost 400 incident cases of Perthes’ Disease collected from 

hospitals in the UK over a two-year period. 

 

1.2.3 Current management of Perthes’ Disease in the UK 

A parHcular focus on the literature surrounding the management of Perthes’ Disease 

is provided in Chapter two. In order to provide an overview of how Perthes’ Disease 

is managed, a summary is provided here with reference to the latest available 

evidence.  

In 2007 there was a survey amongst members of the BriHsh Society for Children’s 

Orthopaedic Surgery (BSCOS) which collected informaHon about how members 

managed children with Perthes’ Disease [26]. In this study, respondents (n=88) 

demonstrated that 90% were advised to complete physiotherapy. There was no detail 

as to what physiotherapy intervenHon entailed, however it is generally accepted that 

maintaining ROM and strength of the hip are common pracHce in physiotherapy for 

children with Perthes’ Disease. This is ohen done with regular input in clinic seqngs, 

hydrotherapy and prescripHon of home exercise programmes to complete. This 

approach is ohen combined with advice regarding acHvity modificaHon such as 

reducing high-impact acHviHes, which it is theorised exacerbates deformity in the 

acHve stages of the condiHon [27].  

In 2020, working as the lead researcher (referred to subsequently as ‘the 

researcher’), I was able to further demonstrate the variaHon in care for children with 
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Perthes’ Disease in the UK [28]. In this case review centres in the UK provided 

informaHon regarding what input children had received in their respecHve hospital. 

There were variaHons in which children received physiotherapy or not, variaHons in 

which children were advised to modify acHviHes and whether children received 

surgery or not. The BOSS study in 2022 delivered further informaHon regarding the 

management of children with Perthes’ Disease in the UK [25]. In the two-year period, 

33% (n=117) children were treated using surgery, 67% (n=207) were referred to 

physiotherapy. The factors that influenced the choices made by surgeons were ohen 

clinician-specific rather than consistent paHent- or disease-specific factors. The 

results of the BOSS study demonstrated that age, sex and radiological collapse were 

idenHfied as predictors of poor radiological outcome, which is in keeping with the 

literature [29, 30]. Despite the focus that many surgeons put on hip ‘sHffness’, this did 

not affect radiographic outcomes. Finally, the BOSS study demonstrated that when 

containment surgery was carried out, there was no evidence to suggest that it had 

any bearing on the radiographic outcome. It is reasonable to suggest that here that 

decisions were based on clinical intuiHon rather than established prognosHc 

indicators.  

 

1.2.4 RaBonale for this programme of work 

In 2018, a James Lind Alliance Priority Seqng Partnership exercise took place for 

elecHve lower limb condiHons in children’s orthopaedics [31, 32]. A top priority was 

to explore the short- and long-term outcomes of children treated with surgical or 

non-surgical care for Perthes’ Disease. BSCOS carried separately carried out a priority 

seqng exercise amongst surgeons, covering the whole of children’s orthopaedics, in 

which surgical or non-surgical care for Perthes’ Disease was the second highest 

priority [33]. 

A clinical trial comparing surgical and non-surgical intervenHon was the best way to 

address this uncertainty. However, a barrier to conducHng such a trial was that non-

surgical care was not standardised. Between 2018 and 2020, prior to this doctoral 

fellowship, the researcher completed a pre-doctoral fellowship in which three key 
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pieces of work took place to jusHfy the need to opHmise the non-surgical treatment 

of Perthes’ Disease. The first was a case review, described briefly in secHon 1.2.3, 

which described non-surgical variaHon of care in the UK [28]. The second piece of 

work was a systemaHc review of the non-surgical treatment of Perthes’ Disease [34]. 

This systemaHc review is discussed in more detail in Chapter two. To summarise, this 

review demonstrated that there was no robust evidence to support the use of any 

non-surgical treatment approach compared to another and that further research was 

needed to opHmise non-surgical care. The final piece of work was the beginning of 

the researcher’s engagement with PaHent and Public Involvement (PPI) groups. The 

acHviHes are discussed in more detail in the secHon below.  

 

1.2.5 PaBent and Public Involvement 

PPI is widely recognised as beneficial to health research and is a mandatory element 

of research funded by organisaHons such as the NaHonal InsHtute for Health and Care 

Research (NIHR). The benefits of PPI acHvity in health research have been 

demonstrated by early career researchers including those compleHng doctoral level 

research [35]. Similarly, reflecHons from researchers and PPI contributors have also 

demonstrated how PPI engagement can lead to increased impact and have posiHve 

influences on research quality [36].   

During the applicaHon stages for this doctoral fellowship, the researcher visited a 

NIHR-funded PPI group called the Young Persons Advisory Group (YPAG) [37]. 

Through this affiliaHon, children as young as four years old were able to comment on 

the design of the doctoral fellowship applicaHon. It was here that the work from the 

pre-doctoral fellowship was presented and discussions around current care provision 

highlighted that physiotherapy intervenHon needed a'enHon. Children and family 

members offered insight into their experiences of receiving physiotherapy input for 

Perthes’ Disease as well as other condiHons. This first-hand experience from paHents 

and their carers is where the concept of a digital self-management intervenHon (an 

app) was born. Individuals recounted experiences of physiotherapy and highlighted 
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that self-management approaches were not fit for purpose, some called approaches 

to exercises at home “boring”.  

Individuals who took part in early YPAG/PPI acHviHes were invited to be members of 

a Project Advisory Group (PAG) that met regularly over the course of this doctoral 

fellowship. The culminaHon of these PAG and PPI groups are responsible for key 

milestones/outputs of this project including the acronym and logo for the project. 

They have also inpu'ed into the design of the intervenHon and study materials as 

well as disseminaHon materials aher each study.  

The need to deliver this project to develop a digital self-management intervenHon for 

the non-surgical treatment of Perthes’ Disease was influenced substanHally by the 

input of PPI/YPAG and PAG members. Their input was invaluable, and in the chapters 

that follow, the engagement with PPI members and the PAG are described specific to 

that parHcular piece of work. In the final chapter, there is a PPI secHon which provides 

a clear outline of their meaningful contribuHon to this project, and their prospecHve 

input moving forward.  

 

1.3 Epistemological and ontological posi,on of the researcher 

A research paradigm is ohen considered in a doctoral project, and can be described 

by considering the views of the researcher in relaHon to ontology and epistemology. 

These views can then be used to guide how research takes place, and how the 

knowledge is conceptualised within relevant communiHes. Ontology is the study of 

being and reality, specific to health research, this refers to the nature of reality being 

studied, i.e. “what can be known?” [38]. Epistemology is the study of knowledge, i.e. 

“how do we know what we know?” or “how can we study what can be known?” [39]. 

The two are interlinked, and should align in order to produce coherent and 

meaningful research [40]. For example in Perthes’ Disease, if one believes that 

management of the condiHon is purely biomechanical and can only be managed using 

physical intervenHons, then using interviews to study it would be ineffecHve. 

Conversely, if one believed it was purely determined by behaviours of children with 
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Perthes’ Disease and their families, and focused only on physical measures such as 

radiographs or ROM in research, there would be a similar imbalance. An individual’s 

ontological and epistemological posiHon ohen underpins research paradigms. One of 

the approaches is pragmaHsm, which is the approach taken by the researcher 

throughout the course of this project [38]. PragmaHsm is based on the principle of 

applying the most appropriate methods to explore the problem at hand and is 

common in studies that apply a range of methods [41, 42].  

In the context of this doctoral project, it allowed the researcher to use a range of 

methods which addressed the specific aims and objecHves of each of the studies. In 

recent research, the roles of paHents in research have been described in relaHon to 

pragmaHsm [38]. In a review of the literature surrounding pragmaHsm in paHent-

oriented research, Allemang et al produced a table outlining research paradigms and 

comparing components such as ontology, epistemology, methodology and paHent 

involvement. In Table 1.1 below, this has been adapted to include a column outlining 

how each of the components were addressed in this doctoral programme of work. 

Table 1.1 – Key components of pragmaHsm in this project* 

 Pragma.sm Evidence in this project 
Ontology  Reality is renegoHated and 

interpreted based on 
usefulness in specific 
contexts 

Non-surgical treatment 
decision making is influenced 
by the child +/- family input 
relaHng to their experiences 

Epistemology TransacHonal realism: 
knowledge constructed 
based on interacHons 
between people and their 
environments 

Key stakeholders (children 
with Perthes’ Disease, their 
families and clinicians who 
care for them) are involved at 
mulHple stages of the project 

Methodology Mixed-methods; acHon-
oriented inquiry; design-
based 

A mix of quanHtaHve and 
qualitaHve methods, selected 
at each individual study to 
meet the aims of each 

Pa.ent roles in 
research 

Consult, involve, 
collaborate, lead/support 
(e.g. paHents sit on a 
standing advisory council 

Children with Perthes’ 
Disease and their families 
included as PAG members 
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for a clinical trial, or 
paHents involved as 
research partners) 

and involved at every stage of 
the project 

*Adapted from Allemang, B., K. SiNer, and G. Dimitropoulos, Pragma@sm as a 
paradigm for pa@ent-oriented research. Health Expect, 2022. 25(1): p. 38-47. 

In each of the subsequent chapters in which a study is presented, there is a reference 

to the methods and how they align with the ontological and epistemological views of 

the researcher. Where there is specific consideraHon of the viewpoint of the 

researcher and how their stance/views may influence the research, a secHon called 

‘PosiHonal reflexivity of the researcher’ has been presented. This concept involves 

providing an insight into how an individual’s posiHon and role can impact the current 

situaHon [43]. As discussed in Chapters three and six, the researcher presents the 

challenges of delivering a doctoral project in children’s orthopaedics as a specialist 

physiotherapist. It was important to consider how the researcher’s background, such 

as professional experiences, personal beliefs, and cultural context, shaped the 

research conducted. For example the researcher’s training and experiences in 

children’s orthopaedics have influenced their understanding of the needs of children 

with Perthes’ Disease. The potenHal is that this experience can lead to biases in 

interpreHng data or feedback. In each study, the steps taken to miHgate this bias are 

described, ensuring that the findings reflect the genuine experiences of the 

parHcipants. 

The process of developing this digital self-management intervenHon for children with 

Perthes’ Disease, delivered using a smart device applicaHon followed an established 

approach. The Medical Research Council Framework for the development and 

evaluaHon of complex intervenHons [44]. The framework is described in more detail 

in SecHon 2.5.4.1.  

 

1.4 Aims and objec,ves 

Below are the aims and objecHves of the project, as well as an exploratory hypothesis 

that was to be explored.  
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1.4.1 Aim 

The aim of this doctoral programme of work was to uHlise the experiences and 

recommendaHons of key stakeholders, to deliver a digital self-management 

intervenHon for the non-surgical treatment of Perthes’ Disease and to assess its 

usability and acceptability in preparaHon for a definiHve clinical trial.  

 

1.4.2 ObjecBves 

The objecHves were to: 

1. InvesHgate the experiences and understanding of children, their families, and 

clinicians when considering the non-surgical treatment of Perthes’ Disease.  

2. Develop clinical consensus recommendaHons for the non-surgical treatment 

of Perthes’ Disease 

3. Develop a theoreHcally grounded, evidence-based, digital self-management 

intervenHon (the NON-STOP app) for children with Perthes’ Disease and their 

families 

4. Test the acceptability and usability of the NON-STOP app for children with 

Perthes’ Disease and their families, and to clarify any methodological 

uncertainHes prior to the undertaking of a definiHve clinical trial. 

 

1.4.3 Exploratory hypothesis 

In order to demonstrate a working hypothesis for this project, an exploratory 

hypothesis was developed. Exploratory hypotheses are commonly used in research 

areas where there is limited exisHng knowledge or understanding, such as in the non-

surgical treatment of Perthes’ Disease [45]. Rather than making definiHve 

predicHons, this type of hypothesis seeks to idenHfy pa'erns, relaHonships or factors 

that may influence a phenomenon [46]. In the context of this research, which aimed 

to develop a digital self-management intervenHon for the non-surgical treatment of 

Perthes’ Disease, the following was proposed:  
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Through applica@on of a mix of research methods, it would be possible to 

develop and preliminarily test a digital self-management interven@on for the 

non-surgical treatment of Perthes’ Disease. 

 

1.5 Thesis structure 

The thesis is composed of seven chapters, with the content of chapters 2 to 7 

described below.  

Chapter two: NarraHve literature review 

In this chapter, a narraHve review of the literature regarding surgical and non-surgical 

treatment of Perthes’ Disease is provided and discussed in relaHon to this project. A 

review of the literature relaHng to the development of digital health intervenHons 

and the outcomes used in this project is also provided. The chapter concludes with a 

descripHon of the methodological approaches within this thesis, where an overview 

of each methodology used in the project is presented.  

 

Chapter three: Exploring the experiences and understanding of key stakeholders 

This chapter presents the first of the studies that took part in the doctorate, a 

qualitaHve study involving children with Perthes’ Disease, their families and the 

clinicians that care for them. Through qualitaHve interviews, the researcher presents 

their experiences and understanding of care regarding the non-surgical treatment of 

Perthes’ Disease. Here the parHcipants also discuss the potenHal direcHon for future 

care and discus posiHve elements that could be included in a digital self-management 

intervenHon for the non-surgical treatment of Perthes’ Disease. In reference to the 

MRC framework, this study maps to the “Developing the intervenHon” stage of the 

framework (shown in Figure 2.5). 
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Chapter four: Clinical consensus recommendaHons for the non-surgical treatment of 

Perthes’ Disease  

In chapter four, the second empirical chapter is presented. A modified Delphi study 

which resulted in clinical consensus recommendaHons for the non-surgical treatment 

of Perthes’ Disease. ParHcipants included children’s orthopaedic specialists from a 

range of disciplines including physiotherapists, surgeons and clinical nurse specialists. 

The parHcipants provided their level of agreement against 87 statements which were 

presented in an online survey, designed with a survey advisory group made up of 

experts in the field of children’s orthopaedics. The findings from this study devised 

the bulk of the clinical content for the digital self-management intervenHon. In 

reference to the MRC framework, this study maps to the “Developing the 

intervenHon” stage of the framework (shown in Figure 2.5). This, aher having re-

visited the “Core elements” and refined the programme theory.  

 

Chapter five: CreaHon of the digital self-management intervenHon: The NON-STOP 

app 

Chapter five presents the process through which the NON-STOP app was created. This 

presents the intervenHon development approach used to produce the digital self-

management intervenHon. The impact of psychological theories that underpin 

behaviour change are also discussed. Here the researcher also presents pracHcal 

consideraHons regarding the development of digital health intervenHons such as 

contracHng, procurement and user tesHng. Finally, pracHcal examples of how the 

findings from the project were translated into the NON-STOP app are provided along 

with images demonstraHng the intervenHon. In reference to the MRC framework, this 

study maps to the “Developing the intervenHon” stage of the framework (shown in 

Figure 2.5). This, aher having re-visited the “Core elements” and engaged 

stakeholders, idenHfied key uncertainHes and addressed economic consideraHons. 

 

Chapter six: TesHng the usability and acceptability of the NON-STOP app 
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Chapter six presents the third and final empirical study, a mixed-methods study to 

test the usability and acceptability of the NON-STOP app in a small number of children 

with Perthes’ Disease and their families. The study consisted of a before and aher 

observaHonal study, in which the NON-STOP app was given to children from three 

sites in the UK for six weeks. Outcomes were collected pre- and post-tesHng using 

online surveys and consisted of paHent-reported outcome measures and measures 

of usability. Data were also collected relaHng to their levels of use and engagement 

directly from the app. In order to provide a more detailed evaluaHon of the usability 

and acceptability, a nested focus group study took place. A sub-set of parHcipants 

who had used the NON-STOP app were invited to take part in focus groups to discuss 

their experiences of using the NON-STOP app. The discussions that took place were 

based on the findings of the before and aher observaHonal study relaHng to things 

like frequency of use and barriers and enablers to using the NON-STOP app. These 

findings were used to support refinements to the app content to improve its usability 

and acceptability. In reference to the MRC framework, this study maps to the 

“Feasibility” stage of the framework (shown in Figure 2.5).  

 

Chapter seven: Discussion 

In the final chapter, the project is concluded with a summary of the key findings 

presented and a revisit of the aims and objecHves of the project. The strengths and 

limitaHons of the doctoral programme as a whole are considered. The chapter 

considers the key points related to the challenges and opportuniHes concerning the 

further implementaHon of the NON-STOP app and the impact of the project as a 

whole on policy and pracHce. RecommendaHons for future research are presented by 

the researcher prior to a final conclusion of the study. 
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Chapter 2 – Narra1ve literature review 

2.1 Introduc,on 

In this chapter, the literature relevant to the management of Perthes’ Disease is 

reviewed, with a focus on the non-surgical treatment of Perthes’ Disease. Following 

this there is an overview of literature and evidence that was used to provide an 

understanding of key aspects of developing a digital self-management intervenHon 

for affected children. At the end of the chapter, a summary of the available evidence 

is provided as well as reference to the aims and objecHves of the thesis.  

 

2.2 Management of Perthes’ Disease 

IrrespecHve of the approach taken, the therapeuHc target when managing Perthes’ 

Disease is ‘containment’. Containment refers to maintaining the posiHon of the 

femoral head within the acetabulum, to reduce abnormal stresses to the femoral 

head which can cause deformaHon [47]. Containment is crucial in Perthes’ Disease, 

parHcularly in the early stages of the disease where the femoral epiphysis becomes 

necroHc and vulnerable to deformaHon. Maintaining containment allows the femoral 

head to re-ossify in the later stages of the condiHon in a posiHon that maximises joint 

congruency at skeletal maturity.  

Approaches for containment can be categorised into two key types, surgical 

containment and acHve containment. Surgical containment alters the anatomy of the 

hip joint to opHmise the posiHon of the femoral head within the acetabulum. Surgical 

approaches are discussed in more detail below. AcHve containment refers to non-

surgical approaches, which aim to keep the child acHve whilst ensuring that the 

femoral head remains well situated within the acetabulum. These are also discussed 

in more detail below.  
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2.2.1 Surgical management of Perthes’ Disease 

Surgical containment is most commonly done using a varus osteotomy to the femur 

[48]. In this approach the surgeon will make a cut to the femur and redirect the 

femoral head into the acetabulum at an angle to facilitate containment. This surgical 

approach is shown in Figure 2.1 [49]. The femoral osteotomy is held in place with 

metalwork unHl the bone heals. In this surgical method, the metalwork needs to be 

removed in a later operaHon. A key advantage of this operaHon relate to its familiarity 

in terms of surgical approach. The femoral osteotomy is commonly performed for 

children with orthopaedic disease such as neurological or neuromuscular condiHons, 

like cerebral palsy, in which hips can sublux or dislocate [50].  

Figure 2.1 – Varus osteotomy of the femur shown in radiographs* 

 

*Image from Joseph, B., Management of Perthes’ Disease. Indian J Orthop, 2015. 
49(1): p. 10-6. 

Changing the shape of the femur does result in some unintended consequences, such 

as a leg-length discrepancy, though studies with long-term data have demonstrated 

a shortening of only around 0.5cm at skeletal maturity in the affected limb [51]. 

Clinically, this level of shortening would not warrant further surgical intervenHon to 

correct and this has been discussed extensively in the literature [52]. A review in 2020 

compared outcomes of many studies and advised that for less than 1cm difference, 

no intervenHon was necessary. Long term data for varus osteotomy in children with 

Perthes’ Disease suggested that in certain groups of paHents (older children), the 

operaHon improved sphericity of the femoral head [53].  
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Another commonly used operaHon, is an acetabular shelf procedure, shown in Figure 

2.2 [54]. In this, changes are made to the acetabulum to provide more coverage to 

the femoral head [55]. It adheres to the same principles as a varus osteotomy, in 

minimising the stresses to a developing femoral head [56]. In this operaHon, a bone 

grah is harvested from the ilium and used to extend the lateral porHon of the 

acetabulum [57]. Increasing the coverage of the acetabulum allows the femoral head 

to remain within the socket of the joint, opHmising joint congruency as the femoral 

head remodels with reduced extrusion and increased sphericity [58]. 

Figure 2.2 – Shelf acetabuloplasty shown in radiographs* 

 

*Image from Parmen@er, C., et al., Shelf acetabuloplasty in Perthes’ Disease: 
comparison with nonopera@ve treatment. Current Orthopaedic Prac@ce, 2016. 27(4): 
p. 375-381. 

Surgical intervenHons involving bony changes are ohen combined with soh Hssue 

releases. Soh Hssue releases involve cuqng the tendons of muscles that may worsen 

extrusion of the femoral head due to being Hght. Whilst ohen combined with bony 

surgery, soh-Hssue release is someHmes done independent of bony surgery and 

combined with bracing or cast [59, 60]. The release of Hght structures is thought to 

improve the hip range of moHon (ROM) and opHmise containment. 
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2.2.2 Non-surgical treatment of Perthes’ Disease 

Non-surgical approaches aim to achieve containment of the hip joint without the use 

of surgery. Many approaches are focused on achieving and/or maintaining acceptable 

ROM to reach a desired level of containment. Non-surgical approaches include 

acHvity modificaHon, bed rest, bracing, casHng, tracHon and physiotherapy exercises. 

However despite many studies exisHng exploring the effecHveness of these methods, 

no clinical guidelines or robust evidence to direct non-surgical treatment exist.  

The aims and objecHves of this thesis have been described in Chapter one. Whilst 

these are related to the development and preliminary tesHng of an intervenHon for 

the non-surgical treatment of Perthes’ Disease, there was a decision-making process 

that took place prior to the development of the thesis aims and objecHves. This 

included exploring the available literature surrounding the non-surgical treatment of 

Perthes’ Disease. Prior to the commencement of this doctoral programme of work, 

the researcher completed a systemaHc review of the non-surgical treatment of 

Perthes’ Disease [34]. The review compared non-surgical approaches to each other, 

as well as to surgical intervenHons and also to no intervenHon. “No intervenHon” has 

been referred to as “acHve observaHon” or a “watch and wait” approach [29, 34] and 

refers to paHents who had no formal intervenHon which essenHally allowed the 

disease to run its natural course.   

A summary of these findings is provided below. Non-surgical approaches were 

categorised into two main groups. The first group invesHgated orthoHc intervenHons 

(such as casts, slings and braces), and the second group compared physical 

intervenHons (such as strengthening or stretching exercises).  

 

OrthoHc management  

The orthoHc management approach varied. Typically this was an orthoHc device to 

passively maintain abducHon of the hip, with the intenHon to maintain ROM at the 

hip, and opHmise containment. The systemaHc review included nine studies, which 

used four different orthoHc devices. Some studies were able to demonstrate similar 

radiological outcomes for children that were managed with either orthoHc 
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management or no/surgical intervenHon. However most presented no staHsHcally 

significant differences between the treatment groups in the primary outcomes 

(radiological). Secondary outcomes included ROM, gait disturbance and quality of life 

scores. There were no staHsHcally significant differences in these parameters 

between the group managed with orthoHc devices or no/surgical intervenHon.  

 

Physical intervenHon  

The review also demonstrated inconsistent results when comparing parHcipants 

treated using physiotherapy intervenHons (ROM and/or strengthening exercises) or 

weightbearing modificaHons in relaHon to radiological outcomes. These were related 

to funcHonal outcomes such as ROM and strength rather than radiological outcomes. 

For example, in the study by Brech et al, children who received a physiotherapy 

regime of stretching and strengthening exercises had improved levels of ROM and 

strength compared to those who received no intervenHon [61].  

 

Summarising the findings of the systemaHc review 

The systemaHc review was bound by two key factors that influenced the applicaHon 

of the findings. These were poor methodological quality of the included studies, and 

poor reporHng of the intervenHons used in the included studies.  

 

Each of the included studies were assessed using the Newcastle O'awa Scale (NOS) 

[62]. This assessment tool uses three domains: selecHon, comparability and outcome, 

to assess the quality and the risk of bias in non-randomised studies. Scores were 

presented on a scale of zero to eight, with a score of five or less indicaHng a moderate 

or high level of bias idenHfied. In this systemaHc review, more than half had a score 

of five or less. Most commonly, inadequate follow up and a lack of control for 

potenHal confounding was highlighted.  
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In the review, a similar methodological assessment, the Template for IntervenHon 

DescripHon and ReplicaHon (TIDieR) checklist was used to present the measure of 

completeness of intervenHon reporHng [63]. Using this tool, points were awarded to 

demonstrate that elements of the intervenHon have been described in the study, i.e., 

the higher the score, the more complete the reporHng. In this systemaHc review of 

non-surgical treatment of Perthes’ Disease, intervenHons were generally poorly 

described. Out of a maximum of 24 points, scores did not exceed 14. A lack of 

reporHng of the intervenHon materials and intervenHon dosage was a common 

concern.  

The issues that were observed in the review are not dissimilar to those presented in 

the small number of studies that have prospecHvely observed treatment approaches 

and are considered to be studies of importance in this populaHon [29]. In the study 

from Herring et al, which compared surgery, with no treatment, brace treatment and 

physiotherapy, there are issues with quality in terms of potenHal selecHon bias due 

to recruitment taking place at one centre with no randomisaHon. For example, there 

are risks that the included parHcipants do not demonstrate the paHent populaHon, 

and that factors such as disease severity or socioeconomic factors could influence 

results. Similarly with Schoenecker and Rich with the use of A frames (orthoses) and 

adductor tenotomy [64]. The treatment approaches used demonstrate reasonable 

clinical findings such as radiographic outcomes, however PaHent Reported Outcome 

Measures (PROMs) are not considered in either study. 

 

2.2.3 Summary of available evidence 

The issues presented in the available literature are consistent. There is no robust 

evidence to suggest that any non-surgical treatment method is superior to another. 

Given lack of robust evidence on the opHmal non-surgical management approach to 

Perthes’ Disease, this thesis sought the experiences and recommendaHons of key 

stakeholders, to idenHfy preferences to promote paHent self-management involving 

exercises and educaHon.  
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2.3 Developing a digital self-management interven,on for children 

There are no available studies describing the development of a self-management 

intervenHon for children with Perthes’ Disease. Literature searches to review 

evidence of similar studies with children with long-term musculoskeletal or 

orthopaedic condiHons also returned nothing. In the absence of evidence relevant to 

the paHent populaHon, literature exploring digital, self-management intervenHons in 

the child-health space were examined.   

As well as ensuring the methods adhered to the approach set out in this doctoral 

thesis, it was important to consider how the content of any intervenHon may be 

derived. It was also important to consider how any digital intervenHon may comply 

or hold relevance to organisaHons that produce clinical guidelines. An example 

relevant to this project is discussed below using the NaHonal InsHtute for Health and 

Care Excellence (NICE) evidence standards framework (ESF) for digital health 

technologies (DHT).  

 

2.3.1 Self-management 

Self-management has been defined as ‘the pracHce of acHviHes that individuals 

iniHate and perform on their own behalf in maintaining life, health and well-being’ 

[65]. In 2003, Lorig et al explored the history and mechanisms of self-management, 

highlighHng its importance in individuals with chronic condiHons, such as Perthes’ 

Disease, in managing one’s health [66]. The authors discuss behaviours that must be 

adopted in self-management, which include acHvity modificaHon, which is similar to 

this PhD, to develop a self-management intervenHon for children with Perthes’ 

Disease. The target behaviours for self-management were idenHfied using the studies 

in this programme of work, such as the first qualitaHve study, presented in Chapter 

three. This study produced insights from key stakeholders regarding elements of self-

management such as engagement with advice. Further behaviours were idenHfied in 

a clinical consensus study, presented in Chapter four, these behaviours included 

acHvity modificaHon, physical acHvity adherence (compleHon of physiotherapy 

exercises) and educaHon to enhance the individual’s understanding of the condiHon.  
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Self-management is relaHvely well accepted in healthcare, with organisaHons such as 

NHS England advocaHng its use in many long term condiHons [67]. Successful self-

management has the potenHal to maximise clinical outcomes for paHents, whilst 

reducing treatment costs in the long-term [68]. As well as system-level benefits, it 

also poses potenHal benefits for paHents with increased levels of independence and 

control of their condiHon. There are potenHal pi�alls, which include nonadherence, 

and in turn, poorer health outcomes. Striking a balance when designing and 

developing a self-management intervenHon requires consideraHon of a mulHtude of 

factors. One in parHcular, is ensuring that that the populaHon of interest is involved 

in the process at various stages of design, development and tesHng. 

Ohen self-management intervenHons focus on elements of care that can be carried 

out without medical supervision, but also require rouHne and frequent compleHon. 

It is, therefore, common in disciplines such as physiotherapy, in which self-

management i.e., home exercise programmes, are common pracHce [69]. Self-

management has also been effecHvely demonstrated in respiratory and cardiac 

condiHons [70, 71]. In these condiHons, self-management has included independent 

medicaHon administraHon. In Perthes’ Disease, there are no exisHng intervenHons 

designed for self-management. Typically children are reviewed with relaHvely long 

Hme periods between orthopaedic outpaHent appointments, ohen between three 

and six months. Providing a self-management intervenHon has the potenHal to 

address concerns and issues from children with Perthes’ Disease and their families, 

allowing them to have a more posiHve experience by independently managing their 

condiHon. 

Based on previously completed PPI work by the researcher, a digital self-management 

intervenHon for the non-surgical treatment of Perthes’ Disease was an appropriate 

step to take. Self-management in the context of the NON-STOP app is discussed in 

more detail in Chapter seven.  
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2.3.2 Digital intervenBons for physical acBvity in children 

Digital intervenHons are an increasingly popular method for improving health 

behaviours, including physical acHvity in children [72]. In order to develop an effecHve 

digital intervenHon, the content must be specifically designed to meet the needs of 

the users. In context to this doctoral programme of work, the digital intervenHon 

needed to align with the behaviours and moHvaHonal influences of both the children 

with Perthes’ Disease and their families, whilst being underpinned by an appropriate 

theory which is discussed in secHon 2.5. To do this, relevant literature on the 

development of digital intervenHons that impact physical acHvity in children was 

reviewed. The review highlighted essenHal components relaHng to content of 

intervenHons and methods used which promoted the desired outcome, such as 

increased levels of physical acHvity. Key elements such as barriers/enablers, fidelity 

and acceptability of digital intervenHons were also considered.  

An umbrella review by Mannocci et al [73] aimed to summarise the exisHng literature 

by reviewing systemaHc reviews of studies which targeted increased levels of physical 

acHvity in children. The review included sub-secHons Htled “Family and home seqng” 

and “e-Health intervenHons”, which are parHcularly relevant given the target 

populaHon (children with Perthes’ Disease and their families). Within the “Family and 

home seqng” secHon, the intervenHons described in four systemaHc reviews were 

not explicitly digital however did include key strategies that could be adapted for 

digital formats [74-77]. The strategies included goal seqng, posiHve reinforcement 

and educaHon, all of which align well with the theoreHcal underpinning of the project, 

parHcularly the Self DeterminaHon Theory (SDT) which is described in more detail in 

secHon 2.5. To summarise, the theory emphasises supporHng the autonomy, 

relatedness and competence of the individual in order to opHmise moHvaHon and 

lead to a sustained change in behaviour [78]. 

Within the “e-Health intervenHons” secHon, there were six systemaHc reviews which 

explored digital intervenHons targeHng parHcipants up to 18 years old [79-84]. Whilst 

the reviews did not include children with Perthes’ Disease, there were similariHes in 

the parHcipants from an ability perspecHve. The reviews included children who were 

generally mobile, and capable of increasing physical acHvity however did not meet 
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the recommended levels of physical acHvity. The studies involved various types of 

digital intervenHons, ranging from applicaHons designed to track or encourage 

acHvity [80-84] to web-based or mobile pla�orms which used reminders and prompts 

to encourage engagement with exercise rouHnes [79, 80, 82]. Each of the six reviews 

included step-count as a measure of acHvity, referencing the use of accelerometers 

to capture the data. AddiHonally, three reviews assessed intervenHon fidelity [81, 82, 

84], while four examined acceptability through the use of saHsfacHon quesHonnaires 

or other paHent-reported outcomes [81-84]. One review actually referenced the 

psychological theory used in this doctoral project, SDT [83]. The authors adapted 

elements of the theory into an outcome measure completed by parHcipants to assess 

criHcal moHvators such as enjoyment, autonomy, relatedness, and competency.  

Several of the reviews within the umbrella review idenHfied barriers and enablers to 

intervenHon adherence, which were an important consideraHon in this doctoral 

project. For instance, Lau et al discussed barriers related to behavioural factors 

impacHng engagement with the intervenHon [80]. McIntosh et al highlighted school 

obligaHons as a potenHal barrier to increasing physical acHvity levels in secondary 

school students [81]. Finally Monroe et al found that two or fewer noHficaHons per 

day were perceived as an enabler, improving engagement without overwhelming the 

user [82]. Once again, these insights were useful in the development of a digital self-

management intervenHon for children with Perthes’ Disease and their families. They 

informed pracHcal decision choices including goal seqng, posiHve reinforcement and 

reminders to engage with the intervenHon.  

Quality assessment of the systemaHc reviews included in the umbrella review by 

Mannocci et al was conducted using Assessing the Methodological Quality of 

SystemaHc Reviews (AMSTAR) [85]. AMSTAR is a widely accepted tool for this process 

[86, 87]. In the umbrella review, Mannocci et al did idenHfy low methodological 

quality in the majority of the included studies. Whilst there is an argument that this 

invalidates the findings, there are sHll contextual benefits to the umbrella review such 

as using insight from applying approaches from studies that have focused on 

moHvaHon and posiHve reinforcement in digital intervenHons [83]. The low quality 

also led to the authors highlighHng the need for more rigorously designed studies 
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when evaluaHng digital intervenHons, which was helpful in the design of this doctoral 

project. ParHcularly given that the findings from this umbrella review were largely to 

understand the work that had taken place and provide a degree of guidance rather 

than use as conclusive evidence. 

The collecHve findings suggest that digital health intervenHons may have potenHal to 

be effecHve in increasing physical acHvity levels in children. The key strengths are that 

in the development and review of intervenHons, theoreHcal underpinning was 

present. There were limitaHons including methodological quality, and also that the 

included studies did not include any detailed descripHons of user experiences and 

intervenHon components. All of which reinforced the need to incorporate this in the 

development of the NON-STOP app. Overall, the umbrella review confirmed that 

there are no proven frameworks for the development of digital intervenHons for 

children with Perthes’ Disease. That being said, there were some meaningful insights 

to be drawn from the work by Mannocci et al relaHng to components of the digital 

self-management intervenHon for the non-surgical treatment of Perthes’ Disease. 

These included the consideraHon of usability and acceptability assessment 

approaches and barriers/enablers to engagement with the intervenHon in the 

feasibility study in Chapter six.   

 

2.3.3 NICE Evidence Standards Framework for Digital Health Technologies 

In 2019 NICE released the first iteraHon of the Evidence Standards Framework (ESF) 

which provided standards to allow people to evaluate Digital Health Technologies 

(DHT) in relevant seqngs [88]. Since the outset of this doctoral project in 2021, it has 

undergone two reviews with subsequent feedback from stakeholders. The latest 

version of the ESF, updated in 2022, was completed to update the framework in order 

to include arHficial intelligence work [89]. The aim of the framework is to describe 

the evidence that should be produced in order to demonstrate the value of a DHT has 

within the UK healthcare system. There is guidance within the framework on how to 

apply these standards to any given DHT, in this case, a digital self-management 

intervenHon for children with Perthes’ Disease.  
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The iniHal step is the ESF process is to idenHfy the classificaHon that best describes 

the funcHon of the DHT. For instance, in this project, the DHT includes elements of 

behaviour change and self-management, which means that the DHT sits in Her 3a 

[89]. This classificaHon then determines the evidence standards required, which are 

divided into “minimum evidence standards” and “best pracHce standards”. These 

include elements such as “use of appropriate behaviour change techniques” and 

“demonstrate acceptability with users”. Aher idenHfying the evidence for 

effecHveness standards, contextual quesHons are asked to idenHfy any risks within 

the DHT. There are quesHons about the populaHon of interest, quesHons about 

consequences of a DHT that does not perform and any financial or pracHcal burdens 

of the DHT. In the context of this project, the risks were low. Whilst children are 

classed as a vulnerable group, which can have inherent risks, miHgaHons were put in 

place. The miHgaHons included regular engagement with PPI and meeHngs with PAG 

members during the project to discuss their feelings towards the DHT. This plan was 

informed by PPI work carried out by the researcher prior to the start of the doctorate.   

It is important to note, that any DHT which classifies into a Her, must also meet the 

criteria of the Hers above. For instance, the DHT in this project, the NON-STOP app, 

classified as Her 3a, so needed to meet the necessary criteria for Her 3a, but it also 

met the criteria for Hers 1 and 2. There is an extensive list of evidence categories 

within Her 1 and Her 2, those most perHnent to this project are, credibility with UK 

healthcare professionals, relevance to healthcare pathways in the UK health system, 

producHon of reliable and consistent evidence and safeguarding. In Chapter five there 

is a clear explanaHon of how the NON-STOP app meets the criteria of Hers 1 to 3a and 

provides evidence of compliance with the ESF. Whilst the ESF is ohen used to evaluate 

the DHT, for the purpose of this project it was used to influence the development. 

That is to say that the guidance helped ensure that the digital intervenHon met the 

necessary standards to be described as Her 3a. 
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2.4 Outcome measures 

In order to produce valid, reliable and meaningful results from any clinical research, 

the outcome measures used were chosen carefully. In child-health parHcularly, 

outcomes are complex, especially when considering paHent-reported outcome 

measures (PROMs). In this secHon the challenges and decisions that the researcher 

faced when selecHng outcome measures are discussed. 

 

2.4.1 Development of a Core Outcome Set 

A Core Outcome Set (COS) is an agreed, standardised group of outcomes that are to 

be reported in any trials in a given research field [90]. They are designed using a set 

process which involves the inclusion of relevant stakeholders such as clinicians, 

members of the public and paHents to select outcomes of importance to a chosen 

populaHon [91]. The NIHR have clear guidance for their funding streams that it is best 

pracHce to have key stakeholders involved in the development of, or selecHon of 

outcomes used in research [92]. This guidance is compounded by the suggesHon from 

the NIHR to uHlise COSs where they have been established [93]. One benefit of using 

a COS is that any trials in a chosen condiHon or populaHon report findings that can 

be compared with other trials to produce outputs such as meta-analyses. Another is 

that trials report outcomes that are thought to be of the upmost importance to the 

people that are most affected by the condiHon/topic being researched. These 

benefits have been highlighted by the trauma and orthopaedic populaHon and are 

recommended by many when considering research studies, and also research 

programmes [94]. 

Prior to the start of this doctoral programme, the researcher, as well as a member of 

the wider research team (Prof D Perry, Consultant Children’s Orthopaedic Surgeon) 

were involved in the development of a COS for Perthes’ Disease [95]. The 

development group included clinicians from around the world, along with paHent and 

family stakeholders and other key stakeholders; such as charity involvement from the 

Perthes’ AssociaHon UK (later dissolved with their work conHnued by STEPS 

worldwide). Through robust methods, guided by the Outcome Measures in 
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Rheumatology (OMERACT) guidelines [96], a review of the literature took place, 

followed by a consensus (Delphi) study and stakeholder meeHngs. The result was a 

list of 14 outcomes that were considered the minimum to be measured in high quality 

studies involving children with Perthes’ Disease [95].  

The systemaHc review idenHfied a large number of outcomes reported in the studies 

that had taken place in the search period (1990-2017). The lack of consistent 

outcomes measured means that producing meaningful conclusions from systemaHc 

reviews is difficult, and meta analyses are all but impossible. The work be Leo et al 

demonstrated the need for a set list of outcomes to be measured in future research 

[95].  

Included in the COS are outcomes related to paHent-reported outcomes focused on 

pain, quality of life, sleep, educaHonal parHcipaHon and mobility. There are also 

clinical measures, such as radiographic progress, and the financial burden of illness 

to families and the healthcare system. Considering the results of this COS in the 

context of this thesis, whilst the projects did not involve a trial, the domains within 

the COS were important to consider. With that in mind, all domains were considered, 

and included, parHcularly in the mixed-methods study in Chapter six where more 

detail for the included outcome measures can be found. 

 

2.4.2 The PaBent-Reported Outcomes Measurement InformaBon System 

PROMs are also recommended by organisaHons like NIHR [93]. Work has been 

completed by NIHR Biomedical Research Centres to highlight the need, and provide 

guidance on how to use of PROMs in clinical trials [97]. In 2018 Calvert et al produced 

guidelines for the inclusion of PROMs, with a specific focus on outcome content. 

Whilst not specific to child-health research, the conclusions from this work draw upon 

similar elements to that recommended by the NIHR. PROMs help to ensure that the 

findings of health research are important to those involved, and can in turn inform 

paHent centred care. They are therefore strongly recommended as part of health and 

care research. 
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The PaHent-Reported Outcomes Measurement InformaHon System (PROMIS) was 

developed to create reliable measures of paHent-reported health status [98]. The 

measures report across physical, mental and social wellbeing. Domains and are used 

in various health condiHons including paediatric condiHons [99, 100]. PROMIS allows 

researchers to capture outcomes that are important to both clinicians and paHents. 

A key strength of the measures included within PROMIS, is that they employ item 

response theory (IRT) [101]. IRT can reduce burden for those compleHng an outcome 

measure, while maintaining measurement accuracy. The theory is made up of 

mulHple principles, with each quesHon (item) within the measure evaluated based 

on the difficulty and how well it measures its intended construct. This is explained in 

more detail below with an example relevant to this project.   

The tool that is of parHcular relevance for Perthes’ Disease is PROMIS Mobility 

(Appendix A). This outcome measure reports on physical funcHon tasks such as “I 

could get up from the floor” and “I could ride a bike” and asks for a response on a 

Likert scale from “with no trouble (5)” to “not able to do (1)”. It can be completed by 

the child, or a proxy version is available for parents of children who are unable to 

complete the measure.  

As outlined above, IRT is an important element of PROMIS tools, and PROMIS 

Mobility exemplifies this. The measure can be carried out using a Computer AdapHve 

Test (CAT) which selects or deselects quesHons based on the response from the user. 

For example, if when compleHng the PROMIS Mobility, a user reports that they could 

“I could run a mile with no trouble”, the CAT version of PROMIS Mobility would avoid 

responses to statements like “I could move my legs”. The staHsHcal analysis for 

PROMIS Mobility is discussed in more detail in Chapter six where it was used as part 

of the usability and acceptability study of the digital self-management intervenHon. 

However, it is important to note that because of the IRT, the scores that are generated 

from the measure remain accurate due to each item being calibrated against a 

populaHon mean. 

In 2020, the InternaHonal Perthes’ Study Group (IPSG) conducted a mulH-centre 

validity study [102]. The authors concluded that the PROMIS Mobility score has 

construct validity in measuring the Health-Related Quality of Life (HRQoL) of children 
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in varying stages of Perthes’ Disease. In 2021, the PROMIS Mobility score was used to 

assess the hip funcHon of adolescents previously affected by childhood hip condiHons 

[103]. The majority of the included parHcipants (232/266, 87.2%) had Perthes’ 

Disease. Luo et al demonstrated construct validity of PROMIS Mobility, with a strong 

correlaHon between PROMIS Mobility and other PROMs.  

In conclusion, PROMIS Mobility provides a robust and paHent-centred approach to 

assessing physical funcHon in Perthes’ Disease and has been validated in the paHent 

populaHon. Along with its alignment with the COS described earlier, this makes 

PROMIS Mobility well suited for inclusion in this doctoral project.   

 

2.5 Methodology 

This doctoral programme of work employed a mix of methods over its course. This 

method aligns well with the pragmaHc approach that has been taken during this PhD. 

The following secHon outlines the methodological approaches taken at each of the 

various stages of the project. There is study-specific detail in each of the subsequent 

chapters, however this secHon provides an overview of the methods used and 

jusHficaHon. This starts with a secHon describing the psychological theory that 

underpins the project.  

2.5.1 TheoreBcal underpinning of thesis 

The methods employed throughout the duraHon of this project were based on two 

key theories, the Self DeterminaHon Theory (SDT) and Socio-Ecological Model (SEM). 

Both theories consider moHvaHon and the factors affecHng the behaviours and 

acHons of people.  

 

2.5.1.1 Self DeterminaHon Theory 

Given that the overall project aims are to develop a digital intervenHon to promote 

engagement in exercise and physical acHvity for these children, this study draws upon 

SDT, shown in Figure 2.3 [78]. This psychological theory is intended to explain how 
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individuals adopt and/or maintain behaviours. This theory states that moHvaHon is 

linked to the level of three ‘psychological needs’: autonomy, relatedness and 

competence [104]. 

Figure 2.3 – Diagram illustraHng the key concepts of Self DeterminaHon Theory* 

 

*Reproduced from Teixeira, P.J., et al., Exercise, physical ac@vity, and self-
determina@on theory: A systema@c review. Interna@onal Journal of Behavioral 
Nutri@on and Physical Ac@vity, 2012. 9(1): p. 78.  

SDT has been used to support the design of health promoHon intervenHons targeHng 

physical acHvity and exercise in children, and such intervenHons have been shown to 

be effecHve in the improvement of physical acHvity outcomes. SDT proposes that 

focus on the importance of intrinsic moHvaHon is beneficial for exercise and physical 

acHvity [105]. Previous literature demonstrates success in terms of increased levels 

of exercise and physical acHvity and exercise when the ‘psychological needs’ have 

been addressed [106, 107]. Autonomy has been demonstrated in studies in which 

children and adolescents have designed their own physical acHvity regime, not 

dissimilar to approaches used in self-management. This was found to increase levels 

of autonomy and enjoyment [108]. Higher levels of competence and relatedness has 

proven to influence enjoyment in PE in an educaHonal seqng (exercise) where 

children are in a moHvaHonal environment, surrounded by others compleHng similar 

tasks. 
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2.5.1.2 Socio-Ecological Model 

Whilst SDT is the primary theory underpinning this study, it will be further informed 

in part by the Socio-Ecological Model (SEM) of behaviour [109]. Although SDT seeks 

to explain the factors moHvaHng behaviour change at the level of individuals, SEM 

has the advantage of placing more explicit emphasis on the importance of 

environmental factors in which behaviour takes place. This is of parHcular importance 

given that Perthes’ Disease is more prevalent in socio-economically deprived 

children/communiHes. Although five levels of intervenHon are idenHfied in SEM (see 

Figure 2.4), in this study there was a focus on three levels: the child (applying SDT); 

interpersonal factors (e.g., role of family and peers), and organisaHonal factors (e.g., 

availability of home and local community environments to support physical acHvity) 

which might impact on the self-management of Perthes’ Disease. 
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Figure 2.4 – The Socio-Ecological Model of behaviour* 

 

 

 

*Reproduced from Mehtälä, M.A.K., et al., A socio-ecological approach to physical 
ac@vity interven@ons in childcare: a systema@c review. Interna@onal Journal of 
Behavioral Nutri@on and Physical Ac@vity, 2014. 11(1): p. 22. 

The benefits of an integrated theoreHcal approach to intervenHon design, combining 

SDT with SEM, have previously been demonstrated for an intervenHon targeHng 

physical acHvity promoHon in adolescents [108]. Indeed, it is widely recognised now 

that theory integraHon is encouraged, as it can reduce the redundancy when applying 

two or more relevant theories and uHlise the strengths of specific theories. Zhang and 

Solmon suggest that the integraHon of SDT and SEM can provide a unique insight into 

ways of structuring a supporHve environment and build comprehensive intervenHons 

to increase physical acHvity engagement [110]. 

 



 
 

33 

2.5.2 Chapter three – Exploring the understanding of key stakeholders 

In Chapter three, semi-structured interviews took place with key stakeholders to gain 

an understanding of their experiences of care, and gain insight into what future care, 

including self-management, should include. The key stakeholders included children 

with Perthes’ Disease, their families and clinicians who provide care for them. 

Interviews took part with children/family members as pairs, referred to as dyads, and 

took part with clinician parHcipants as one to one interviews. The data collected as 

part of the interviews in this study were analysed using the Framework Method [111].  

 

2.5.2.1 Interviews with children 

Gaining informaHon from children is something not commonly done in qualitaHve 

health research. There are specific challenges that include a variaHon in language 

skills and communicaHon abiliHes that change depending on the age of the child. 

Other challenges include engagement and rapport building with the child. All of these 

come with inherent risks methodologically. It is important to ensure that the seqng 

and methods are opHmised to make the child feel comfortable and willing to engage 

[112].  

It is possible to suggest that other methods could have been used, both in terms of 

data collecHon and analysis. For instance, in data collecHon, focus groups would have 

minimised data collecHon Hme by bringing parHcipants all together at once, which 

has Hme and cost benefits to the researcher [113]. A focus group approach also has 

the potenHal for parHcipants to generate ideas and explore their feelings in a self-

moHvaHng way as they share lived experiences with each other. Whilst focus groups 

do pose logisHcal benefits for the researcher, it is important to understand the 

associated limitaHons. Focus groups rely on parHcipants being in the same place, at 

the same Hme, responding to the same quesHon(s). Similar to the logisHcal benefits, 

there are also logisHcal difficulHes with arranging the focus groups, parHcularly when 

involving children from a range of geographical locaHons. More commonly associated 

with focus groups, is the risk that parHcipants feel uncomfortable sharing and 

engaging fully in the group discussions. This is parHcularly common when discussion 
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involves sensiHve topics, common in health research [114]. In the context of this 

study, it is reasonable to suggest that feeling uncomfortable was a real possibility 

when asking children to discuss their experiences of care in front of other children 

and families. It is also reasonable to suggest that other methods of data collecHon 

within interview-type seqngs could have been used with children.  

Previous qualitaHve research used in child-health research has employed methods 

such as having children draw pictures relaHng to their answers and photo elicitaHon 

[115, 116]. These methods allow interviewers to build rapport well with children by 

asking them to express their feelings through play and creaHve acHviHes. It can make 

them feel more involved and build rapport. However, these methods have limitaHons 

including, but not limited to Hme and addiHonal resources [117]. They also require 

the experHse of researchers conducHng the interviews, which was not realisHc in the 

scope of the interviewer’s experience level at the Hme of data collecHon [118].  

 

2.5.2.2 The Framework Method 

Framework Method, someHmes referred to as the ‘Framework Approach’ was 

developed in the 1980s and was originally used as a way to analyse data from applied 

policy research. Its development was based on commissioned briefs within social 

research [119]. It provides a targeted way to analyse qualitaHve data using a structure 

in which data can collected, then analysed through categorisaHon into codes that 

relate to the study aims and objecHves. This can then allow the researchers to 

translate the data collected into a conceptual explanaHon of what is being explored 

[120]. There are discrepancies within the literature regarding the number of analyHc 

stages that exist in the Framework approach [111] however, they have been 

simplified into five data analysis processes since their iniHal development [121].  

1. FamiliarisaHon – in the first stage of the analysis the researcher 

familiarises themselves with the data and begins idenHfying topics of 

interest, that are typically recurrent across the data, and then organising 

these to create code names.  
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2. Coding – the next stage of the analysis organises the data. Aher becoming 

familiar with the data and idenHfying themes, the theoreHcal framework 

is constructed by applying code names. It is worth noHng that the 

Framework approach sHll allows for emergent themes.  

3. Indexing – the secHons of the data are then labelled according to their 

themes. This can be done using numbers or words, or even phrases to best 

idenHfy the data. 

4. CharHng – this stage involves rearranging the data to create order. This 

typically involves the creaHon of a table using the code names to display 

the theoreHcal framework to be applied to the data. This ohen involves 

summaries that explain the theme and can include excerpts.  

5. Mapping and interpretaHon – in the final stage of the analysis, the table is 

used to invesHgate the relaHonship between the themes and the data. 

This is regularly done using data management sohware to categorise the 

data into codes/themes for easier analysis. At this point, the analysis can 

be interpreted effecHvely.  

 

The Framework Method suited the semi-structured interview study because it is 

designed to structure data collecHon and analyse data sets that have similar topics or 

key issues that parHcipants will offer an opinion on or describe [111]. For instance in 

this study, the topic guide was pre-populated reflecHng PPI acHvity and theoreHcal 

basis from previous work. This preparatory acHvity pre-specified a structure on the 

data. The parHcipants were asked quesHons that aimed to have them describe their 

experiences of clinical care as clinicians delivering care, or as paHents/families 

receiving care. It is possible to suggest that a limitaHon to the Framework Method is 

that the coding framework can be limited or constrained by the theoreHcal 

underpinning. For example if the theory does not cover aspects of the data that may 

emerge, it can be difficult to facilitate codes that are not included within the theory. 

That being said, within this study, the theories used were selected based on previous 

work in the subject area. The method also suits the pragmaHc approach taken within 

the PhD, but more specifically within this qualitaHve study. The Framework Method 

imposes a structure, but also allows new themes to emerge through the analyHc 
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approach. The approach balances a deducHve approach, in which the individual 

explores the elements of the framework, with an inducHve analysis, which includes 

new emerging themes from the data [122]. It has been described as ‘not aligned with 

a parHcular epistemological, philosophical or theoreHcal approach’ and rather a 

flexible tool for qualitaHve studies that generate themes, which this study does.     

There are other data analysis methods that could have been employed in this study. 

Two commonly used are content and themaHc analysis. Content analysis examines 

data and idenHfies the presence of certain words, subjects or concepts. It can be 

effecHve if the data collecHon was carried out in an a'empt to assess answers that 

are likely to include a certain topics/phrases, for example, as recorded in free-text 

responses in surveys or quesHonnaires [123]. This method can lead to a reducHve 

approach to managing the data, in only looking for the presence of concepts/certain 

topics [124]. This was not the aim of this study, which was exploratory in nature, 

which was an element of the raHonale for opHng for the Framework Method. Unlike 

content analysis, themaHc analysis does allow the analyst to infer and interpret the 

data in more detail [125, 126]. It is possible consider the thoughts and feelings of the 

parHcipants with more depth. It does so by focussing on the experience of the 

parHcipant. In the context of this study, this was not necessary given the uHlisaHon 

of previous work, PPI input and the developed topic guides providing a clear aim and 

set of objecHves to inform the development of a digital intervenHon.   

The Framework Method finds itself somewhere between these two approaches in 

that it has coding that are informed by literature and theory. This directs the interview 

quesHons, yet the analysis is sHll inducHve. Having coding that is amenable to change 

allows for a more realisHc data collecHon and analysis from the parHcipants [111].   

 

2.5.3 Chapter four – Clinical consensus on non-surgical treatment of Perthes’ 

Disease 

A modified Delphi study was conducted in Chapter four and used to produce clinical 

consensus recommendaHons for the non-surgical treatment of Perthes’ Disease. 

Delphi studies are one method of ascertaining consensus. There are, however, 



 
 

37 

alternaHve methods that can be employed. The most common are Consensus 

Development Conferences, the Nominal Group Technique (NGT) and RAND University 

of California Los Angeles (UCLA) appropriateness method (RAM). 

Consensus Development Conferences are one-off, face-to-face sessions where a 

panel of experts are presented with the available evidence on a topic [127]. The 

evidence is then reviewed separately, and consensus statements are produced by the 

expert panel. Benefits of this method include efficiency in terms of geqng consensus 

statements quickly aher posing them to the expert panel. The downside to this 

method is that there is ohen a lack of definiHon of what consHtutes consensus which 

could impact the validity of the results. Similarly, an open-panel can ohen have social 

implicaHons where less-forthcoming individuals may not share opinions, and vice 

versa which introduces a risk of bias. There are also significant cost implicaHons in 

terms of travel and organisaHon. The consistency of the steps within this method is 

an issue affecHng the validity of the results. It has been recommended that 

formalising the process is necessary to improve the validity of results [128]. 

NGT involves experts meeHng with an independently generated list of 

statements/ideas. The list is then combined with the other experts on the panel by a 

moderator and rounds of ranking and prioriHsaHon take place unHl a pre-determined 

cut off is achieved [129]. The benefits of this include anonymity which reduces bias 

and, in contrast to Consensus Development Conferences, allows less-forthcoming 

individuals to contribute confidently and anonymously [127]. It has been used in a 

similar paHent populaHon [130]. That being said, it is also expensive and complex to 

organise due to the face-to-face format. 

The most similar to Delphi methods is RAM, which is said to combine elements of 

NGT and Delphi methodology [131]. This method is parHcularly useful for topics that 

have exisHng evidence base due to the requirement of evidence briefing and review 

which informs the survey/scenarios presented to panel members [132]. The 

survey/scenarios are then reviewed independently, minimising the risk of bias and 

given an ‘appropriateness’ raHng. Aher this, a meeHng of the panel takes place to 

discuss group scores. Then finally, a final anonymous round of raHng for 

‘appropriateness’ with median scores used to decide the appropriateness of a certain 



 
 

38 

statement. Previously it was necessary to meet face-to-face for RAM methods, 

however this has changed with technological advances allowing online meeHngs to 

facilitate the discussion of group scores [133]. The major limitaHon for RAM is the 

challenging language used, parHcularly in context to this study in which labelling a 

treatment approach as ‘inappropriate’ has connotaHons of unsafety in the clinical 

seqng. The Delphi method allows more flexibility in this domain. A summary of the 

alternaHve consensus methods available are seen in Table 2.1. 

Table 2.1 – Summary of consensus methods 

Method Sample Remote 
delivery 

Evidence 
presented 

Major 
strength 

Major  
limita.on 

Delphi [134-
137] 

6-
3000+ 

Yes OpHonal Possibility of 
large sample 

Long Hme to 
complete 
compared 
with other 
methods 

Consensus 
development 
conference 
[127, 128] 

5-10 No Yes Promotes 
discussion 
and debate 

Risk of bias 
with under-
represented 
panellists 

Nominal Group 
Technique [129] 

5-9 No OpHonal Equal 
opportunity 
for panellists 
to present 

Expensive to 
arrange face-
to-face 

RAND UCLA 
Appropriateness 
Method [131-
133] 

7-15 Yes Yes  Mandatory 
use of 
evidence 
synthesis 

Challenging 
language in 
method 

 

The methodology also offers a certain degree of flexibility for the researchers using it 

compared to other methods such as the RAND UCLA method in which the 

methodology is very strict. The term ‘modified’ Delphi study has become more 

common in consensus studies, parHcularly when aiming for clinical consensus on 

management of a condiHon [134, 135, 137]. There is, however, very li'le in the way 

of describing what consHtutes a ‘modified’ Delphi study, one common theme in a 

‘modified Delphi’ is that there is a steering group for the design of the survey and a 
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pre-determined number of rounds [136]. This study was a modified Delphi study and 

employed similar methods for survey design, which is discussed in Chapter four.  

 

2.5.4 Chapter five – Producing the digital self-management: The NON-STOP 

app 

In Chapter five, the development process that took place when creaHng the NON-

STOP app is designed. The methods here relate to the intervenHon development 

approach used. Further study-specific detail is presented in Chapter five. 

 

2.5.4.1 Approaches to intervenHon development 

Previous methodological research has summarised the various approaches available 

in intervenHon development [138]. In 2019 O’Cathain et al published a systemaHc 

methods overview (SMO) of the methods used to develop complex intervenHons in 

applied health care seqngs [138]. The authors, following a robust guidance for 

undertaking SMOs [139], presented a taxonomy of approaches to intervenHon 

development, divided into eight categories (Table 2.2). This taxonomy allows users to 

understand the various stages of intervenHon development as well as evaluaHon and 

implementaHon.  

For the development of the NON-STOP app, a combined approach of the Medical 

Research Council (MRC) framework for developing and evaluaHng complex 

intervenHons (hereaher referred to as the ‘MRC Framework’) and the Behaviour 

Change Wheel (BCW) was used. A combined approach is common in applied health 

seqngs [138, 140]. The overlap of approaches is something that O’Cathain et al 

discuss as a limitaHon to the taxonomy they have produced, staHng that many of the 

approaches are similar. The choice to combine approaches aligns well with the 

pragmaHc approach of the researcher shown in Chapter one.  

Choosing a single approach to intervenHon design for children with Perthes’ Disease 

that explicitly incorporates their views and experiences was deemed necessary, but 

not sufficient. For example, the approach allowed the researcher to incorporate the 
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views of the children with Perthes’ Disease and their families. Combining with the 

MRC framework and BCW provided comprehensive theoreHcal and evidence-based 

rigor; both approaches are complimentary, incorporaHng user input in the 

development process, but also place equal value on using the best available evidence 

and theory to opHmise this process. The MRC Framework maps out the stages of 

intervenHon development and evaluaHon, including reference to theory and 

evidence. The BCW provides addiHonal theory to enhance understanding of 

intervenHon components which cannot be found in the MRC Framework. A combined 

approach in this instance ensured that the NON-STOP was grounded in the best 

available theory and evidence whilst sHll considering the views of the key 

stakeholders. 

It would have been possible to select another intervenHon development approach 

from the many different opHons described in the taxonomy, but it is beyond the scope 

of this thesis to criHcally appraise each one [138]. Each has their own strengths and 

limitaHons. However, two alternaHve approaches were considered more fully but not 

adopted in the development of the NON-STOP app. ‘Partnership’ approaches 

(Category 1), which involve intervenHon-users throughout the development process, 

share a central feature that users have at least equal decision-making powers to the 

research team. Co-producHon has proven effecHve in the design and implementaHon 

of school-based public health intervenHons [141, 142]. The limitaHons around this 

method relate to difficulHes in ensuring evidence-based content. There are risks of 

co-produced materials lacking clinical credibility, or even the potenHal to deviate 

from clinical pracHce. With regard to the NON-STOP app, whilst app users needed to 

be acHvely involved in the app design through PPI engagement acHviHes, it must be 

acknowledged that there were important clinical consideraHons related to app 

content (i.e. clinical consensus study findings) that might over-ride paHent 

preferences (e.g. if relaHng to paHent safety or availability of clinical support). 

Similarly, there were other theory and evidence-based approaches (Category 3) that 

could have been selected but were not. One example considered was intervenHon 

mapping, an approach effecHvely used in public health contexts [143]. IntervenHon 

mapping describes six detailed stages from the design and development of the 
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intervenHon through to its implementaHon. Whilst shown to be effecHve (e.g. the 

development of self-management intervenHons relaHng to physical acHvity [144]), 

intervenHon mapping is relaHvely resource-intensive, and at Hmes each stage can be 

somewhat prescripHve [138]. It might also be argued that the MRC Framework 

includes many of the steps described within intervenHon mapping, but affords 

greater flexibility in their applicaHon. 

Table 2.2 – Taxonomy of approaches to intervenHon development* 

Category INDEX team defini.on Defined approach 
1. Partnership The people for whom the 

intervenHon aims to help are 
involved in decision-making 
about the intervenHon 
throughout the 
development process, 
having at least equal 
decision-making powers 
with members of the 
research team 

Co-producHon, co-creaHon, 
co-design, co-operaHve 
design 
User-driven 
Experience-based co-design 
(EBCD) and accelerated EBCD 

2. Target 
populaHon-
centred 

IntervenHons are based on 
the views and acHons of the 
people who will use the 
intervenHon 

Person-based 
User-centred 
Human-centred design 

3. Theory and 
evidence-based 

IntervenHons are based on 
combining published 
research evidence and 
formal theories (e.g. 
psychological or 
organisaHonal theories) or 
theories specific to the 
intervenHon 

MRC Framework for 
developing and evaluaHng 
complex intervenHons 
Behaviour-change wheel 
(BCW) 
IntervenHon mapping (IM) 
Matrix AssisHng 
PracHHoner’s IntervenHon 
Planning Tool (MAP-IT) 
NormalisaHon process 
theory (NPT) 
TheoreHcal domains 
framework (TDF) 
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4. 
ImplementaHon-
based 

IntervenHons are developed 
with a'enHon to ensuring 
the intervenHon will be used 
in the real world if effecHve 

Reach, EffecHveness, 
AdopHon, ImplementaHon, 
Maintenance (RE-AIM) 

5. Efficiency 
based 

Components of an 
intervenHon are tested using 
experimental designs to 
determine acHve 
components and make 
intervenHons more efficient 

MulHphase opHmizaHon 
strategy (MOST) 
MulH-level and fracHonal 
factorial experiments 
Micro-randomisaHon trials 

6. Stepped or 
phased based 

IntervenHons are developed 
through emphasis on a 
systemaHc overview of 
processes involved in 
intervenHon development 

Six essenHal Steps for Quality 
IntervenHon Development 
(6SQUID) 
Five acHons model 
Obesity-Related Behavioural 
IntervenHon Trials (ORBIT) 

7. IntervenHon-
specific 

An intervenHon 
development approach is 
constructed for a specific 
type of intervenHon 

Digital (e.g. Integrate, 
Design, Assess and Share 
(IDEAS)) 
PaHent decision support or 
aids 
Group intervenHons 

8. CombinaHon ExisHng approaches to 
intervenHon development 
are combined 

ParHcipatory AcHon 
Research based on theories 
of Behaviour Change and 
Persuasive Technology (PAR-
BCP) 

*Table adapted from O'Cathain, A., et al., Guidance on how to develop complex 
interven@ons to improve health and healthcare. BMJ Open, 2019. 9(8): p. e029954. 

 

  



 
 

43 

2.5.4.2 MRC Framework 

The MRC produced an updated framework for developing and evaluaHng complex 

intervenHons in 2021 [44], broadly describing the development of an intervenHon in 

four phases (shown in more detail in Figure 2.5):  

- IntervenHon development (or idenHficaHon) 

- Feasibility tesHng 

- EvaluaHon  

- ImplementaHon 

A focus of the MRC guidance is to consider the dynamic relaHonship of the 

intervenHon and its context. To do this, the guidance encourages the user to consider 

six core elements at each phase. At this point the research team can decide whether 

to proceed to the next phase, return to or repeat a phase, or stop the project. This 

iteraHve approach allows regular review of the core elements at each stage, as seen 

in Figure 2.5 below. These core elements are reviewed in more detail with specific 

examples relaHng to the NON-STOP app in Table 5.1.
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Figure 2.5 – The MRC Framework for developing and evaluaHng complex intervenHons* 

 

 

*Reproduced from Skivington, K., et al. (2021). "A new framework for developing and evalua@ng complex interven@ons: update of Medical 

Research Council guidance." BMJ 374: n2061. 



 
 

 
 

45 

2.5.4.3 Behaviour Change Wheel 

First described in 2011 in its current format of a ‘Behaviour Change Wheel’, Michie et 

al proposed a system for consolidaHng the exisHng behaviour change approaches in 

to a useful framework [145]. The purpose of developing this ‘wheel’ was to help 

researchers match behavioural intervenHons, e.g. physical acHvity promoHon, with 

their target populaHon. Similar to the MRC Framework it also allows the user to 

assess the context in which the intervenHon will be delivered.  

The BCW can be seen in Figure 2.6 and is made up of three layers. The innermost 

layer is made up of the Capability, Opportunity, MoHvaHon and Behaviour model 

(COM-B), this is discussed in more detail in Figure 5.1. This model is a ‘behaviour 

system’ which suggests that for a behaviour to take place, the individual must have 

the required level of capability, moHvaHon and opportunity. The middle layer of the 

wheel relates to ways in which the intervenHon may influence an individual, whether 

it be posiHvely, i.e. towards performing the behaviour, or negaHvely, i.e., against 

performing the intended behaviour. The outer layer comprises the policy categories. 

These categories relate to implementaHon, and describe ways in which the chosen 

intervenHon may be implemented. For example, through guidelines supported by 

well-established clinical infrastructures like NICE. 
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Figure 2.6 – The Behaviour Change Wheel (BCW)* 

 

*Reproduced from Michie, S., M.M. van Stralen, and R. West, The behaviour change 
wheel: A new method for characterising and designing behaviour change 
interven@ons. Implementa@on Science, 2011. 6(1): p. 42. 

 

2.5.5 Chapter six – TesBng the usability and acceptability of the NON-STOP app 

Chapter six presents the final study of the doctoral project. A mixed-methods 

feasibility study to test the usability and acceptability of the NON-STOP app. In the 

first component of the study, a before and aher observaHonal study took place in 

which children with Perthes’ Disease and their families tested the app for six-weeks. 

In the second component, focus groups were completed to provide detail and insight 

into the experiences of using the NON-STOP app. Unlike the first study in Chapter 

three, where personal experiences of Perthes’ Disease were described requiring 

interviews, discussing the NON-STOP app was considered much less sensiHve. All 

users had used the app and to discuss this was more suited to a group discussion, 

interacHons with each other were desired in order to explore a deeper understanding 

of potenHal refinements. 
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2.5.5.1 Mixed-methods 

Mixed-methods as a methodological approach are increasingly common in 

healthcare research, and are used to address a research aim using an integrated 

method [146]. A common example of this includes combining quanHtaHve elements 

that demonstrate effecHveness, or ‘whether something works’ with qualitaHve 

elements, that offer nuances as to ‘why something works’.   

For this final study of this doctoral programme, a mixed-methods study was chosen 

because it would meet the intended aims of this sub-study. There are a number of 

approaches within mixed-methods one must consider when conducHng this type of 

research. An ’explanatory sequenHal’ design was deemed to be the most fiqng way 

to describe integraHon of data collecHon and analysis in this study [147]. In this 

design, a quanHtaHve element is followed by a qualitaHve element. Ivankova et al 

suggest that this method provides a be'er understanding of the research problem 

[147], with the qualitaHve element informed by the quanHtaHve findings, with the 

intenHon of explaining the quanHtaHve findings. In the context of the NON-STOP app, 

and this study, the before and aher observaHonal study enabled use of the app and 

collecHon of necessary data to understand the use of the intervenHon. The nested 

focus group gave parHcipants who had used the NON-STOP app the opportunity to 

explain how usable the app was, and why they felt that way. It also allowed them to 

explain any reasons that hindered intervenHon-use and suggest changes to the 

intervenHon. Using mixed-methods can be considered Hme-consuming and requires 

careful planning, but offers a more comprehensive understanding of the intervenHon. 

ParHcularly in this project, in preparaHon for further tesHng in a clinical trial. 

Similar methods have been used in children’s orthopaedic research recently. A 

randomised clinical trial compared two different intervenHons for displaced distal 

radius fractures [148]. The study team set out to provide clinical findings relaHng to 

the treatment of the fracture and paHent outcomes. These results were quanHtaHve 

in nature, and recovery was measured using paHent-reported outcome measures 

(PROMs) focusing on upper-limb funcHon and quality of life. In 2024, Phelps et al 

described the findings from a nested qualitaHve study which took place as part of the 

randomised clinical trial [149]. In the qualitaHve component, parents of children who 
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took part in the clinical trial were interviewed to provide an overview of their 

experience of the intervenHon they received. The authors also explored the 

percepHon of feeling “recovered” which provides another example of how mixed 

methodology can provide a stronger understanding of a phenomenon. The trial 

clinical findings provide valuable informaHon on treatment effects; however the 

qualitaHve component gave a more rounded perspecHve on care. For instance, 

parents reported that recovery involved insight into things that ma'ered most to the 

child/family such as returning to sport, and improved appearance of the fractured 

arm [149].  

There are alternaHve approaches that could have been used in this study within the 

spectrum of mixed methodology designs. One includes the convergent design, in 

which the quanHtaHve and qualitaHve data collecHon and analysis occur 

simultaneously [150]. For instance in this NON-STOP app usability and acceptability 

study, it would have required data collecHon to have taken place during the app-

tesHng period. The qualitaHve data collecHon would have needed to be adapted into 

something like a free-text response via the app to collect informaHon relaHng to the 

use of the NON-STOP app. This would have increased the burden to the parHcipant, 

and could have affected their adherence to using the intervenHon. Whereas, in the 

focus groups conducted by the researcher, not all parHcipants are included, 

minimising burden. Also collecHon of PROMs collecHon aher the qualitaHve element 

may affect findings. The main reason being that parHcipants views may change as a 

result of reflecHng on their experience, rather than any true change in outcome as a 

result of the intervenHon itself. Using a convergent method would have had a 

significant limitaHon for this project because a single Hme-point of data collecHon 

would not have allowed the quanHtaHve element to inform the qualitaHve [151]. For 

instance, the findings could not iteraHvely inform changes/adaptaHons to the 

quesHons asked in the nested focus group.   
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2.5.5.2 Before and aher observaHonal study 

The before and aher observaHonal study was chosen for the quanHtaHve component 

because of the high levels of efficiency it provides when trying to assess criteria 

relaHng to an intervenHon [44]. This design is very common in early phase feasibility 

work and is ohen opted for because of its ease of applicaHon. It does not require 

randomisaHon or a control group which can be Hme inefficient. However there are 

some limitaHons with this methodology. These include the lack of control group to 

account for things such as confounding and selecHon bias and is not suitable for 

esHmaHng intervenHon effecHveness. Steps to reduce the risk of selecHon bias were 

managed using a specific sampling method, as described in the sampling secHon, 

seen in Chapter six. The supervisory team for the project of work included 

intervenHon development specialists (SR and DK) who shared their experHse when 

the methodology was discussed and chosen. A suitable alternaHve to this method 

would have been to carry out a randomised feasibility trial to compare the use of the 

NON-STOP app with ‘usual care’ [152]. Delivering this would have been much more 

Hme consuming, require larger sample sizes and was outside of the scope of this 

doctoral programme of work. 

 

2.5.5.3 Focus groups 

The qualitaHve interview study in Chapter three allowed the researcher to 

understand parHcipants’ experiences of care. Trying to gain an insight of an 

individual’s experiences over the course of a disease process is sensiHve. It is 

important to achieve this without the influence of others and to allow parHcipants to 

feel safe to share their own personal experiences. Interviews were therefore an 

effecHve way of doing this [153]. However, in this mixed-methods study, the aim was 

to understand something less sensiHve, and a focus group offers many advantages by 

including more parHcipants.  

The aim of the app-tesHng study was to understand the acceptability and usability of 

the intervenHon. CreaHng a space for parHcipants to feel comfortable and allowing 

them to converse with people who are similar to them (i.e. children with Perthes’ 
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Disease and their family members) allows for more open discussion [113]. It also 

allows for discussions to include things not planned, which in turn leads to more 

meaningful data collecHon. Focus groups allowed for open discussions with others to 

share their experiences of using the NON-STOP app and consider aspects that they 

liked/disliked. Users were able to create discussions and provide insights that may 

not have been covered by the researcher’s topic guide. It also allowed parHcipants to 

discuss aspects of the NON-STOP app that they would alter or adapt, and to discuss 

how to opHmise the intervenHon based on their recent experiences.  

Kennedy et al in 2001 provided guidance on when to conduct focus groups with 

young children (age 6-12 years) which is relevant to this paHent populaHon [154]. 

Specifically, focus groups are effecHve when looking to evaluate an intervenHon and 

provide rich and meaningful responses from children, which may not always be 

possible when using more structured qualitaHve data collecHon methods such as 

interviews. The authors outlined key mechanisms to encourage interacHon and 

engagement in focus groups with children that were adopted here. These included 

increasing the comfort of children by ensuring there was a peer audience and to 

adopt language that is appropriate and applicable to children. Something that, from 

a reflexive perspecHve, is very applicable given the researcher’s experience as a 

children’s physiotherapist. 

It would have been possible to consider interviews for this study, as has been proven 

in the published methods from chapter three in this project [155]. However, as well 

as the advantages of the focus groups described above, it would also have been more 

burdensome for the researcher to carry out individual interviews. This, combined 

with the potenHal for less meaningful data, led to the decision to conduct focus 

groups. Similarly, the choice of focus groups allowed the researcher to develop skills 

in a data collecHon method that was new to them. It was carried out with support 

from the supervisory team who have experience in this field.  
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2.6 Conclusion 

The topics covered in this chapter further support the need to deliver a digital self-

management intervenHon for the non-surgical treatment of Perthes’ Disease. The 

aims and objecHves outlined were designed with this in mind, and through the use 

of appropriately selected methodology, have been addressed in the subsequent 

chapters.  
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Chapter 3 – Exploring the understanding of key stakeholders 

3.1 Introduc,on  

This chapter reports the first empirical study as part of the doctoral programme of 

work, a qualitaHve interview study which explored the experiences and 

understanding of key stakeholders relaHng to the non-surgical treatment of Perthes’ 

Disease. The findings have been published as: 

Galloway, A. M., Pini, S., Holton, C., Perry, D. C., Redmond, A., Siddle, H. J., & 

Richards, S. (2023). “WaiHng for the best day of your life”. A qualitaHve 

interview study of paHents’ and clinicians’ experiences of Perthes’ 

Disease. Bone & Joint Open, 4(10), 735-741. h'ps://doi.org/10.1302/2633-

1462.410.BJO-2023-0108.R1 

In reference to the MRC framework, this study maps to the “Developing the 

intervenHon” stage of the framework (shown in Figure 2.5). The Core elements of 

relevance at this stage were engaging stakeholders, included as parHcipants and 

aiming to idenHfy key uncertainHes.  

 

3.1.1 Background  

Understanding the factors driving variaHon in the provision of non-surgical treatment 

and the potenHal unmet needs is vital. To do this, the experiences and views of 

children, their families, and clinicians regarding non-surgical treatment of Perthes’ 

Disease in the NHS must be documented. To date, there has been no in-depth 

qualitaHve work conducted with key stakeholders experiencing/providing care for 

children with Perthes’ Disease. This study is the first of the researcher’s NIHR-funded 

programme of work intended to address this important gap. In the wider context of 

this PhD, this study informed the overall aim of the project which is to uHlise the 

experiences and recommendaHons of key stakeholders in the development of a 

digital self-management intervenHon for non-surgical treatment of Perthes’ Disease. 

There are more detailed aims and objecHves for this study described below. 

https://doi.org/10.1302/2633-1462.410.BJO-2023-0108.R1
https://doi.org/10.1302/2633-1462.410.BJO-2023-0108.R1
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In addiHon, this study discovered stakeholder views around the potenHal for a new 

digital intervenHon for Perthes’ Disease aimed at improving a child/family’s ability to 

self-manage the condiHon. An important part of this self-management will be 

promoHon of exercise and physical acHvity. This has many benefits, amongst which 

are improvements in the strength and stability of children affected by Perthes’ 

Disease [156]. The design of this qualitaHve study allowed the researcher to idenHfy 

potenHal intervenHon funcHons that meet the needs of the paHent populaHon, i.e. 

development of a digital self-management intervenHon for children with Perthes’ 

Disease. There are also potenHally wider health benefits such as reducing the burden 

of childhood obesity [157]. This is parHcularly relevant to children with Perthes’ 

Disease who are ohen advised to modify symptom-provoking acHviHes, resulHng in 

greater overall sedentary behaviour. Evidence suggests that self-management in 

adults with long term condiHons such as asthma and cardiac disease is more 

successful if supported by digital intervenHons that help them to feel more involved 

in how they manage their care [158]. This study engaged with a wide range of people, 

both healthcare-professional and otherwise, to understand to what extent 

children/families are currently involved in the decision-making process concerning 

their care and how a digital intervenHon might enhance this important aspect of self-

management. 

 

3.2 Previous qualita,ve research in Perthes’ Disease  

Searches were carried out in an a'empt to find previous studies that had directly 

explored the views of children with Perthes’ Disease, their families, or the clinicians 

caring for them. The focus was on non-surgical care and topics considering future 

intervenHons. No studies were found.  

Further searches were completed to idenHfy relevant literature. They were 

completed at the Hme of wriHng the study protocol (October 2021), using 

recommended databases including PubMed and MEDLINE. Terms included “Perthes’ 

Disease”, “experiences”, “interview” and “qualitaHve”. Searches idenHfied studies 

that were related in terms of paHent populaHon (children’s orthopaedics), or similar 
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methodologies (interviews with key stakeholders) were idenHfied and are discussed 

below. 

 

3.2.1 Social, physical and emoBonal impact of Perthes’ Disease 

A mixed-methods study by Leo et al aimed to explore the impact that Perthes’ Disease 

has on the social, physical and emoHonal wellbeing of children and their families 

[159]. This was published in 2020 and combined the qualitaHve study with a Delphi 

study to reach consensus regarding outcomes to be used in trials for Perthes’ Disease. 

A survey was completed by 12 children from a UK NHS seqng as part of their rouHne 

orthopaedic appointment, they completed the survey with assistance from parents. 

It used “emojis” through which children rated how ‘happy’ or ‘sad’ they were on a 

typical ‘good’ or ‘bad’ day with Perthes’ Disease. The happy or sad faces related to 

how much they could do (happy) or if a certain aspect of Perthes’ Disease stopped 

them doing the acHvity (sad). The authors reported that children idenHfied pain as a 

key limiHng factor to many acHviHes including school and playing with friends, and 

that this was even limited on a ’good day’.  

Semi-structured interviews were then carried out with 18 parents regarding the 

social, physical and emoHonal impact of Perthes’ Disease. ThemaHc analysis 

demonstrated themes that impacted the child, the parents and the wider family. 

These included a lack of awareness of the condiHon and long-term outcomes from 

the parents, family dynamics including jealousy of siblings, and social implicaHons 

such as reduced school a'endance and impact on the hobbies such as sport and/or 

recreaHonal acHviHes.  

Understandably there are some limitaHons, for example, parents assisHng in the 

compleHon of the survey with younger parHcipants could influence results. However, 

the study does provide some insight into the child’s perspecHve of symptoms and 

their impact. Another limitaHon is that the parHcipants were recruited from a single 

site and therefore potenHally lack diversity meaning they are not representaHve of 

the paHent populaHon and could affect generalisability. A further limitaHon in the 

study is that parHcipants were limited to mother or father as the ‘family’ 
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representaHve. Whilst mothers and fathers are the most common family member to 

bring a child to a hospital appointment, it is not the only ‘type’ of family member that 

can be impacted by Perthes’ Disease. This shortcoming is a result of the recruitment 

strategy in which parHcipants were recruited from their rouHne clinic appointment. 

That being said, having the viewpoint of other family members that regularly care for 

children with Perthes’ Disease should not be overlooked. For example, a grandparent 

that may be responsible for children in the hours aher school where acHvity levels 

are high, and acHvity modificaHon may be needed most to manage pain. 

Notwithstanding these limitaHons, the study demonstrated the negaHve impact that 

Perthes’ Disease has on the child and the family. It also provided a solid foundaHon 

for idenHfying the domains that were most important to children with Perthes’ 

Disease and their families, which the author recognised was a vital step in the 

development of a core outcome set [160].  

 

3.2.2 Understanding children and family perspecBves in children’s orthopaedic 

seZngs 

In 2022, a qualitaHve study looking at the factors that influence the perspecHves of 

children with Cerebral Palsy, their families, and the healthcare professionals caring 

for them [161]. The focus was regarding the children’s outcomes following lower limb 

surgery. Similar to qualitaHve study, the study conducted interviews with children as 

well as adults. Purposive sampling was used, and the authors describe the use of a 

sampling matrix to ensure that the parHcipants were as representaHve as possible. 

There were some limitaHons to the methodology in that the study only recruited 

parHcipants from one NHS site, which poses a risk to the generalisability of the 

results. The authors concluded that including children and family in the planning of 

the management of the condiHon can lead to informed decision making and be'er 

outcomes. In relaHon to the study being reported in this chapter, it is important to 

recognise that the parHcipants included those affected by the condiHon, as well as 

caregivers (both familial and clinical). Whilst the results of the study may not be 

generalisable, it is reasonable to suggest that the methodology is transferable. 
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Similar to the study outlined above, a trial comparing Surgery or Casts for Injuries of 

the Epicondyle in Children’s Elbows (SCIENCE) had a nested qualitaHve study. The 

study highlighted the limited understanding that clinicians someHmes have regarding 

the experience of the paHent and families [162]. Within the SCIENCE qualitaHve 

study, interviews highlighted parents’ desire to understand how to do best for the 

child. The children interviewed within the study were able to draw on their 

experiences of care. The authors used this informaHon to suggest methods of 

communicaHon for surgeons when inviHng parHcipants into their study. 

Methodologically, this study recruited parHcipants from an exisHng randomised 

controlled trial, which has benefits in terms of efficiency, but also has some risks 

associated, such as whether their experiences of care are ‘typical’ of paHents in that 

service/populaHon. The study recruited from 15 NHS sites which has the potenHal to 

increase the generalisability of the results. A significant limitaHon idenHfied by the 

authors was the lack of fathers present in the dataset, with most of the parents in this 

study being mothers; the authors suggested that more research with fathers is 

needed. The SCIENCE study produced meaningful results relaHng to children’s care 

experiences by interviewing children. This is something that has not been included in 

previous qualitaHve research in children’s orthopaedics, and never with children with 

Perthes’ Disease. 

 

3.3 Research aims and objec,ves 

Below are the aims and objecHves of this qualitaHve study, which outline how the 

study contributes to the overall aim of this PhD programme of work. 

 

3.3.1 Aim 

a) To invesHgate the experiences and understanding of children/families and 

clinicians when considering non-surgical treatments of Perthes’ Disease. 

b) To explore the potenHal for a digital intervenHon to support self-management 

of Perthes’ Disease.  
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3.3.2 ObjecBves 

a) To explore how current non-surgical treatments impact on children with 

Perthes’ Disease and their families, including how well current non-surgical 

treatments meet their needs. 

b) To understand the informaHon and experiences that inform clinical decision 

making of those who regularly manage children with Perthes’ Disease and to 

idenHfy the barriers and enablers to providing non-surgical care. 

c) To explore the percepHons of children, their families, and clinicians when 

considering the development of a digital intervenHon to support best non-

surgical treatment of Perthes’ Disease, including barriers and enablers to 

implementaHon of the intervenHon.  

 

3.4 Study design 

This qualitaHve study is underpinned by a person-based approach and is intended to 

inform subsequent intervenHon development [163-165]. The person-based approach 

begins by establishing the views, experiences and needs of an intervenHon user. In 

this instance, the intervenHon ‘users’ are children with Perthes’ Disease, their 

families, and the clinicians responsible for their care.  

The methods used within this study are consistent with the epistemological stance 

taken within the PhD project, which is described in more detail in Chapter one. To 

summarise, the epistemological stance in this study is pragmaHsm [41, 42]. In the 

context of health-research, pragmaHsm supports the use of the most appropriate 

methods needed to address the aims and objecHves idenHfied [38]. An interview 

study with key stakeholders, analysed using the Framework Method enabled a 

synthesis of the results that informed the next stage of intervenHon development. 
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3.4.1 TheoreBcal underpinning 

The theories that underpin this doctoral project, discussed in Chapter two, are 

integrated to the approach taken for this qualitaHve study. SDT focuses on three key 

elements that influence moHvaHon: autonomy, competence and relatedness [78]. In 

order to understand important elements of care for children with Perthes’ Disease, 

key stakeholders were interviewed. The study was designed to collect data that 

related to the autonomy of the children with Perthes’ Disease and their families, by 

asking quesHons about their experiences of care including self-management 

approaches. There were also quesHons for children, families and clinicians about 

what future care should involve in order to saHsfy these elements in an a'empt to 

maximise moHvaHon, and lead to a sustained change in behaviour, i.e., engagement 

with self-management.  

In this study, as in the project as a whole, SEM supports SDT. SEM seeks to explain 

changes in behaviour at the level of the individuals [109]. In context to this qualitaHve 

study, it was possible to include topics for discussion related to when/where elements 

of care had taken place. For example, how involved family members, or external 

sources such as school-support staff may have influenced care for children with 

Perthes’ Disease. The importance of this moving forward was to consider these 

parHes in the intervenHon development process.  

 

3.4.2 Methodological approach 

The methods were selected to best target the study aims and objecHves, and the 

overarching project. QualitaHve interviews with children with Perthes’ Disease, their 

families and clinicians treaHng the condiHon were conducted and then analysed using 

the Framework Method [119]. QualitaHve interviews with parHcipants have been 

effecHve in describing the experience of key stakeholders in similar populaHons, as 

described in secHon 3.2.1. The semi-structured interview methods used in this study 

are similar to those previously used in studies including interviews with 

children/parent (family) pairs [166, 167]. Interviews provide an environment in which 

the researcher can build rapport with the parHcipant [153]. This can lead to the 
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parHcipant feeling comfortable enough to share experiences with the interviewer 

that they may not have done if alternaHve research methods were used. This is 

parHcularly perHnent to this study, in which experiences of care are discussed, and as 

the paHent and public involvement (PPI) acHvity has demonstrated, there are 

elements of care that are sub-opHmal.  

There are other methods of analysis that could have been used instead of using the 

Framework Method. It would be unrealisHc to consider all, but two commonly used 

that were not chosen here, grounded theory and ethnography [168]. Grounded 

theory aims to develop concepts or theories based on what exists within the study 

data [169]. This was not the aim of this study, and therefore the method was not 

opHmal. Similarly, ethnography relies on immersion in the seqng of the populaHon 

that are being studied [170]. The acHons of parHcipants in their seqng were not 

necessary in this study, and those results would not have addressed the aims and 

objecHves of the study.  

 

3.4.2.1 Data collecHon method 

Interviews were selected for this study as the data collecHon method, and took place 

with child/family pairs, hereby referred to as dyads, and clinician parHcipants in a one 

to one format. Interview topic guides were designed prior to the start of the study 

based on PPI acHviHes. They were designed to ensure that the aims and objecHves of 

the study were met, but also so that parHcipants were asked quesHons that allowed 

them to expand and share experiences that were not considered by the interviewer. 

A widely recognised strength of this data collecHon method is that it allows the 

researcher to ask quesHons on their chosen topics, gathering informaHon in a 

somewhat deducHve manner [171]. It also makes allowances for new themes and 

topics to be discussed as parHcipants become comfortable and share elements of 

their lived-experience that cannot be pre-empted by a researcher.  
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3.4.2.2 Data analysis method 

The Framework Method was used to analyse the qualitaHve data [111]. This method 

has been discussed in more detail in Chapter two. Using this method, interview 

transcripts were coded iteraHvely, with preliminary codes revised in light of coding of 

subsequent transcripts and applied to all interviews. Transcripts were coded, with the 

first five child/family and five clinician interviews coded independently by a second 

member of the research team (SP), who was an experienced child-health qualitaHve 

researcher. They were also checked for agreement on emerging codes. 

Inconsistencies in coding were discussed, and agreement reached on the subsequent 

coding which were reapplied to earlier transcripts. Consistent with a framework 

approach, some coding was deducHve. DeducHve analysis allows the researcher to 

apply their analysis based on pre-exisHng theory [172].  

In the context of this qualitaHve study, the researcher followed the structure and 

quesHons included on the topic guide. These were informed by the theoreHcal 

underpinnings described earlier. An inducHve approach was used, albeit less 

frequently, to idenHfy concepts emerging directly from the data. Using an inducHve 

analysis method, the researcher moved from data to theory as opposed to applying 

analysis to the pre-exisHng theory [122]. To give context to this study, the researcher 

used inducHve analysis for new themes/topics that came about organically in the data 

collecHon. Salient themes and concepts were idenHfied through themaHc coding 

[125]. 

 

3.5 Sample and seMng 

ParHcipants were children with Perthes’ Disease, and their family, receiving 

treatment in one of three NHS hospitals (Leeds Children’s Hospital, Alder Hey 

Children’s Hospital and Hull University Teaching Hospitals). Recruitment from 

different centres was important to ensure the sample is representaHve of the wider 

UK paHent populaHon. ParHcipants were recruited from their usual orthopaedic 

appointments in which they are regularly assessed by an orthopaedic consultant. 

PaHents were sampled purposively to maximise heterogeneity e.g. differing sex, age, 
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treatment type (surgical/non-surgical), duraHon of living with condiHon and disease 

severity [173]. The children/family recruited were iniHally idenHfied by a lead-

clinician within each centre who was familiar with the study eligibility criteria. 

Clinician parHcipants were those managing Perthes’ Disease regularly and consisted 

of children’s orthopaedic specialists including surgeons, physiotherapists and clinical 

nurse specialists (CNS). ParHcipants were sampled from a range of NHS centres within 

the UK (i.e. not just the three hospitals recruiHng children to the study). This was done 

to ensure the results were generalisable and broadly reflecHng pracHce within the 

NHS. There were ohen only a small number of clinicians specialising in Perthes’ 

Disease found in each NHS centre.  

 

3.5.1 Eligibility criteria 

Families were eligible for inclusion if: 

1) The child had been diagnosed with Perthes’ Disease between one and five 

years ago (this is to ensure that the experience of the dyad is adequate in 

terms of exposure to usual NHS care).  

2) Child with Perthes’ Disease between 5 and 16 years old. 

Families were excluded if:  

1) The parent and child were unable to communicate verbally in English or 

engage in the interview. If the child could not communicate, but the parent 

wished to take part, the family remained eligible for inclusion.  

Clinicians were included if: 

1) They currently managed children with Perthes’ Disease in their rouHne clinical 

care. 

2) They had at least two years’ experience of treaHng children with Perthes’ 

Disease to ensure they have an understanding of usual care for this paHent 

group. 
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3.6 Recruitment  

Different methods of recruitment were used for child/family dyads and clinical 

parHcipants.  

 

3.6.1 Child/family idenBficaBon 

Recruitment of child/family dyads took place in the clinical seqng, with clinicians in 

each centre trained regarding the study eligibility criteria and recruitment processes. 

On idenHficaHon of a potenHal parHcipant, the treaHng clinician (site PI) briefly 

outlined the purpose of the study. Any child/family dyad interested in hearing more 

about the study was asked for permission to share their name, email address and 

phone number with the interviewer. These details were shared using secure email 

(NHS.net) and once recruited, emails were securely stored in password protected files 

on University of Leeds servers and deleted from the NHS.net email inbox.  

Provision of contact details did not consHtute the child/family dyad agreeing to be 

included in the study. This was strictly used for contact by the research team. The 

permission to contact the child/family dyad was recorded by the PI in the paHent’s 

medical notes.  

Following idenHficaHon of an eligible family by the PI at a site, an email was sent from 

the interviewer to potenHal parHcipants with the parHcipant informaHon pack that 

included an informaHon sheet for the parent and a separate age-specific informaHon 

sheet for the child (Appendix B – Child PIS and Appendix C – Family PIS). In line with 

current Health Research Authority (HRA) guidance, families had at least 24 hours to 

consider the informaHon before the interviewer contacted them to discuss study 

parHcipaHon. However, if a family responded sooner than this, then this was 

accommodated [174]. If the family had not responded within one week, a second 

email was sent; there was no further a'empt to contact aher this.  

In order to provide a thorough descripHon of the recruitment process, anonymised 

screening data on number of child/family dyads approached/agreed was collected by 

the PI at each site. Site PIs collected this as well as age (year), sex and Hme since 
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diagnosis (months). Recruitment was monitored based on the characterisHcs 

outlined above to ensure the sample was broadly representaHve of the typical new 

paHent populaHon according to both literature and the research team’s clinical 

experience.  

 

3.6.2 Clinician parBcipants 

For recruitment of clinicians, parHcipaHon was adverHsed on the social media pages 

of orthopaedic/musculoskeletal socieHes or opinion leaders and further invites were 

sent to orthopaedic centres in the UK. The email invited clinicians that met the 

eligibility criteria above to take part in the study. The email contained a parHcipant 

informaHon sheet (Appendix D), outlining the aim of the study and their involvement. 

Responses were collected and clinicians who opted in were contacted to begin the 

consent process. Recruitment data, such as professional background and 

geographical locaHon, was collected to ensure representaHon from the relevant 

disciplines was broad. 

 

3.7 Consent 

Informed consent was gained for all parHcipants. Given the involvement of children 

under 16 in the study, a parent/legal guardian was required to provide consent for 

their child. This was combined with gaining verbal assent (where appropriate) from 

the child in the interview to demonstrate their agreement to take part in the study. 

The details for parHcipant groups are detailed below and flow charts outlining the 

recruitment process for parents and children and clinicians are summarised in Figures 

3 and 4 respecHvely. 

 

3.7.1 Children/family dyads 

A proporHonate consent process was adopted, based on NHS Health Research 

Authority guidance and given the low risk nature of the data collected in this study 
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[174]. On contacHng the family parHcipant, the parent/legal guardian was asked to 

provide informed consent electronically via email. The family parHcipant was asked 

to reply to the email and include the ‘statement of agreement’ that they were 

instructed to copy from the original email and read as follows: 

‘I have studied the informa@on provided in the par@cipant informa@on 

pack and understand what will be required of me during this study. I give 

consent to the use of any informa@on gathered during this study for the 

purposes outlined by the research team. I also understand that my 

par@cipa@on is voluntary, and I am free to withdraw from this study, 

unchallenged, at any @me.’  

To confirm their agreement to take part, and to gain verbal assent from the child 

where possible, each parHcipant (child and family member) was asked at the start of 

their interview if they were happy to conHnue and reminded that at any point they 

could withdraw. In all instances, receipt of consent was emailed to the parHcipants. 

There was a plan for wri'en consent in cases where potenHal parHcipants did not 

have access to e-mail, however this did not occur. If this arose, a copy of the 

statement of agreement would be printed and sent by post to the parHcipant.  

Once the family member emailed providing consent for both themselves and the 

child, the interview was arranged. At the start of the interview, the child and family 

were reminded that the interview process can be stopped at any Hme. If the child 

were to have verbally refused to assent to the study the parent would sHll be able to 

parHcipate, though this did not occur. Any child declining to take part in the interview 

would not have been asked for further informaHon. It was made clear to the 

parHcipants that their involvement in the study will remain confidenHal from their 

treaHng clinical team and that study parHcipaHon would not affect their clinical care 

at the Hme or in the future.  

 

3.7.2 Clinician parBcipants 

Clinicians that responded to the invitaHon had at least 24-hours to study the 

parHcipant informaHon pack and consider their involvement. To demonstrate 
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informed consent, the clinician parHcipants were asked to reply to the iniHal email 

providing informaHon outlining their agreement to involvement in this study. The 

email included the same ‘statement of agreement’ outlined for parent/child 

parHcipants and read as follows: 

‘I have studied the informa@on provided in the par@cipant informa@on 

pack and understand what will be required of me during this study. I give 

consent to the use of any informa@on gathered during this study for the 

purposes outlined by the research team. I also understand that my 

par@cipa@on is voluntary, and I am free to withdraw from this study, 

unchallenged, at any @me.’  

The email served as wri'en consent for the clinician parHcipants, outlining explicitly 

that the parHcipant agreed to their inclusion in the study, including permission to use 

data collected in the way outlined in the parHcipant informaHon sheet. For example 

to reproduce anonymised quotes obtained in interviews as part of the disseminaHon. 

On return of this email, an interview date/Hme was given and completed as below.  

It was made clear to the parHcipants that their involvement in this study would 

remain confidenHal and any findings shared would be anonymised. Their clinical 

service was not informed of their involvement in the study. 

 

3.8 Data collec,on 

Following idenHficaHon of appropriate parHcipants and adequate consent processes, 

semi-structured interviews were carried out with children with Perthes’ Disease and 

their families, and clinicians. The interviews followed an interview topic guide 

(Appendix E) and took place via video call. All interviews were audio-recorded and 

saved in password-protected files on University of Leeds servers. Topic guides were 

developed using a combinaHon of sources. The theoreHcal approach (Self 

DeterminaHon Theory informed by the Socio-Ecological Model) informed the 

quesHons included in topic guides by considering both the intrinsic and extrinsic 

moHvators when considering levels of physical acHvity. The guides were informed by 
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input from the PPI group, outlined previously, as well as the experience of the 

research team. Clinician parHcipant topic guides included management of the 

condiHon, with consideraHon in terms of discipline-specific (medical, nursing and 

physiotherapeuHc) differences. There was consideraHon to the needs of the child and 

delivery of care as well as discussion of the proposed digital intervenHon.   
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Figure 3.1 – Consent process for child/family dyads  
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Figure 3.2 – Consent process for clinician parHcipants 
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3.8.1 Interview process 

Aher agreeing an appropriate date/Hme for the interview with the parHcipant, the 

interview took place via video-call. Ninety-minutes was allocated for each interview. 

There was flexibility in this Hme limit to allow parHcipants to discuss their experiences 

and thoughts openly in the interview. Interviews followed the relevant topic guides 

for the parHcipant. 

 

3.8.1.1 Children/family dyad interviews 

When conducHng an interview with a child, there was always one parent/legal 

guardian present. QuesHons to the parent/family member took place in the same 

interview as the child. The quesHons perHnent to the child were asked first to 

maintain as much rapport/connecHon with the child as possible. The quesHons were 

based on the topic guide, with the focus of this secHon to reflect on the experiences 

of clinical care offered and the degree to which it met their needs. The components 

of a new digital intervenHon were also explored and discussed here with 

consideraHon of its content and mode of delivery.  

Prior to the interview starHng, approximately 10-15 minutes were spent building 

rapport with the child. This was done by having discussions about things that 

interested them and in situaHons where needed, this included asking the child to 

show them something they like to do. An example of this was one child that was keen 

to demonstrate some moves learned in a recent marHal arts session. Building this 

into the interview Hme was important to make the child feel comfortable and 

engaged. This Hme was in addiHon to the allo'ed Hme for the interview with the child 

and family member (30-90 mins). The allo'ed Hme for these interviews allowed for 

parHcipants that had more or less to say. For example, if aher 60 minutes a parent 

felt they had more to say, it would have been unreasonable to stop the interview. In 

the same way it would have been unrealisHc to conHnue aher 30 mins if all quesHons 

had been answered and the parHcipants were happy that they had said all they 

wished to say. This was in line with previously successful methods when interviewing 
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children [166, 167] and aimed to make the child feel more comfortable in the 

interview.  

In order to give the child the opportunity to openly discuss their experiences, it was 

important to consider that children occasionally need prompts or ‘translaHons’ from 

adults. This was allowed, and clearly outlined prior to the start of the interview. It was 

explained to family members that they were allowed to prompt and explain 

quesHons, but not to answer quesHons instead of the child. This was well received, 

and there were no observed instances of children not being able to share their 

thoughts. In an a'empt to give the family member the same opportunity to share 

honest experiences, they were asked whether they would like the child to remain 

present during the interview. The opHon of having the child leave, where possible, 

was to maximise engagement and was taken up by some family members.  

The child/family dyads were regularly asked if they were happy with the progress of 

the interview. It was made clear that if at any point during the interview the child 

became upset/does not want to take part further, the interview would be stopped, 

and appropriate support given. This was not the case in the majority of the 

interviews, however in one interview there was a parHcularly non-verbal child, in 

which a'empts were made to conHnue discussion. This was not possible, and the 

interview was stopped for that parHcular child and the family member was asked 

their quesHons. Whilst the child did not answer all quesHons, they sHll provided 

answers to the early interview quesHons and the family member provided answers 

to all quesHons. The data, therefore, was included in the analysis.  

 

3.8.1.2 Clinicians 

Following agreement to be involved in the study, interviews with clinicians took place 

via video call. The interviews were based on the topic guide (Appendix E) which 

included a focus on the clinical decision-making process when managing children 

with Perthes’ Disease. These topic guides were designed based on areas that are of 

interest but also had input from a project advisory group including children with 

Perthes’ Disease and their family, as well as clinicians treaHng Perthes’ Disease. This 
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was to ensure that the scope of the interview quesHons was sufficient to address the 

study aims and objecHves, including a parHcular focus on barriers/enablers to 

providing non-surgical treatment of Perthes’ Disease, as well as the content/delivery 

mode of a potenHal novel digital intervenHon.  

Interviews considered things such as which as aspects of non-surgical care have been 

useful/successful in the past and if so/not, why this has been the case. Including 

physiotherapy, acHvity modificaHon and educaHon. The discussion around the digital 

intervenHon aimed to inform its future development. Through this, clinicians with 

experHse in this paHent populaHon, provided vital input on the content and delivery 

of a new potenHal intervenHon. All staff were asked about topics such as acceptance 

and usage of a proposed new digital intervenHon within the paHent populaHon. In 

addiHon to this, staff from different clinical backgrounds were asked their thoughts 

on discipline-specific clinical informaHon/guidance. This included domains such as 

educaHon for children/families on the condiHon and medical guidance from all staff, 

or for example, physiotherapy guidance from relevant staff. There were quesHons 

around how the digital intervenHon could be introduced into clinical pracHce, and 

uHlised as a supplement to exisHng care to promote and empower self-management. 

 

3.9 Data analysis 

Interviews were audio-recorded, and were transcribed and anonymised, with the 

transcript data stored using NVivo sohware (Version 12, March 2020) [175] where the 

coding framework was applied.  

Using the stages of Framework Analysis method, a provisional analyHc framework 

was prepared prior to the commencement of interviews to support deducHve coding 

when analysing the interviews [111]. Aher conducHng three interviews with clinician 

parHcipants, reviewing the transcripts and reading mulHple Hmes to familiarise 

oneself with the data, a discussion within the research team was conducted. The 

team included a specialist in qualitaHve methods (SR) who then went on to apply the 

iniHal analyHc framework to the first three clinician interviews by independently 
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coding the data. Indexing included changes to the main themes and sub-themes 

within the framework matrix. These were made following discussions in the research 

team. For example, when charHng the date, the main theme (code 5) enHtled 

“who/when/where” was iniHally called “place and space” in preliminary coding, but 

it was agreed that “who/when/where” be'er captured the users of the proposed 

digital intervenHon. The final iteraHon of the analyHc framework was then re-applied 

iteraHvely to the first three interviews, and applied to the remaining interviews within 

the dataset. IteraHve coding was employed for the remaining interviews. Whenever 

minor adjustments to sub-themes were idenHfied in later interviews, the coding was 

changed accordingly. 

The iniHal framework developed for the clinician parHcipants was found to be broadly 

applicable to the child/family parHcipants. To finalise the coding for this sub-group, 

descripHons for child/family parHcipants were wri'en, applied to the first three 

interviews and then reviewed with the supervisory team to assess suitability. For this 

subsecHon of parHcipants, the experHse of a different coder was uHlised. The 

addiHonal coder (SP) is a specialist in qualitaHve research in children and the 

discussion at this framework phase highlighted two addiHonal codes. The codes 

included points raised about the ability for children and families to access any digital 

intervenHon at home, taking into consideraHon access to smart devices and the 

internet. The second code discussed clinical uncertainty for this parHcipant type. 

Mostly this was in relaHon to the lack of strong evidence for family members on how 

best to manage children with Perthes’ Disease. This step within framework analysis 

is imperaHve in the process of analysis, and leads to the development of a working 

analyHc framework that can be seen in Table 3.1 below. 

A sixth code was idenHfied over the course of the data collecHon, and was termed 

“any other business” in the first instance. This included data that did not naturally sit 

within the deducHve coding framework. The code gathered enough data for inclusion 

and reflected one topic/theme – COVID 19. This code was developed using inducHve 

coding given its prevalence and relevance within the data. 
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Table 3.1 – AnalyHc framework developed to support coding 

Main theme Notes/ideas Clinician descripHon (sub-themes) Child descripHon (sub-themes) Family descripHon (sub-themes) 

1. VariaHon of 
care 

 

 

Different 
approaches in 
different 
seqngs/trust
s i.e., clinical 
uncertainty 

 

Needing/ 
wanHng 
guidance 
regarding 
decision 
making 

- Usual care currently at their 
clinical workplace 

- Clinicians report differences in 
approaches where they have 
worked or even changes 
within their own pracHce.  

- VariaHon of what defines 
‘conservaHve’ or ‘non-surgical’  

- VariaHon within 
‘surgical/surgeon’ 
management.  

- Similar to variaHon, but more 
focussed on lack of evidence 
to support the clinical 
decision making and possibly 
leading to uncertainty of 
impact. Also need for 
consensus. 

- If anything comes up about 
different experiences with 
different doctors or 
speaking to people with 
Perthes’ that have had 
different care 

- Similar to above, not likely 
to come up with children 
but could be around the 
lack of knowledge. 

- Comments around 
management of other 
children that met with 
Perthes’ 

- Different approaches that 
have been used by different 
specialists previously seen. 

- Family wanHng guidance and 
some reliable info for 
decisions on treatment 
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2. Assessing 
paHent 
outcomes 

PaHent 
reported and 
clinical 

- Debate about what a good 
outcome is – short/long term 
outcomes.  

- Points at which outcomes of 
paHents are discussed, either 
previous paHents treated 
with/without surgery, or 
prospecHve paHents (when 
considering important 
treatment aims). 

- Child demonstraHng an 
understanding of what 
their outcomes are/might 
be. Can be long term (good 
hip shape) or short term 
(reduced pain/no surgery). 

- MenHons of short (pain, 
funcHon) or long term 
(surgery as adult, hip 
condiHon by end of disease 
process) outcomes for 
paHent 

3. Reason for 
app use 

Any needs 
met to 
improve app 
use 

- Points raised about the 
approach to increasing app 
use such as moHvaHon 
(levels/rewards), exercise-
related saHsfacHon (SDT), 
empowerment of paHents 
and families. 

- Need to do something rather 
than nothing. 

- Any menHon of app 
content/previously 
successful approaches with 
apps like levels/rewards or 
posiHve experiences. 

- MenHons of being told to 
“watch and wait” that fit 
with doing something rather 
than nothing.  

- SDT; moHvaHon, family 
demonstraHng 
understanding of the need 
for moHvaHon in an app 

4. Core 
features of an 
app 

In terms of 
app content 

- Comments about the need for 
consistent educaHonal 
resources for paHents/families 
outside of consultaHon from 
clinicians as well as paHent-

- More awareness around 
what the cause of the 
disease is. 

- SDT; competency, have 
used apps in the past that 

- Comments around variaHon 
of informaHon available in 
public forums, etc. and the 
concern/worry that comes 
with this. 
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sharing experience/self-
educaHon. 

- SDT; competency – 
establishment of intervenHon 
and maintenance of the 
behaviour. 

- SDT; Autonomy – ability of 
children to self-manage their 
condiHon 

have had levels and seen 
improvements with this. 

- SDT; relatedness, to be 
able to discuss with other 
boys/girls with Perthes’ 
Disease.  

- SDT; relatedness can be 
where families want to be 
able to talk to others like 
themselves (mothers/fathers 
of Perthes’ paHents for 
example). 

5. 
“Who/when/ 
where” 

For app 
delivery 

- Who the app would be used 
by (parents, younger or older 
children). 

- Any discussion about where, 
how and by whom the app 
would be delivered (school or 
parents) 

- Where in the care pathway 
the app would be introduced 
i.e., by a physio aher 
diagnosis or in clinic and 
whether face to face, etc. 

- Issues around access to IT 
(known social deprivaHon 
issue with Perthes’) 

- Any discussions around use 
of apps at home and if not 
at home, then where? 

- Who the app would be used 
by (parents, younger or 
older children). 

- Talk about using app when 
just diagnosed or aher 
becoming ‘experienced’ 
paHents. 

- Any menHons of lack of 
access to apps at home.  

- MenHon of using 
apps/digital technologies at 
school 

- App experience of child? 
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6. COVID-19* A new 
theme/topic 
that emerged 
from the 
dataset 

- Any menHon of COVID-19 
relaHng to clinical services 
during the pandemic 

- Discussion around the impact 
of COVID-19 on 
paHents/families with regards 
to their status (acHvity/pain 
levels) 
 

- Impact of COVID-19 on 
child’s ability to take part in 
acHviHes or hobbies.  

- Change in Perthes’ 
condiHon during pandemic 
(pain, sHffness, etc.) 

- Impact that COVID-19 had 
on care provision for 
child/family (quality and 
quanHty) 

- Experiences during 
pandemic which are 
different to experiences pre-
pandemic. 

*note codes 1-5 followed the deducHve theoreHcal framework for this study. Code 6 (COVID-19) was inducHve and emerged from the dataset



 
 

 

77 

3.10 Ethical considera,ons 

NHS ethics and HRA approval was obtained as the research involved NHS paHents as 

well as family members and staff. The process outlined in the methods secHon above, 

was submi'ed to the NHS Research Ethics Commi'ee (REC) and HRA and was 

deemed appropriate. It was awarded a favourable opinion by NHS West of Scotland 

REC 1 01/12/2021. REC reference 21/WS/0138, le'er a'ached (Appendix F). This 

approval is in line with the most recent regulatory changes to doctoral student 

research [176]. Sponsorship was provided by University of Leeds. Approval from 

addiHonal NHS sites research and development departments was also obtained.  

ConducHng research that involves children requires addiHonal ethical consideraHon 

given that the child cannot, legally, consent to take part, but will experience the 

inherent burden of the research study. The HRA clearly states that whilst there is no 

law regarding consent of children taking part in research, that the same rules as for 

medical treatment are followed i.e., the child is involved in the decision making but 

legally, the responsibility is that of the parent/legal guardian [177].  

Assent is somewhat debated in the literature, and there is a lack of consensus 

regarding the age at which a child can give consent or assent, and/or whether the 

child can provide assent at all. This is discussed in more detail below. One available 

definiHon of assent in child research is “a term to describe the child’s willingness to 

take part in research” [178]. In 2011, Baines highlighted that whilst UK, European and 

USA guidelines all outline the need for assent from children, the guidelines do not 

clearly state what assent includes and therefore what it means [179]. Baines 

concludes by suggesHng that the concept of assent is sub-opHmal and that 

competent children should be permi'ed to give consent, and the parents/legal 

guardians of children lacking the ability to consent, should discuss parHcipaHon in 

research with those children and provide consent if deemed appropriate. In 2014, 

Waligora et al suggested that an age threshold for the assent process would benefit 

researchers, guardians and children [180]. The raHonale around this was supported 

by literature that outlined an increase in child capacity as they grow older, however 

there are sHll issues around whether this translates to a more generalised 
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competence to take part in research. The suggesHon of a school-age threshold for 

needing assent rather than consent from legal guardians seems to have been 

proposed in 2014 but not taken on by naHonal regulatory bodies, such as HRA.  

The email consent process used in this study is not the typical method for gaining 

consent, which is commonly wri'en. However, the interviews took place remotely via 

video, so no face-to-face meeHngs took place for wri'en consent to have been used. 

Sending forms out to sign also would have been less efficient in terms of Hme and 

resources. There are also pracHcal benefits, for example, no risk of wri'en consent 

forms not being returned in a Hmely manner which can affect data collecHon. With 

regards to assent, this was completed at the beginning of the interview with the child 

verbally, to ensure that they were happy to take part in the interview, a similar 

process also took place with the parent/legal guardian. They were made aware that 

they can stop the interview, unchallenged, at any point. Clinician parHcipants 

provided consent using the same, proporHonate process, using a statement of 

agreement via email prior to the arrangement of the interview.  

There is a certain degree of inconvenience to consider with regards to parHcipant 

Hme. This was considered in the methods and minimised where possible, for 

example, child/family dyads were recruited from pre-exisHng orthopaedic 

appointments as per their usual care. There was provision for childcare cover should 

any parHcipants express their inability to take part due to lack of childcare, though 

this situaHon did not arise. Interviews were offered via video at the convenience of 

parHcipants, to minimise burden on personal commitments or clinical schedules. 

The research team did not idenHfy any potenHal for serious adverse events (SAE) 

arising from parHcipaHon in a one-off interview study. However, in the interest of 

maintaining the duty of care to the children and their families, a plan was included in 

the protocol and discussed with the Principal InvesHgators (PIs) of the sites included. 

In the event of any safeguarding issues coming to light when interviewing child/family 

dyads, the interviewer would escalate to the PI at the local site who would then follow 

their local policy. This process was explained to the PIs in the study set up and any PIs 

were given the opHon to discuss any issues/queries. However, due to the close 
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working of each of the PIs there were no anHcipated issues regarding communicaHng 

any escalaHon of safeguarding concerns and thankfully, none arose. 

 

3.11 Results 

An overview of each of the six main themes is provided, with further detail given for 

the sub-themes that emerged within each main theme (Table 3.1). The first five follow 

the analyHc framework outlined in previous secHons. A sixth main theme included in 

this secHon, refers to a recurrent theme idenHfied in the analysis process, which was 

COVID-19. IllustraHve parHcipant quotes are used to give context and support the 

main themes and sub-themes idenHfied within the dataset. A quote table, including 

the fuller dataset is provided (Appendix G). A themaHc table displaying the frequency 

of each theme menHoned by the parHcipants is also provided (Appendix H).  

The characterisHcs of the sample are displayed in Table 3.2 below. In the interest of 

maintaining parHcipant anonymity, in the clinician parHcipant group, the professional 

role has been given but nothing else. For the child/family parHcipant group, children 

aged 6-11 years old are described as “young” children and 12-16 years old as “older” 

children.  

 

Table 3.2 – CharacterisHcs of parHcipants in the study 

Characteris.c Child Family Clinician 
ParHcipants, n 12 12 12 
Female, n (%) 3 (25) 11* (92) 9 (75) 
Age, years, mean (range) 10.8 (6 to 16) N/A N/A 
Previous surgery, n (%) 6 (50) N/A N/A 
Physiotherapist, n (%) N/A N/A 6 (50) 
Surgeon, n (%) N/A N/A 5 (42) 
Clinical Nurse Specialist, n 
(%) 

N/A N/A 1 (8) 

*10 mothers and 1 grandmother. Remaining family member was a father. 
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3.11.1 Theme one: VariaBon of care 

Widespread variaHon in care of children with Perthes’ Disease is well documented 

[28]. In an a'empt to understand this be'er, this theme explores the experiences and 

perspecHves of key stakeholders with regards to this variaHon. The sub-themes within 

this are ‘current usual care’; ‘different approaches’; ‘evidence to support decision 

making’ and ‘agreement amongst clinicians.’ 

 

Current usual care 

The first sub-theme focuses on the care that currently exists in their Perthes’ Disease 

treatment. Amongst clinicians, this focussed on their clinical pracHce, and for children 

and families with Perthes’ Disease, this focussed on current treatment. In this sub-

theme, parHcipants described variaHon in terms of current management approaches 

for Perthes’ Disease and elements of clinical treatment. There were, however, terms 

that were used regularly in the interviews, parHcularly within the clinician 

parHcipants. The term “normal life” was used mulHple Hmes in the individual 

interviews, it was used as a reason for the treatment approaches clinicians used 

including things like physiotherapy for range of moHon exercises, pain control 

with/without analgesia and acHvity modificaHon. One surgeon explained their 

treatment approach: 

“my mainstay of treatment is to maintain their range of mo@on, make sure 

that their pain is controlled, and to let them have as normal life as possible”  

Clinician 1, Surgeon  

AcHvity modificaHon was something that was menHoned in many interviews, and 

when discussing the current care children with Perthes’ Disease receive, many 

parHcipants talked about limiHng children from high-impact acHviHes. This is thought 

to be fairly common pracHce; however, it was generally reported that acHvity 

modificaHon required the understanding and involvement of the family. In an a'empt 

to preserve a “normal life”, it was ohen the most extreme forms of ‘high-impact’ 

acHviHes that were advised against:  
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“our approach is to avoid bouncy castles and trampolines, but otherwise let 

them have a normal, a normal life” 

Clinician 8, Surgeon  

Physiotherapy including hydrotherapy was regularly discussed, ohen as an alternaHve 

to the high-impact acHviHes outlined above. A clinician explained:  

“If they’ve got a decreased range of abduc@on then I refer them to physio and 

ask the physio to assess them for hydro if they have that available to them”.  

Clinician 7, Surgeon 

Child/family and clinician parHcipants discussed the benefits of water-based exercise; 

whether in formal physiotherapy sessions or extra-curricular. When asked what they 

like about their physiotherapy treatment for Perthes’ Disease, child 1, 9 year-old 

female reported “I get to swim more”.  

Access was menHoned numerous Hmes, as seen in the discussion with the clinician 

parHcipant above. Clinician and family parHcipants stated how effecHve water-based 

therapy can be, but many parHcipants highlighted that their hydrotherapy pool had 

closed, or access had been removed. Some clinician parHcipants highlighted the lack 

of physiotherapy access in their clinical service and the potenHal service-related risks 

that are associated with that. Whilst this was only present in a minority of interviews, 

this is important to consider in the preparaHon of a self-management intervenHon.   

 

Different approaches 

The second sub-theme builds on the first by exploring the different approaches and 

treatments that parHcipants have experienced for Perthes’ Disease. For clinicians this 

involved a range of different working experiences, ohen from different geographical 

areas they had worked, and for children and families, explanaHons of previous care 

within their “Perthes’ journey” were explored.  

ParHcipants of all kinds drew on their experience of different approaches used for 

Perthes’ Disease in this second sub-theme. Many clinician parHcipants explained 
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variaHon was because of the lack of evidence to support a specific treatment 

approach. Ohen care was subjecHve and based on the experience of the clinician 

during training, commonly in different geographical locaHons. Children and families 

recounted having different opinions from clinical teams in the NHS services, 

compared to private pracHce, where they were told to be “100% non-weightbearing”. 

Others talked about different treatments they’ve tried in the past including non-NHS, 

self-directed approaches such as reflexology and massage.  

ParHcularly prevalent within this sub-theme was the inconsistency in terms of 

someHmes opHng for operaHve care, and in other instances opHng for non-operaHve 

care. In parHcular, one surgeon expressed the uncertainty around the approaches 

used: 

“In the early years in my prac@ce, when I was quite keen, I probably operated 

on more than I would now. And I have a suspicion that they’re the ones that 

had the good outcomes, so they’re probably the ones that if I leh alone would 

probably have done quite well as well.” 

Clinician 2, Surgeon  

Surgical intervenHons such as total hip replacement (THR), that had previously been 

seen as ‘last-resort’ were also discussed. With a number of clinicians explaining that 

this non-typical approach had been used in severe cases and led to good outcomes. 

With one surgeon reporHng: 

“as orthopaedic surgeons our whole career we’ve been told, no, no, no, you 

can’t do an early hip replacement, you have to wait un@l they can’t walk 

anymore and in terrible pain. But actually younger people do very well, and it 

gives them a new lease of life, so it’s not the worst outcome in the world if 

that’s what they end up having” 

Clinician 1, Surgeon  

Clinicians explained that over Hme, non-surgical treatment has become more 

prevalent, but previously there were things such as bracing, casHng and “slings and 

springs” used for children with Perthes’ Disease. The amount of mulH-disciplinary 
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team (MDT) support also seemed to affect decision making previously, with some 

clinicians explaining that choosing a conservaHve approach was easier when regular 

physiotherapy was available.  

Similarly, some clinicians explained: 

 “when I first started work, all the informa@on was ‘no impact’ (referring to 

impact on the hip)” 

Clinician 9, Physiotherapist  

However, many explained that with more regular monitoring of things like range of 

movement and acHvity levels, this approach is not as common. 

 

Evidence to support decision making 

The third sub-theme explored parHcipants' understanding of the available evidence 

to support the decision-making process for the approaches used previously or 

currently. Given the nature of Perthes’ Disease and the lack of robust evidence in the 

area, this ohen-involved clinicians referring to a lack of evidence to support 

treatment approaches. Clinicians parHcularly outlined treatment approaches that 

they had used, even uncommon treatments, such as steroid injecHon and early total 

hip replacement. Whilst clinicians idenHfied that these were effecHve at the Hme, 

they were unsure of the long-term effects. This uncertainty was evident across 

parHcipants, one parHcipant summed up the desire for more guidance clearly: 

“you see a child with Perthes’, and you genuinely don’t really know in your 

heart of hearts the best treatment algorithm for them” 

Clinician 7, Surgeon 

In line with this, parHcipants discussed the need for clinical consensus to guide 

treatment, and provide the evidence base for treatment. A handful of parHcipants 

referred to one or two studies that have provided recommendaHons for surgical 

intervenHon. This was, however, ohen followed up with a concern raised about the 

outcomes used in the studies. Clinician parHcipants explained that outcomes in 
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studies were ohen radiological and didn’t capture “funcHonal outcomes” for paHents. 

When discussing surgical intervenHon impacHng children with Perthes’ Disease, a 

parHcipant reported: 

“even if it didn't make a difference to the hip, so, to the shape of the hip which 

is what surgeons care about, I’d be interested to see whether surgery made 

the difference to pa@ent outcomes. To, kind of, pain and stuff. Because I don’t 

know that” 

Clinician 8, Surgeon  

The uncertainty was also present in child and family interviews. Children expressed 

their desire to know more about the condiHon in the long-term, and described the 

potenHal benefit of knowing more: 

“if you know how long you're going to have it for you will be like me, I'm just…I 

don't know, I'm just wai@ng for it to go, if you know when it's going to go 

probably, you're wai@ng for your best day of your life basically” 

Child 7, young male  

 

Agreement amongst clinicians 

In the final sub-theme, parHcipants discussed their experiences and exposure to 

clinicians and the common trend of disagreement between them with regards to 

treatment approaches. As outlined in previous sub-themes, variaHon exists, and 

parHcipants discussed the range of treatment opHons leading to a disHnct lack of 

agreement between clinicians. One parHcipant expressed their disagreement with a 

previously experienced approach: 

“I certainly didn’t agree with the ethos of let’s put them in a wheelchair for a 

year, because I don’t think that made any difference to the outcome” 

Clinician 2, Surgeon  

The disagreement amongst clinicians was even recalled by the families of children 

with Perthes’ Disease. One mother described a discussion with a surgeon: 
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“that's what (my consultant) said. He was like, I'm so sorry, if you go and see 

any consultant, we’ll all say something different” 

Family member 7, Mother of young male  

The clinician parHcipants highlighted the need for this to change, and menHoned the 

need for consensus on treatment opHons on a number of occasions. With some 

parHcipants calling for the inclusion of naHonal bodies to be involved with a'aining 

clinical consensus. To ensure that children with Perthes’ Disease receive the opHmal 

care and that clinicians are “all giving the same kind of informaHon”.  

 

3.11.2 Theme two: Assessing paBent outcomes 

Understanding outcomes that are important to key stakeholders is vital to 

understanding the care undertaken so far. It also helps inform any future 

intervenHons that may be developed and implemented. Furthermore, agreement 

about key outcomes ensures that comparisons between treatment choices can be 

made in a formal sense. The sub-themes are ‘defining outcomes’ and ‘raHonale for 

treatment approach’. 

 

Defining outcomes 

Clinicians and children/families alike all have desired outcomes in their mind when 

considering treatment approaches. Of course, the decision making behind this may 

differ based on many factors such as experience, knowledge or prioriHes, 

nevertheless, the decisions are based on outcomes. To explore the outcomes of 

importance to key stakeholders, this sub-theme demonstrates points at which 

parHcipants discussed any outcomes for children with Perthes’ Disease, including 

clinical outcomes such as radiological outcomes or need for surgery as an adult, or 

more funcHonal outcomes such as being able to take part in physical acHvity. 

All parHcipants (clinicians, children and family members) emphasised the importance 

of maintaining levels of funcHon and minimising pain when considering treatment 
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approaches. Although clinical outcomes (e.g. radiological findings) were reported, the 

social interacHon of the child was highlighted. Some parHcipants also discussed 

school a'endance and subsequent mental health issues.  

“I’m thinking about the child, I don’t want them to be in pain, I don’t want 

them to be limping, I don’t want them to be off school for six months so that 

they get mental health issues, which we’re seeing a lot of right now” 

Clinician 3, Surgeon 

When considering the long term, parHcipants repeatedly referred to the link between 

a poor outcome and the early need for total hip replacement (THR). It was interesHng 

to hear both clinician and child/family parHcipants report that early THR was not 

necessarily a bad outcome, if it resulted in significant improvements in funcHon, pain 

and quality of life. One family member recalled a point at which the child claimed:  

“if it means genng rid of the pain, I’ll have the opera@on and have a new hip”  

Child 2, young male  

The quote above demonstrates the impact that pain has on the child’s quality of life 

clearly. Another point of interest that was key to the interviews was the need for more 

research around outcomes following intervenHon, including research to find out what 

is a ‘good’ or ‘bad’ outcome for the paHent. A clinician parHcipant (Clinician 8, 

Surgeon) demonstrated the lack of ability to measure what is a ‘good’ outcome for 

children, “I genuinely don’t know what’s successful and what’s not successful”.  

 

RaHonale for treatment approach 

ParHcipants discussed the reasons for why a treatment approach was chosen. These 

approaches varied depending on whether it was clinician or child/family parHcipants, 

but they were largely based on the child’s perceived outcomes. Whether that be 

short-term outcomes such as pain and funcHon, or longer-term outcomes such as the 

need for early total hip replacement and hip condiHon at skeletal maturity. 

Understanding these decision-making experiences and what is important to both 
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clinicians and children/families can be useful for things such as the development of 

intervenHons for this paHent populaHon.  

Typically parHcipants discussed ROM, pain and funcHonal ability as key indicators for 

when intervenHons such as surgery were needed. With many reporHng that those 

with good ROM and minimal pain doing well with just physiotherapy and those 

presenHng with poor ROM and more pain tend to go on to have surgical intervenHon. 

This was the case for both children having minimal input and those having relaHvely 

significant input. With ‘hands-off’ approaches aiming to, in the words of one 

parHcipant (Clinician 8, Surgeon) “let your kid be normal”. In contrast, another 

parHcipant explained that whilst a THR seemed extreme, it had dramaHcally 

improved their acHvity levels, from what was a previously low-level state: 

 “these kids are in pain, it’s limi@ng their func@on…they’re genng pain daily, 

they’re limping, they’re having to use a s@ck at university, they can’t par@cipate in 

sports. And actually you give them a hip replacement and they’re cracking on like 

nothing’s ever wrong and they love it. I had one boy emailed me from climbing Machu 

Picchu in Peru for his follow-up PROMs data and he’d had it for Perthes’.” 

Clinician 3, Surgeon  

Clinicians reported that the older a child was at presentaHon, the worse the outcome 

tended to be and that it ohen influenced their treatment decisions. Children/family 

parHcipants were also aware that age influenced their treatment opHons. There was, 

on more than one occasion, discussion that treatment approaches were not based 

on raHonale, rather based on experience with some suggesHng that any type of 

intervenHon did not impact outcome. One clinician parHcipant said,  

“I’ve got to put my hands up and say I do very liNle with these kids now 

because over @me you know that these kids, a lot of them will come out the 

other end no maNer what you do with their own outcome”.  

Clinician 10, Physiotherapist 
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A further consideraHon highlighted when recommending treatments was the 

financial ability of families to provide some therapies, such as swimming and cycling. 

Whilst they are commonly advised, a physiotherapist explained the potenHal burden,  

“The financial ability of the parent and their @me to be able to take the kid 

swimming, to access swimming, to access cycles – they may not be able to 

afford a bike.”  

Clinician 9, Physiotherapist  

 

3.11.3 Theme three: Reasons for app use 

Understanding the moHvaHon for any parHcipant to use a potenHal intervenHon is 

vital to the design and development process. In this study, thoughts and experiences 

on app use were explored, both in the context of this project i.e., for a Perthes’ 

Disease self-management digital intervenHon, and in similar types of apps. The sub-

themes within this theme are ‘previously successful or beneficial apps’; ‘doing 

something rather than nothing’ and ‘rewards and levels’. 

 

Previously successful or beneficial apps 

There are no apps for children with Perthes’ Disease, of any kind. Therefore, in order 

to design and develop one for the self-management of the condiHon, parHcipants 

were asked about their experiences of using apps in other areas of life. This was to 

explore whether aspects of success could be transferred into this context to opHmise 

user-experience.  

Clinicians were able to draw on experience from using apps in other clinical areas that 

they work in. A clinical nurse specialist discussed the success that an app had yielded 

in a limb-reconstrucHon clinic where children were responsible for their programme 

of external fixaHon maintenance. This parHcipant (Clinician 11, CNS) specified that 

the success was linked to “the kids geqng involved and doing it themselves” which 

any potenHal app for Perthes’ Disease would aim to do in order to increase autonomy 
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and independence. Similarly, a physiotherapist reported that an app used with 

paHents with rheumatological condiHons had been successful and when discussing 

the potenHal for an app for Perthes’ Disease, suggested: 

“if we could use it in a similar way to how the rheumatology self-management 

app works, I think that might improve compliance”  

Clinician 9, Physiotherapist 

This has parHcular importance when considering previously discussed themes that 

outline the variaHon of care within Perthes’ Disease. The feelings that parHcipants in 

this study and previous PPI work have expressed that engagement is an issue with 

self-management aspects such as physiotherapy.  

Using apps is not novel to children; many children explained how they have used apps 

in other seqngs e.g. school homework. A common undertone within this sub-theme 

was that children used apps for homework that was previously quite difficult to 

engage with and had even resulted in an educaHonal benefit. This was demonstrated 

well by an eight-year-old child with Perthes’ Disease, when asked if they liked using 

an online maths homework: 

“Yes, because it’s fun and it’s not like normal maths homework” 

Child 1, young female  

One parent of a sixteen-year-old (Family member 6, father of older child) explained 

that “apps are something they’re more comfortable with, so I think (an app for 

Perthes’ Disease) is a great idea”.  

 

Doing something rather than nothing 

This sub-theme relates to regularly reported aqtude regarding the treatment of 

Perthes’ Disease from clinicians and families generated in PPI acHviHes leading to this 

study. Ohen non-surgical treatment of Perthes’ Disease involves regular observaHon, 

which may be called ‘acHve observaHon’ or equivalent. This sub-theme describes 

responses from parHcipants that have talked about having a self-management app 
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for Perthes’ Disease to offer ‘something rather than nothing’ for these children and 

families.  

The responses within this sub-theme were from clinicians, and all described a similar 

concept, empowerment. All-but confirming what is thought from the available 

literature, a parHcipant described how children with Perthes’ Disease and their 

families ohen feel when the decision is made to proceed with non-surgical treatment: 

“I think that some@mes you get a diagnosis of Perthes’, and if your orthopaedic 

surgeon is going down a nonsurgical route, I think that in one way the parents 

and the children are pleased they don’t need the surgery, but in another way 

then they’re not having, in their mind, an ac@ve treatment” 

Clinician 7, Surgeon  

A clinician parHcipant (Clinician 1, Surgeon) described the app as an intervenHon that 

could make users “feel empowered that they’re actually doing something to manage 

their own treatment”. Another parHcipant hinted towards this, staHng that:  

“an app might be a useful way for parents to engage and feel that someone 

cares about them”  

Clinician 6, Surgeon  

 

Rewards and levels 

The final sub-theme refers to the theoreHcal underpinning of this study. Linking 

rewards and levels within a potenHal app could result in improved adherence by 

increasing things like their levels of exercise-related saHsfacHon, autonomy and 

empowerment.  

An app for Perthes’ Disease would need to moHvate users to engage. The most likely 

users of the app from the responses gained in this interview study were children with 

Perthes’ Disease and their families. The SDT, which underpins this study, links 

moHvaHon to increased levels of physical acHvity by addressing things such as 

exercise-based saHsfacHon and autonomy. ParHcipants in this study referred to the 



 
 

 

91 

need for an app to include fun and innovaHve ways to engage children and also 

suggested that rewards and levels would be effecHve in doing so.  

There were references made by all types of parHcipants about the potenHal to use 

children’s favourite characters within an app such as video game characters or TV 

show characters. Similarly avatars were menHoned frequently by parHcipants, an 

eight-year-old parHcipant suggested: 

“you could get points every @me and then you can use those points to make 

your Avatar” 

Child 3, young male  

Children parHcularly, explained that they would like to design their avatar so it could 

look like them, and some reported having done this in previous apps. This as well as 

uHlising children’s favourite characters also links well to the SDT as the theory has 

frequently demonstrated a link between target populaHons benefiHng from 

increased levels of relatedness. Being able to see their favourite characters, or more 

so a representaHon of themselves, has the potenHal to significantly increase 

moHvaHon and result in increased engagement with a self-management app for 

Perthes’ Disease. Clinicians and other family members also expressed the need for 

incenHves for children to complete things, like exercise regimes and also menHoned 

that role models and rewards would opHmise this. 

 

3.11.4 Theme four: Core features of an app 

This theme explored parHcipants' thoughts around what an app should consist of. The 

sub-themes are ‘educaHonal resources regarding condiHon’; ‘communicaHon’ and 

‘self-management within an app’. 

 

EducaHonal resources regarding condiHon 

Being able to provide educaHonal resources for children with Perthes’ Disease and 

their families is not a new problem. The parHcipants made that abundantly clear and 
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had very clear direcHon for what a digital intervenHon might include in that regard. 

There were frequent menHons of consistent and reliable informaHon that could be 

stored in an app. Many reported that exisHng resources and methods of informaHon 

gathering, such as social media or simple search engine reviews, can be dangerous. 

When asked about the use of an app for educaHonal resources about Perthes’ 

Disease, a mother of a 9-year-old explained: 

“I think that’d be good, yes, if there was more informa@on in one place (an 

app). One that isn’t just like a scary site of mums all freaking out” 

Family member 11, mother of young female  

Having a centralised place for children with Perthes’ Disease and their families to 

refer to had many potenHal benefits for parHcipants. Clinicians, children and families 

menHoned the benefit of having informaHon digitally available meaning it didn’t get 

lost. ParHcipants also menHoned the benefit of informaHon being available in 

between hospital appointments which can ohen be long periods of Hme. EducaHonal 

informaHon was also thought to be of use in other seqngs, such as schools, to raise 

awareness and educate others on the condiHon.  

A final element of educaHon that arose from the interview responses was the 

empowerment benefit for children to have explanaHons that are suited to their 

age/ability, to explain the condiHon. One mother highlighted that this informaHon 

may have helped her child understand his condiHon more, and also to understand 

why his acHvity was restricted in the early stages of the disease. 

“He can’t go and join a football team, he’s not allowed to go on a bouncy 

castle, if he could have a bit more understanding of why he can’t do those 

things, I don’t know if that would help, but that’s probably the one thing that 

he really, really, struggles with” 

Family member 8, mother of young male  
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CommunicaHon 

Being able to discuss Perthes’ Disease in a range of ways was something that almost 

every parHcipant highlighted in their interview responses. The most common was the 

potenHal for ‘forums’ or ‘chat rooms’ for children/families to talk to other children 

with Perthes’ Disease/families. Understandably, there are safety concerns around 

this, and parHcipants highlighted this too. Nevertheless, parHcipants highlighted the 

potenHal benefits for children with Perthes’ Disease being able to discuss “how 

annoying is my mum telling me no all the Hme?” (Family member 1, mother of young 

female).  

CommunicaHng with medical staff between clinic visits was also discussed by many 

parHcipants, both from children/families and clinicians. Similar to the potenHal for 

inter-paHent communicaHon, it is certainly something that has risks involved and was 

also acknowledged by parHcipants. One surgeon (Clinician 7, Surgeon) highlighted 

the benefits that communicaHon with healthcare professionals could have, but also 

explained that direct communicaHon from parents and families was “just too much”, 

and may set unrealisHc expectaHons regarding the clinical service’s ability to respond. 

Clinical markers and progress also featured regularly in this theme, with parHcipants 

discussing the potenHal for physiotherapy regime compleHon being trackable and 

perhaps even checkable by the physiotherapy team. Also, the ability to bring ‘diaries’ 

of things like physiotherapy, sleep and acHvity was something that many parHcipants 

thought would be a posiHve element in an app.  

 

Self-management within an app 

As demonstrated in the a'ached themaHc table (Appendix H), there was at least one 

response from each parHcipant relaHng to this sub-theme. Designing a digital 

intervenHon such as an app to enable children with Perthes’ Disease and their 

families to self-manage the condiHon had benefits to all involved. Clinicians talked of 

the benefits of introducing an app to children and their families: 
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“giving a pa@ent some kind of interven@on so that they feel empowered that 

they’re actually doing something to manage their own treatment or their 

child’s treatment, I think will go down really well”  

Clinician 1, Surgeon  

This was echoed by clinicians and child/family parHcipants alike, who referred to the 

need for “ownership”. In the interviews, children replied that they wanted to know 

what to do when it hurts and what they can do themselves. A clinician parHcipant 

(Clinician 9, Physiotherapist) highlighted the need for child-involvement and 

autonomy within their own care, irrespecHve of the age of the child, staHng that “no 

ma'er how young the kids are, they want to be involved in their own care”. Similarly, 

a clinical nurse specialist in orthopaedics highlighted the potenHal benefit of an app 

for children that were transiHoning to adult care, when discussing the use of an app:  

“it’s encouraging them to be more autonomous in their care, because that’s 

teenage transi@on. We’re teaching young people to take responsibility for 

their care” 

Clinician 11, Clinical Nurse Specialist  

Understandably there were some reservaHons around the potenHal for self-

management intervenHons to be clearly defined. For instance, with this potenHal 

digital self-management intervenHon, it would not be the case that an app would 

replace care. Rather, it would supplement exisHng care and provide an intervenHon 

that would support children with Perthes’ Disease and their families over the course 

of the disease process. One surgeon highlighted the importance of this by reporHng:  

“Do I want an app telling what I should do for my pa@ents? Hell no”.  

Clinician 3, Surgeon  

This highlights the need for any design and development to include a tailored training 

plan for the users, and those providing access. This will ensure that all parHes involved 

understand the role and scope of the intervenHon. 
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3.11.5 Theme five: Who, when, where 

To explore the thoughts of key stakeholders, quesHons were asked relaHng to using 

an app as a self-management intervenHon for Perthes’ Disease. The sub-themes are 

‘different users of the app’; ‘when the app gets used’ and ‘where the app gets used’.  

 

Different users of the app 

Understanding who key stakeholders perceive to be the main users of any potenHal 

app is important, to ensure any future planning is based on the opinion of those that 

will have the app presented to them. Clinicians and family members alike both 

recognised very frequently that children are parHcularly accepHng of apps. This 

seemed to be irrespecHve of age, with it never being menHoned that a child may be 

“too young” and one parHcipant even reporHng that “most three- and four-year olds 

can navigate a smartphone now”. Because of this, many reported that they think 

children using the app is a good idea for future self-management of the condiHon. 

This was supported by numerous menHons of autonomy and “ownership” on the 

child’s behalf with regards to the condiHon as shown in the quote below: 

“The other thing I love with apps is that it enables the child to take some 

ownership and some responsibility, and they have therefore some 

understanding of what they’re trying to achieve. No maNer how young the 

kids are, they want to be involved in their own care on the whole, I’ve found. 

And I think that’s important to acknowledge that and to respect that and to 

enable that. So yeah, bloody love an app” 

Clinician 9, Physiotherapist  

There were menHons from clinicians about the potenHal for socioeconomic status or 

deprivaHon to impact the accessibility of a potenHal app. Things such as smart-device 

access and mobile data both arose as a potenHal barrier to use, however these were 

significantly outweighed by the number of clinicians suggesHng that on the whole 

most families they treated, irrespecHve of socioeconomic status, had access to smart-

devices. InteresHngly this was never menHoned in the interviews with 
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children/families, further supporHng the likelihood of access not being an issue for 

children with Perthes’ Disease. It is worth noHng that in the secHons below, there are 

a number of references to the fact that any difficulty to accessing an app could be 

addressed with things such as access in school or access in hospital using devices 

owned by respecHve organisaHons.  

In the interviews with children/family members, it became apparent that the ability 

for parents to access reliable informaHon about Perthes’ Disease was important. 

Whilst many suggested a potenHal app should be largely child-facing, many also 

explained that an interface for parents could be of significant benefit. One parent 

(Family member 10, mother of older female) menHoned the benefit of having a safe 

place to go for informaHon “because there’s a lot of scaremongering that goes on 

online”.  

 

When the app gets used 

In this sub-theme, the focus was around when the app would be used, both in terms 

of what Hme of the day the app would be used e.g., before/aher school and when in 

the ‘Perthes’ journey’ the app might get used. The la'er refers to discussions with 

parHcipants about the app being used at different Hme-points in the disease process, 

for instance, iniHal diagnosis, to provide informaHon on the condiHon or throughout 

the condiHon for self-management acHviHes, such as physiotherapy or access to 

frequently asked quesHons.  

Children/family parHcipants discussed the use of an app almost as if it becomes part 

of their rouHne, and one mother highlighted that if it was to support things such as 

physiotherapy at home, it would have a benefit for the child and parent. StaHng that 

children with their own app could complete their advised programmes because: 

“when we were given the physio ini@ally it was really @me-consuming for me 

to do. So if the child had their own app to follow themselves, it just frees up 

parents’ @me”.  

Family member 4, Mother of older male  
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Clinicians had more input regarding when it may be most useful in terms of the stage 

in the disease process. An interesHng insight from a Clinical Nurse Specialist 

highlighted the potenHal for autonomy in teenagers. They highlighted that as they 

head towards the age at which they would transiHon to adult services, an app for 

these young-adults would be useful in enabling them to self-manage more effecHvely. 

 

Another clinician parHcipant highlighted the importance of Hming the acHviHes 

offered within an app carefully, suggesHng that, as with some physiotherapy 

modaliHes, excessive advice to exercise may exacerbate symptoms. This surgeon 

explained that stretching to increase range of movement may be good in the later 

stages of Perthes’ Disease, but in the iniHal stages could irritate an already inflamed 

hip joint.  

 

Where the app would get used 

Understanding where key stakeholders perceive paHents/families would use an app 

for self-management of Perthes’ Disease is vital to its design and development. In this 

sub-theme, the consideraHons that parHcipants had given towards the locaHon of 

app use is explored.  

Many parHcipants menHoned that an app would be of benefit because of its potenHal 

use at home, meaning things like children being able to access informaHon and advice 

independently at home and complete physiotherapy exercises. A CNS explained the 

importance this could have on not needing to come to hospital for repeat 

appointments if the paHent was able to self-manage using the app.  

School was ever-present in the discussion of where an app might be used, with 

clinician parHcipants suggesHng that given the access that modern schools have to 

technology, any issues around access to smart devices can be eliminated by children 

accessing the app at a school. Similarly, it was menHoned by a clinician parHcipant 

that access to smart devices could be done in a hospital seqng in the clinics if access 

was difficult. School remained common and was brought up by a child who 
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menHoned that an app would help her at school from things that have the potenHal 

to impact not only physical symptoms but social issues as well: 

“the teachers wouldn’t have to do one on one exercises, I can do it in PE, when 

the other kids are doing ac@vi@es that I can’t do”  

Child 11, young female  

Being able to use an app in school was menHoned in this way to demonstrate the 

autonomy that could develop for a child using it.  

 

3.11.6 Theme six: COVID impact 

This theme was not part of the analyHc framework, at any iteraHon. However, the 

impact of COVID is in all areas of life, and the treatment of Perthes’ Disease is not 

unscathed. Clinician and child/family parHcipants expressed the impact that COVID-

related lockdown and restricHons had on care for Perthes’ Disease. Some parHcipants 

explained the negaHve effects, such as children not being seen regularly. Previous 

themes have outlined the feelings of children with Perthes’ Disease and their families 

with regard to a lack of engagement between hospital visits. This was only 

exacerbated during the pandemic. A mother explained: 

“we’ve had COVID for two years so we, kind of, haven’t been seen. We’ve just 

been shoved on a shelf” 

Family member 1, Mother of young female  

The impact was felt by clinicians too, with pressures on waiHng lists meaning some 

surgeons not able to carry out procedures. As highlighted earlier, low-impact 

acHviHes such as hydrotherapy are common in treatment for Perthes’ Disease. COVID 

also led to logisHcal issues for services: 

“We used to use hydrotherapy, but we unfortunately don’t have a pool 

anymore, it was closed during COVID and it’s not looking like it’s going to 

open” 

Clinician 5, Physiotherapist  
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Amongst the understandable negaHve results of the pandemic, there was one 

parHcular benefit that parHcipants menHoned frequently. A parHcipant explained: 

“silver lining of COVID is everybody’s become so much more au fait with 

technology” 

Clinician 6, Physiotherapist  

This was recognised by clinicians and child/family parHcipants, and it is very likely that 

this is a contribuHng factor to the posiHve responses for a potenHal digital self-

management intervenHon for children with Perthes’ Disease. 

 

3.12 Discussion 

3.12.1 Main findings 

This study was the first to explore the experiences of children with Perthes’ Disease, 

their families and the clinicians who provide treatment. ParHcipants of all kinds 

described a variaHon in the care they deliver and receive. Clinicians parHcularly 

described that there was a lack of agreement amongst clinicians with no robust 

evidence to support their treatment choices. They also demonstrated the desire for 

more informaHon and evidence to support treatment for Perthes’ Disease so that the 

outcomes for the children were opHmised. The general feelings from the parHcipants 

were that an app would be an appropriate method of aiding self-management for 

non-surgical treatment of Perthes’ Disease.  

VariaHon within centres treaHng children with Perthes’ Disease in the UK has been 

demonstrated previously by the researcher [28] but the factors driving variaHon were 

not explored in that study. Throughout the interviews, parHcipants told us what the 

variaHon was, e.g. some surgeons opHng for a more conservaHve approach as they 

have gained more experience. This is something that the previous study was not able 

to capture [28]. Similarly, the lack of agreement is something that is known, and 

research focuses have been directed towards finding the most effecHve treatment 

[181]. However, this study highlighted the desire from clinicians as well as child/family 
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parHcipants for be'er evidence to support their decision making when considering 

non-surgical treatments for Perthes’ Disease. DigitalisaHon within the NHS is already 

taking place, and ensuring that future treatments target the needs of those using it is 

imperaHve [182]. This study demonstrated the acceptance and posiHve response to 

a digital intervenHon in the self-management of Perthes’ Disease. Previous PPI work 

has also yielded a posiHve response to this suggesHon, but this study was able to 

involve key stakeholders in the first stages of design. Their comments on content, and 

delivery, are vital to the next stage of intervenHon development. 

With clinical uncertainty, there are inherent risks associated with making treatment 

decisions. This is the first study that has given clinicians the opportunity to discuss 

their uncertainty in a research seqng. Children with Perthes’ Disease do not require 

regular appointments with healthcare professionals and ohen are living with a 

condiHon that is debilitaHng, with li'le input. The opportunity to discuss their 

experience is something that parHcipants responded to well. There is a potenHal that 

the recent COVID-19 pandemic played a significant part in the desire to share 

experience. That being said, the desire to ‘do something rather than nothing’ was 

ever present throughout all parHcipants. This may explain the posiHve reacHon to 

self-management, as well as the insights into what will posiHvely moHvate children 

to engage with a digital self-management intervenHon.  

 

3.12.2 Strengths and limitaBons 

Having the paHents and public that represent the populaHon give insight into 

intervenHons in the future (the use of an app) was a real strength of this study. It 

meant the researcher could combine their input with theoreHcal underpinning such 

as SDT and SEM to maximise the outputs in this qualitaHve interview study. The 

iteraHons of the coding framework and interview schedule are examples of how the 

PPI input informed by the theoreHcal underpinning affected study design. For 

instance, SEM was useful when considering the ‘levels’ that influence care i.e. the 

child’s independence, family support and organisaHonal factors (whether that be 

school, or a clinical organisaHon). SDT mapped to the themes of the study with clear 
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demonstraHons of elements such as the desire for educaHon from both child and 

family parHcipants. This aligns parHcularly with the ‘competence’ element of SDT 

which influences moHvaHon.   

As with any study, this qualitaHve piece of work was not without its limitaHons. 

Children/family dyads were sampled from three NHS sites via their exisHng 

orthopaedic appointments. CollecHng data from three sites only poses a risk of not 

represenHng the heterogeneity of the paHent populaHon as a whole, which might 

limit the transferability of study findings. To counteract this, purposive sampling was 

used, as well as clear discussions and instrucHons to PIs at each recruiHng site. This 

was to ensure that parHcipants were recruited to accurately represent the diversity 

of the paHent populaHon, but also the demographic of family members. This worked 

for children, with a varied cohort of sex, age and surgical/non-surgical management 

previously. However, family member homogeneity was more significant. Of twelve 

family members, there was one grandmother, one father, and the rest were the 

mothers of the children. This was somewhat bound by the responses and the scope 

of this project as part of a PhD, for instance, five fathers were contacted to take part 

aher expressing interest, but only one responded to the invitaHon. There is a 

potenHal for their viewpoint to be different to that received in this study, and could 

be considered in future studies. A further limitaHon within the study was the 

interview topics relaHng to app development. ParHcipants were informed about the 

PPI acHvity and previous work that had led to the plan for the development of an app 

in the PhD project. The risk associated with this is that it could influence parHcipant’s 

feelings and response towards the new intervenHon. This was considered prior to the 

start of the study, and felt unavoidable given the need for input as part of the 

intervenHon development process. Although it was unavoidable in this parHcular 

study, it was something that was considered in preparaHon for the nested qualitaHve 

study as part of the final study in Chapter six. 

Understanding the factors influencing the decision-making processes amongst 

clinicians treaHng children with Perthes’ Disease has not been invesHgated before. 

Being able to provide insight of a sample from the breadth of the UK, from regional 

children’s orthopaedic centres to smaller centres that do not treat many children with 
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the condiHon, is a strength of this piece of work. The digitalisaHon of a proporHonate 

consenHng process as well as the interview itself was imperaHve to this given the 

logisHcal impracHcaliHes of face-to-face interviews. UHlisaHon of the Framework 

Method led to the aims and objecHves of this study being met. It allowed theory and 

PPI input to shape the interview topic guides. This iteraHve approach was also used 

to develop the analyHc framework and coding strategies within themes and sub-

themes. Trials of interviews to test its ability to capture the true experiences of the 

parHcipants were important in the early phases of the study, and insight from 

experienced research team members were invaluable to this. The PPI has been strong 

throughout the project but also in the development of this qualitaHve study. 

MeeHngs with the study PAG to finalise study documents maximised parHcipaHon. 

Interview topic guides were reviewed at every stage to ensure that quesHons are easy 

to understand and yet, sHll address the aims of the study.  

 

3.12.3 Considering the reflexivity of the researcher 

It is necessary to consider the posiHonal reflexivity of the researcher. To do this is to 

consider the experience of the researcher in terms of beliefs, values and ulHmately, 

the influence on the research [183]. For context in this parHcular study, it was 

important to understand the researcher’s role as a person in the interviews and 

accept that they are an acHve part of every step of the research [184].  

ConducHng an interview study uHlised the researcher’s strengths as a children’s 

physiotherapist. One-on-one conversaHons with children were used to gain 

informaHon regarding their condiHon and experience, this is common daily pracHce 

in the role of a children’s physiotherapist. There are risks associated with the 

researcher being a health professional, with the main risk being that the clinical 

responsibility may ‘overtake’ the researcher. Discussing clinical issues with 

parHcipants may feel like a way to engage conversaHon, but without guidance to stay 

on topic, would have led to an unsuccessful interview; for example, there was a risk 

it could have become more of a clinical consultaHon and overly directed. To manage 

this, regular discussions and reviews of interviews took place with supervisory team 
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members (SR, SP – named authors on the published paper). Both have a wealth of 

experience in conducHng qualitaHve research, one of whom (SP) has extensive 

experience of qualitaHve research with children.  

Reflexive logs were kept from the beginning of data collecHon. These logs allowed the 

researcher to review interviews in terms of how they felt and whether there was 

acceptable/suitable conversaHon throughout to promote informaHon sharing. Logs 

were ohen based on discussions with supervisors as well as personal reflecHons and 

resulted in alteraHons in interview techniques. Interview skills, as well as reflecHons 

on the skills developed as data collecHon progressed. Most importantly to a point 

that would be beneficial in later studies within the programme of work. The final 

study includes a nested qualitaHve study within the feasibility study. The reflecHons 

included techniques such as altering quesHons to be more open-ended, and 

increased comfort with silences and pausing aher quesHons, to allow parHcipants the 

Hme to consider their thoughts and share what they saw fit.  

 

3.13 Conclusion  

The research set out to invesHgate the experiences and understanding of 

children/families and clinicians when considering non-surgical treatment of Perthes’ 

Disease. Also, it aimed to explore the potenHal for a digital intervenHon to support 

self-management. QualitaHve interviews were used to explore current care, the 

experiences of key stakeholders, and invesHgate the percepHons of key stakeholders 

when considering a digital self-management intervenHon.  

ParHcipants explained their exposure to the magnitude of the variaHon of care within 

this paHent populaHon. They discussed the impact that this variaHon of care had on 

them. Similarly, children and family parHcipants highlighted posiHve impact that 

being involved in decision making had on their experience. 

Children with Perthes’ Disease, their families who care for them, and the clinicians 

who treat them, have all demonstrated a desire for more informaHon to guide the 

non-surgical treatment. Most importantly, they have provided a posiHve response in 
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the data which informed the interim logic model in the development of a NON-STOP 

digital self-management intervenHon (Appendix I).  
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Chapter 4 – Clinical consensus recommenda1ons for the  

non-surgical treatment of Perthes’ Disease 

4.1 Introduc,on 

This chapter reports a modified Delphi study which produced clinical consensus 

recommendaHons for the non-surgical treatment of Perthes’ Disease. The findings 

have been published as: 

Galloway, A. M., Keene, D. J., Anderson, A., Holton, C., Redmond, A. C., Siddle, 

H. J., Richards, S., & Perry, D. C. (2024). Clinical consensus recommendaHons 

for the non-surgical treatment of children with Perthes’ Disease in the UK. The 

Bone & Joint Journal, 106-B(5), 501-507. h'ps://doi.org/10.1302/0301-

620x.106b5.Bjj-2023-1283.R1  

In reference to the MRC framework, this study maps to the “Developing the 

intervenHon” stage of the framework (shown in Figure 2.5). The Core elements of 

relevance at this stage were refine programme theory, aher having updated the logic 

model (Appendix I), engaging stakeholders, included as parHcipants and aiming to 

idenHfy key uncertainHes.  

 

4.1.1 Background 

The design, development and tesHng of a complex intervenHon includes mulHple 

stages [44]. The approach used in this doctoral project has been presented in Chapter 

two. This chapter describes the second study. A modified Delphi study to develop 

clinical consensus recommendaHons for the non-surgical treatment of Perthes’ 

Disease. 

In Chapter three, the experiences of key stakeholders were explored, and 

demonstrated a range of topics displayed using themes. One of the themes included 

discussions around the variaHon of care for children with Perthes’ Disease. 

ParHcipants demonstrated their desire for agreement on what non-surgical 

treatment of Perthes’ Disease should include. It is clear that there is a need for clinical 

https://doi.org/10.1302/0301-620x.106b5.Bjj-2023-1283.R1
https://doi.org/10.1302/0301-620x.106b5.Bjj-2023-1283.R1
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consensus on the non-surgical treatment of Perthes’ Disease. ParHcularly when 

combined with the previous research highlighHng the variaHon of care in the U.K. 

carried out by the researcher in preparaHon for this programme of work [28] and the 

priority seqng by clinical speciality groups [32].  

There is no robust evidence to guide clinicians on the opHmal non-surgical treatment 

of Perthes’ Disease [34]. In the absence of this, a Delphi study to achieve clinical 

consensus is an effecHve method. The results of this study form the majority of the 

‘clinical content’ for the digital self-management intervenHon which is described later 

in this thesis (Chapter five). Whilst the results of this Delphi study inform the later 

stages of this programme of work, the lack of previous consensus makes the results 

of the study useful as a standalone piece of work. It will influence and support 

decision making for clinicians caring for children with Perthes’ Disease. This has been 

supported by effecHve disseminaHon of results including with professional bodies 

and organisaHons in the children’s orthopaedic clinical seqng.  

 

4.2 Aims and objec,ves 

 

Aim 

To develop clinical consensus regarding the Non-Surgical Treatment of Perthes’ 

Disease. 

 

ObjecHve 

a) Undertake a consensus study, using a modified Delphi Method, to idenHfy best 

pracHce regarding the non-surgical treatment of Perthes’ Disease. 
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4.3 Study design 

This was a modified Delphi study, conducted to develop clinical consensus 

recommendaHons and points to consider for the non-surgical treatment of Perthes’ 

Disease. The consensus methods used were consistent with those recommended and 

previously used in children’s orthopaedics [136, 185-188]. The methods have been 

discussed in more detail in the methodology secHon in Chapter two.  

Considering the epistemological stance within this study, it is well-aligned with the 

stance of the overall thesis, pragmaHsm [42], which is discussed in more detail in 

Chapter one. A pragmaHc approach aligns with using a modified Delphi method to 

gather the views of clinical experts in the field where no robust evidence exists. This 

is useful for clinical guidance but also formed the content of the digital self-

management intervenHon for non-surgical treatment of Perthes’ Disease.  

 

4.3.1 RaBonale for the methodological approach 

Clinical consensus does not exist for many orthopaedic children’s condiHons. There 

have been clinical consensus groups established within the BriHsh Society for 

Children’s Orthopaedic Surgery (BSCOS) that have resulted in consensus statements 

being produced. RecommendaHons were produced for musculoskeletal infecHon 

[189], developmental dysplasia of the hip [190] and the assessment of the foot in 

children with cerebral palsy that used similar methods to this Delphi study [191]. 

There is an addiHonal Delphi study that was completed in children’s orthopaedics and 

published on the management of Congenital Talipes Equinovarus (CTEV) [187]. The 

Delphi study for CTEV focused on service delivery and intervenHons for the condiHon, 

not dissimilar to the aims of this study.  

The Delphi study offers certain advantages that most techniques do not, arguably the 

most influenHal in the context of this Delphi study, is remote compleHon. ParHcularly 

given the sparsity and dispersion of clinical specialists treaHng relaHvely low numbers 

of Perthes’ Disease in the UK. In the BriHsh Orthopaedic Surgery Surveillance (BOSS) 

study 63 centres in the UK treated 371 children with Perthes’ Disease over a two-year 
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period [25]. Gaining insight from these centres remotely significantly increases the 

ease of compleHon when compared to methods such as consensus development 

conferences. For example, a'empHng to have clinical specialists in the same place, at 

the same Hme would pose major logisHcal implicaHons. By contrast, the Delphi 

method allows these specialists to complete a survey from wherever they are. It 

therefore poses to increase ease of compleHon and potenHal response rate [137].  

 

4.3.2 Survey design 

The survey for this Delphi study was created in collaboraHon with a Survey Advisory 

Group (SAG). The SAG consisted of experts in this clinical area including specialist 

children’s orthopaedic physiotherapists, nurses and surgeons. There was 

representaHon from across the UK (Edinburgh, Sheffield, Leeds, Liverpool, London 

and York. There was also input from an independent chair, a post-doctoral clinical 

academic physiotherapist, with experience of conducHng Delphi studies using this 

methodology in the adult-orthopaedic populaHon. The ‘survey advisory group’ used 

their expert opinion as well as the summary of evidence (Appendix J ), to develop a 

series of ‘domains’. The summary of evidence was created by the researcher using 

the most relevant literature available pertaining to the non-surgical treatment of 

Perthes’ Disease. This included work completed by the researcher prior to the 

undertaking of this doctoral fellowship including a systemaHc review of the non-

surgical treatment of Perthes’ Disease [34], a case review to describe variaHon of care 

in the UK [28] and the preliminary findings from the qualitaHve interview study that 

had recently concluded at the Hme of creaHng the Delphi survey. The remaining 

literature included in the evidence briefing summary included the recently developed 

core outcome set for studies on Perthes’ Disease [95], the BOSS study [25] and two 

papers considered to be key papers in the field of Perthes’ Disease that compared 

surgical and non-surgical management [29, 30]. 

Several domains arose from the survey advisory group meeHngs, the domains that 

arose are displayed in Table 4.1 below. These domains included statements regarding 

the non-surgical treatment of Perthes’ Disease for which parHcipants would describe 
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their level of agreement/disagreement. The response-opHons ranged from ‘strongly 

agree’ to ‘strongly disagree’ on a five-point Likert-like scale. This method has been 

previously employed in Delphi studies within this paHent populaHon [187]. The 

survey advisory group met three Hmes virtually to discuss domains and wording of 

the statements for the final survey. There was communicaHon via email in between 

meeHngs for less Hme-consuming tasks such as document-reviews and wording 

clarificaHon. One key decision that was made within these survey advisory group 

meeHngs was the definiHon of ‘early’ and ‘late’ stage for the purpose of this 

consensus study. The raHonale for this was that advice given to families differs at 

different stages of the condiHon. The advice, parHcularly around weightbearing/high-

impact acHviHes such as trampolines and long-distance running, is something that is 

more relevant in the early stages of Perthes’ Disease. In the early stages, such as 

necrosis and early fragmentaHon, the avascular bone is at high risk of microdamage 

[49, 192]. Any recommendaHons made around exercise/acHvity advice would 

therefore depend on the stage of the child’s Perthes’ Disease. With this in mind, a 

decision was made to classify ‘early stage’ as children with Perthes’ Disease in the 

necroHc or fragmentaHon stage. Children were deemed ‘late stage’ if they were in 

the re-ossificaHon or healed stage of the disease. This informaHon was given to 

parHcipants on the online pla�orm used to host the survey to clarify for parHcipants 

compleHng the survey what was meant by ‘early’ and ‘late’ stage Perthes’ Disease for 

the purpose of this Delphi study. 

Table 4.1 – Domains within clinical consensus study 

Domain Topics covered 
Exercises Strengthening exercises (early and late stage) 

Range of moHon (ROM) exercises (early and late 
stage) 
Water-based exercises 
FuncHonal ability exercises 
Who, when, where? (who/when/where to do 
exercises) 

Physical acHvity RecreaHonal acHviHes (early and late stage) 
AcHvity modificaHon 
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EducaHon/informaHon 
sharing 

Understanding of Perthes’ Disease 
Pain management 
Weight management and nutriHon 
Mental wellbeing 

Input from other services Referral to orthopaedics 
Referral to physiotherapy 
MulH-disciplinary team input 
CommunicaHon between children/families and 
clinicians 
School support 

Monitoring assessments ROM measurement 
Outcome measures 
Orthopaedic follow up 

 

Aher the content for was finalised, the survey was uploaded to Online Surveys and 

forma'ed accordingly. Online Surveys has been used in Delphi studies previously and 

is provided by the University of Leeds [193]. The survey was then tested with a 

number of individuals (of differing experience of both the project and surveys) on a 

range of devices including internet browser on a computer, mobile phone and tablet. 

TesHng in a number of ways allowed the researcher to check accessibility and the 

pracHcal aspects of loading the survey. Minor correcHons included re-sizing of logos 

and alteraHons to links to the aforemenHoned evidence briefing paper.   

 

4.4 Sampling and recruitment 

This modified Delphi study took place completely online and recruited a volunteer 

sample of children’s-orthopaedic specialist clinicians. 

The target populaHon were UK-based clinicians (physiotherapists, consultant 

surgeons and clinical nurse-specialists) who worked in a clinical seqng at least once 

a week where children with Perthes’ Disease are seen. They also need to have at least 

two years of experience of treaHng children with Perthes’ Disease. This Hmescale was 

based on recent incidence rates that will ensure they have had adequate exposure 

and therefore an understanding of usual care for this paHent group [25]. The aim of 
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this study was to gain ‘clinical’ consensus; therefore children and their families were 

not eligible to complete the survey.  

 

4.4.1 Eligibility criteria 

Clinicians (UK-based physiotherapists, surgeons and clinical nurse-specialists) were 

eligible for inclusion if, 

1) They worked in clinical seqng at least once a week that manages children 

with Perthes’ Disease. 

2) They had at least two years’ experience of treaHng children with Perthes’ 

Disease. 

3) They had access to relevant technology (digital device capable of loading and 

compleHng the online survey as well as email) to take part. 

 

4.4.2 Recruitment 

ParHcipants were recruited using relevant special interest group mailing lists. BSCOS, 

which is open to all of the aforemenHoned clinical disciplines, as well as the 

AssociaHon of Paediatric Chartered Physiotherapists (APCP), a specialist group of 

children’s physiotherapists pracHcing in the UK. A professional relaHonship exists with 

both of these specialist groups and permission from respecHve gatekeepers were 

sought as part of the study approval. An email was sent to mailing list members to 

briefly explain the study and instrucHons on how to take part. Social media was also 

uHlised to maximise recruitment. Tweets tagging specialist interest groups were used 

and invited those interested to contact the researcher for more informaHon regarding 

the study. 

Purposive sampling was used in this Delphi study [173]. Using this sampling method 

maximised the heterogeneity of the sample and ensure opHmal distribuHon of 

locaHon and professional discipline was achieved whilst maintaining experience level. 

This method had pracHcal benefits in that parHcipants could be recruited using the 

methods outlined below without employing Hme-consuming tasks such as contacHng 
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specific NHS centres for potenHal parHcipants. There are limitaHons to this method, 

selecHon bias being the most likely given that parHcipants are responding to an 

advert to take part [194].  

 

4.4.3 Sample size 

There are limited resources providing set guidance on the opHmal number of 

parHcipants for Delphi studies. An evidence synthesis in 2016 summarised the most 

commonly used methods for consensus and found that the most common sample 

size with Delphi studies was six to eleven parHcipants [185]. The authors highlighted 

work that stated panels of eleven had inter-rater reliability (Kappa) indices of 0.76 

[195], suggesHng a high level of agreement [196]. Another study within the review by 

Wagonner et al reported that a panel with less than six members had limited 

reliability and a group of over twelve parHcipants had an insignificant increase in 

reliability (no Kappa coefficient provided) [197]. Whilst the ‘insignificance’ is not 

quanHfied, it does suggest that a sample size or around six to eleven is sufficient, as 

demonstrated in a number of Delphi studies within the evidence synthesis. The 

authors of a study included in the evidence synthesis, Nair et al stated that Delphi 

panels must include an adequate number of parHcipants and, whilst that can be 

hundreds, it should be at least ten [195]. 

For this study, the recruitment target was 12 to 15 surgeons/clinical nurse specialists 

and 12 to 15 physiotherapists. This was in an a'empt to recruit 24-30 clinicians in 

total. This was deemed realisHc, achievable and was likely to result in sufficient 

responses to meet the aims and objecHves based on opHmal Delphi study designs 

[185].  

 

4.5 Consent  

Informed consent was gained for all parHcipants taking part in the study. Given the 

minimal risk to the parHcipants, a proporHonate consent process was adopted. This 

is in line with HRA guidance as well as methods employed in previously reviewed 
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studies within this fellowship [174]. The guidance in secHon 2.6 of the HRA document 

outlines that for self-compleHon survey studies proporHonate consent may be 

demonstrated by the return of the survey itself. In this study, parHcipants explicitly 

confirmed their agreement to take part, providing consent at a level above that 

deemed appropriately proporHonate for this type of study. It was made clear to the 

parHcipants that their involvement in this study would remain confidenHal and any 

findings shared will be anonymised. ParHcipants followed the link outlined in the 

email/social media post that directed them to the survey. The first page of the survey 

included the parHcipant informaHon sheet followed by the consent page. To 

demonstrate informed consent, the parHcipants Hcked a box outlining their 

agreement to involvement in this study and will include a ‘statement of agreement’ 

which read as follows: 

‘I have studied the informa@on provided in the par@cipant informa@on 

sheet and understand what will be required of me during this study. I give 

consent to the use of any informa@on gathered during this study for the 

purposes outlined by the research team. I also understand that my 

par@cipa@on is voluntary, and I am free to withdraw from this study, 

unchallenged, at any @me.’  

Confirming this statement acted as wri'en consent for the parHcipant, outlining 

explicitly that the parHcipant agreed to their inclusion in the study including 

permission to use data collected in the way outlined in the parHcipant informaHon 

sheet.  

 

4.6 Data collec,on 

Aher the survey had been agreed, it included 87 statements mapping onto the five 

domains shown in Table 4.1: ‘exercises’, ‘physical acHvity’, ‘educaHon/informaHon 

sharing’, ‘input from other services’ and ‘monitoring assessments for clinical pracHce’. 

ParHcipants then responded to each statement using a five-point Likert-like raHng 

scale, commonly used in this type of study [198, 199]. This is a'ached as Appendix K. 
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Using this scale, the parHcipant indicated their agreement (or otherwise) with each 

statement using the following opHons: 

1. Strongly agree 

2. Agree  

3. Neither agree or disagree 

4. Disagree  

5. Strongly disagree 

 

ParHcipants took part in two rounds of online data collecHon, and each round was 

open for three weeks. The survey was hosted using Online Surveys [193]. Aher 

compleHng the consent process, parHcipants were presented with the short evidence 

briefing document (Appendix J). In the first round of data collecHon, the parHcipants 

were asked to indicate their professional discipline (physiotherapist, nurse or 

surgeon). They then progressed to the online survey, which included a series of 

statements regarding non-surgical treatment approaches.  

In the first round, there were free-text boxes in which parHcipants were able to 

comment on the statements provided as well as their responses. ParHcipants were 

able to suggest amendments or clarificaHons to the statement wording in preparaHon 

for round two. Any new suggested statements were discussed with the research 

team, and it was decided whether a statement would be included in round two. More 

detail on this process is in data analysis secHon 4.7.1. 

QuanHtaHve analysis for round one involved removing statements that achieved the 

pre-determined level of consensus, ³75% for either ‘agreement’ or ‘disagreement’. 

Agreement for this Delphi study was a response of ‘agree’ or ‘strongly agree’, similarly, 

‘disagreement’ was a response of ‘disagree’ or ‘strongly disagree’. A ‘neither 

agree/disagree’ opHon was provided.  

For round two, a summary report (Appendix L) was sent to parHcipants, providing a 

summary of the group’s results from round one including the statements that 

achieved consensus. There was no display of specific scores for each of the 

statements either as a whole cohort or the individual’s score for a parHcular 
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statement. The statements that did achieve consensus were removed from scoring in 

round two to minimise burden for parHcipants. For round two there was no free-text 

box available due to the decision to not have a third round. The parHcipants were 

asked to, once again, rate the statements using the five-point Likert-like scale as they 

did in round one. ParHcipants were made aware of the new statements for round 

two, of which there were five. New statements were clearly marked with an asterisk 

on the online survey that outlined that this statement was new to this round of the 

Delphi based on round one free text response and review.  

A consistent threshold of ³75% for either ‘agreement’ or ‘disagreement’ was used for 

round two to establish consensus recommendaHons. In order to not lose the 

opportunity to report potenHally meaningful informaHon from this consensus study, 

‘points to consider’ were also included. These were statements in which consensus 

was not achieved, yet the statement came parHcularly close and warranted some 

degree of reporHng, The reason for including this is that the statements may not have 

passed the 75% threshold, but were close to doing so and had a large proporHon of 

parHcipants selecHng ‘neither agree/disagree’ to that statement. Given the lack of 

robust evidence in this area, it was felt to be important to provide a list of these 

statements. This was in order to allow those uHlising the data from this Delphi study 

to apply clinical discreHon to the ‘points to consider’ as many may impact things like 

service provision in some areas, but not others.  

There have been previous studies that have employed various methods of defining 

‘points to consider’ or statements that did not achieve consensus. Many have used 

different approaches of reporHng these statements including ranking all of the 

statements within the Delphi study in order of ‘amount of agreement’ [200]. Here, 

Anderson et al ranked the statements that did not pass their agreed threshold (70%) 

in order of the percentage of people that voted ‘very important’ and then ‘important’. 

This is just one of many opHons in the available literature for Delphi studies, however 

a systemaHc review of [201] and a paper assessing the methodological 

appropriateness the Delphi design [136] reported that many thresholds used within 

the studies are somewhat arbitrary. An appropriate threshold to define ‘points to 

consider’ for this Delphi study in Perthes’ Disease was discussed with members of the 
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survey advisory group and supervisory team. It was agreed that it was suitable to 

apply a similar, lower threshold used in other Delphi studies for consensus and use 

this as the criteria for ‘points to consider’ [202]. This was, therefore, defined as any 

statement that had 70% or more in either agree/disagree were classified as ‘points 

to consider’, of which there were three, these are clearly labelled in the tables within 

the results secHon.  

An iniHal email reminder was sent if no response is received aher one week of non-

compleHon, and a second aher two weeks. There was a period of three weeks 

between round one and two to allow for response analysis and any amendments to 

online surveys. A summary of the process can be seen in the flow chart below.  

 

4.7 Data analysis 

In this secHon, the method of analysis used for rounds one and two of this modified 

Delphi study are described. 

 

4.7.1 Round 1  

Free-text responses were analysed using content analysis [194]. This method involved 

the researcher reviewing the responses and idenHfying the presence of content that 

could be associated with one of the domains within the round one survey. In the 

event of a free-text response being something that did not align with a domain, this 

was to be discussed with the supervisory team and if appropriate, provided in a 

separate ‘other’ secHon in round two. Consistent with the methods described in 

other Delphi studies [203], these statements were organised in a document in 

secHons depending on the domain they described. Where responses were relevant, 

they were used to form a new statement for the second round of the study. An 

example is shown in Figure 4.1 below: 

Figure 4.1 – Example of survey with new statement for round two 
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In this example, a free-text response suggested that children should complete 

exercise that increases respiratory rate and heart rate. This was analysed by the 

researcher and checked with members of the supervisory team, and deemed 

appropriate to include in round two and achieved consensus.  

 

4.7.2 Round 2 

Round two analysis did not include any qualitaHve aspects due to the removal of the 

free-text boxes. The quanHtaHve analysis method was the same as in round one, with 

statements achieving clinical consensus presented within the domain in which they 

sat. The only addiHon in round two was that the final list of statements that were 

between 70-75% consensus were deemed ‘points to consider’ in the final list of 

statements.  

An overview of the process followed within this Delphi study is shown below in Figure 

4.2 
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Figure 4.2 – Flow chart showing process of Delphi 

 

Survey advisory group
meetings to form statements for survey

Testing of provisional survey on numerous platforms

Round 1 of Delphi study open

Collect results of Round 1:
- Analyse free text responses and formulate statements for 

review
- Analyse round 1 responses and remove those that 

achieve consensus 

Preparation for Round 2:
- Review statements formed from free-text responses

- Prepare report of round 1 results for participants 
- Prepare survey for Round 2

Round 2 of Delphi study open

Collect results of Round 2:
- Analyse Round 2 responses 

- Prepare list of statements that achieve consensus and 
points to consider
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4.8 Ethics 

This study recruited from professional bodies (BSCOS and APCP) and not through NHS 

services. It, therefore, required approval from the University of Leeds [204]. This was 

granted on 25/10/2022 and assigned the reference MREC 22-003. 

 

4.9 Results 

In round one, 40 parHcipants responded to the survey. Nine did not respond to round 

two. More informaHon on parHcipants for each round can be seen in the table below. 

Table 4.2 – ParHcipant characterisHcs for rounds one and two 

 Round 1 Round 2 
Profession Number of par.cipants 

(%) n = 40 
Number of par.cipants 
(%) n = 31 

Physiotherapist 22 (55) 19 (61) 
Orthopaedic surgeon 17 (43) 11 (36) 
Clinical Nurse Specialist 1 (2) 1 (3) 

 
 

4.9.1 Round 1 

Aher 40 parHcipants responded in round one, there was clinical consensus in 31 

statements across the five domains which were excluded from round two. There were 

nine statements in ‘exercises’ that achieved consensus; five statements in ‘physical 

acHvity’; ten in ‘educaHon/informaHon sharing’; five in ‘input from other services’ 

and two in ‘monitoring assessments for clinical pracHce’. SecHons below report the 

final list of consensus statements aher compleHon of all rounds, with detail on the 

percentage of consensus achieved.  

There were 38 free-text responses aher round one. From these, six were presented 

to the supervisory team for discussion on inclusion in round two. Three of these 

statements were included in round two as new statements. One in the domain 

‘exercises’ and two in the domain ‘EducaHon/informaHon’. The statement in the 
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‘Exercises’ domain was appropriate to include in both the ‘early stages’ and ‘late 

stages’ of Perthes’ Disease, creaHng a fourth addiHonal statement.  

The reasons that were excluded included statements outlining current clinical 

pracHce which was not relevant to this Delphi study or were outside of the scope of 

this Delphi study. An example of this was discussion around exclusion of other 

condiHons.  

It was made clear to parHcipants that the statements were new to round two at the 

point of responding. There was also informaHon in the report following round one 

(Appendix L) to remind parHcipants that there were new statements for round two.   

 

4.9.2 Round 2 

31 parHcipants responded to 60 statements in round 2 of the Delphi study (see Table 

4.1). Aher round two, there 45/91 statements that achieved consensus within the 

five domains. This secHon will outline the statements that achieved clinical consensus 

and are recommendaHons for clinical pracHce. 

 

4.9.2.1 Exercises 

14/32 statements in the ‘Exercises’ domain achieved consensus, and one point to 

consider, as shown in table 4.3 below. 

Table 4.3 – Consensus statements in the ‘Exercises’ domain 

Exercises 
Statement Outcome % 
a. Strengthening exercises. “Children with ‘early stage’ Perthes’ Disease should 
complete”: 
i) hip strengthening exercises  No consensus  
ii) knee strengthening exercises No consensus  
iii) foot & ankle strengthening exercises No consensus  
iv) trunk strengthening exercises No consensus  
v) high impact strengthening exercises (e.g. squat-

jumps, star-jumps) 
Disagree  83 
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vi) any strengthening exercises as long as they avoid 
discomfort 

No consensus  

vii) regular cardiovascular exercises aiming to increase 
heart rate and respiratory rate (as per naHonal 
guidelines) 

Agree 78.1 

b. Strengthening exercises. “Children with ‘late stage’ Perthes’ Disease should 
complete”: 
i) hip strengthening exercises  Agree 85.4 
ii) knee strengthening exercises Point to consider 70.7 

agree 
iii) foot & ankle strengthening exercises No consensus  
iv) trunk strengthening exercises Agree 78.1 
v) high impact strengthening exercises (e.g. squat-

jumps, star-jumps) 
No consensus  

vi) any strengthening exercises as long as they avoid 
discomfort 

No consensus  

vii) regular cardiovascular exercises aiming to increase 
heart rate and respiratory rate (as per naHonal 
guidelines) 

Agree 87.5 

c. Range of movement stretching exercises. “Children with ‘early stage’ Perthes’ 
Disease should complete”: 
i) hip stretches Agree 90.3 
ii) knee stretches No consensus  
iii) foot and ankle stretches No consensus  
iv) spinal stretches No consensus  
v) any stretching exercises as long as they avoid 

discomfort 
No consensus  

d. Range of movement stretching exercises. “Children with ‘late stage’ Perthes’ 
Disease should complete”: 
i) hip stretches Agree 78.1 
ii) knee stretches No consensus  
iii) foot and ankle stretches No consensus  
iv) spinal stretches No consensus  
v) any stretching exercises as long as they avoid 

discomfort 
Agree 75.1 

e. Water-based exercise. Children with Perthes’ Disease should be advised to 
complete 
i) supervised (physiotherapy-led) water-based 

exercise 
No consensus  
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ii) water-based exercise as self-management, i.e., 
prescribed exercises in a local pool (not supervised 
by a physiotherapist) 

Agree 82.9 

iii) water-based exercise when land-based 
physiotherapy is not effecHve 

Agree 80.5 

f. Func@onal ability exercises  
i) Children with Perthes’ Disease should complete 

balance exercises 
Agree 84.4 

ii) Children with Perthes’ Disease should receive gait 
educaHon 

Agree 84.4 

iii) Children with Perthes’ Disease should have advice 
on potenHal use of mobility aids 

Agree 82.9 

e. Who, when, where? Children with Perthes’ Disease should complete prescribed 
exercise regimes 
i) at home under the supervision of parent/family 

members 
Agree 85.4 

ii) at school under the supervision of school-staff 
members 

No consensus  

iii)  at the hospital under the supervision of clinicians No consensus  
iv) at extracurricular acHviHes (e.g., sports clubs, etc.) 

under the supervision of those leading the 
acHviHes 

No consensus  

 

4.9.2.2 Physical acHvity 

9/20 statements in the ‘Physical acHvity’ domain achieved consensus, as shown in 

table 4.3 below. 

Table 4.4 – Consensus statements in the ‘Physical acHvity’ domain 

Physical ac.vity 
Statement Outcome % 
a. Recrea@onal ac@vi@es. “In the early stages of Perthes’ Disease, the following 
ac@vi@es should be discouraged”: 
i) Swimming Disagree  78 
ii) Contact sports (e.g. football, rugby) Agree  78.2 
iii) Other team sports (e.g. basketball, netball, hockey) No consensus  
iv) Long distance running (more than 1-2 mile) Agree 75.6 
v) Horse riding No consensus  
vi) Cycling Disagree 84.4 
vii) GymnasHcs No consensus  
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viii) PE at school No consensus  
ix) High-impact acHviHes (e.g. bouncy castles and 

trampolines) 
Agree 90.6 

b. Recrea@onal ac@vi@es. “In the late stages of Perthes’ Disease, the following 
ac@vi@es should be discouraged”: 
i) Swimming Disagree  80.6 
ii) Contact sports (e.g. football, rugby) No consensus  
iii) Other team sports (e.g. basketball, netball, hockey) No consensus  
iv) Long distance running (more than 1-2 mile) No consensus  
v) Horse riding Disagree 75.1 
vi) Cycling Disagree 80.4 
vii) GymnasHcs No consensus  
viii) PE at school No consensus  
ix) High-impact acHviHes (e.g. bouncy castles and 

trampolines) 
No consensus  

b. Ac@vity modifica@on.” Children with Perthes’ Disease should”: 
i) use a walking aid (e.g. crutches, Zimmer—frame) 

to modify their acHvity if symptoms (pain, limping, 
reduced acHvity) persist 

Agree   80.5 

ii) use a wheelchair to modify their acHvity if 
symptoms (pain, limping, reduced acHvity) persist 

No consensus  

 

4.9.2.3 EducaHon/informaHon sharing 

13/20 statements in the ‘EducaHon/informaHon sharing’ domain achieved 

consensus, and one point to consider, as shown in table 4.4 below. 

Table 4.5 – Consensus statements in the ‘EducaHon/informaHon sharing’ domain 

Educa.on/informa.on sharing 
Statement Outcome % 
a. Understanding of Perthes’ Disease. “Clinicians should provide children/families 
with”: 
i) informaHon regarding the disease process 

including the affected anatomical structures and 
prognosis 

Agree 100 

ii) informaHon regarding current research relaHng to 
Perthes’ Disease including aeHology and 
epidemiology 

Agree  85.3 
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iii) informaHon regarding where addiHonal paHent 
and family informaHon resources can be found 
(e.g., STEPS website) 

Agree 100 

b. Pain management. “Children with Perthes’ Disease should be”: 
i) advised to take paracetamol or equivalent for pain 

management 
Agree   92.7 

ii) advised to take ibuprofen or equivalent for pain 
management 

Agree 81.7 

iii) advised to take morphine or equivalent for pain 
management 

Disagree 75.6 

iv) advised on pacing and acHvity levels Agree 97.6 
v) advised on the use of heat/cold therapy Agree 75.6 
vi) advised on the use of TENS/equivalent 

electrotherapy 
No consensus  

vii) encouraged to use massage to aid pain relief No consensus  
viii) prescribed steroid injecHon for pain management No consensus  
ix) be referred to a pain management service if their 

symptoms are not managed with medicaHon 
and/or physiotherapy 

Point to consider 71.9 
agree 

x) be provided with resources on chronic pain for 
persistent pain related to Perthes’ Disease (where 
general Perthes' advice is not relevant/effecHve) 

Agree 87.6 

c. Weight management and nutri@on 
i) Children with Perthes’ Disease should receive 

advice on lifestyle, weight management and 
nutriHon from a healthcare professional 

Agree 75 

ii) Children with Perthes’ Disease should receive 
advice on lifestyle, weight management and 
nutriHon only when indicated 

No consensus  

iii) Children with Perthes’ Disease should be referred 
to a specialist service for weight management and 
nutriHon when clinically indicated 

Agree 87.8 

iv) Monitoring weight management and nutriHon is 
an essenHal part of treatment i.e. height and 
weight at all appointments 

No consensus  

v) InformaHon from reviews such as acHvity-related 
informaHon, weight management advice or 
wellbeing support, should be shared with school 

No consensus  

d. Mental wellbeing. “Children with Perthes’ Disease and their families should be”: 
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i) given the opportunity to discuss their (or their 
child’s) mental wellbeing with any healthcare 
profession 

Agree 95.1 

ii) signposted to general mental wellbeing resources 
(e.g., the STEPS charity website or NHS 111 
website) 

Agree 92.7 

 

4.9.2.4 Input from other services 

7/16 statements in the ‘EducaHon/informaHon sharing’ domain achieved consensus, 

as shown in table 4.5 below. 

Table 4.6 – Consensus statements in the ‘Input from other services’ domain 

Input from other services 
Statement Outcome % 
a. Referral to orthopaedics 
i) Any child with suspected Perthes’ Disease should 

be referred for specialist review 
Agree 97.6 

ii) Any child who does not improve from a 
symptom/symptom-management perspecHve 
should have access to an orthopaedic specialist 

Agree 97.6 

iii) Children with Perthes’ Disease should be 
centralised to a team with a specialist interest in 
Perthes’ Disease in their geographical region 

No consensus  

b. Referral to physiotherapy. “Children with Perthes’ Disease should”: 
i) be offered an iniHal assessment with a 

physiotherapist 
Agree 97.6 

ii) be seen by a physiotherapist regularly unHl the 
disease process is complete/healing is observed 

No consensus  

iii) keep regular acHvity diaries to share with 
healthcare professionals 

No consensus  

iv) be seen by a physiotherapist unHl they can self-
manage independently 

Agree 75 

c. Mul@-disciplinary team input. “Children with Perthes’ Disease should”: 
i) be offered an assessment from an occupaHonal 

therapist 
No consensus  

ii) be offered an assessment from a social worker No consensus  
iii) be offered an assessment from a psychologist No consensus  
iv) have a named clinical ‘key worker’ regardless of 

MDT role 
No consensus  
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d. Communica@on between pa@ents and clinicians 
i) Children with Perthes’ Disease and their families 

should have a means of direct communicaHon with 
clinicians between appointments 

Agree 80.5 

ii) Children with Perthes’ Disease and their families 
should be directed towards means of contacHng 
other children with Perthes’ Disease and their 
families i.e. peer-support groups/forums 

Agree 95.1 

e. School support. “Children with Perthes’ Disease should have access to a”: 
i) physiotherapist in a school seqng No consensus  
ii) nurse in a school seqng No consensus  
iii) named school-support staff member Agree 81.2 

 
 

4.9.2.5 Monitoring assessments for clinical pracHce 

2/3 statements in the ‘EducaHon/informaHon sharing’ domain achieved consensus, 

and one point to consider, as shown in table 4.6 below. 

Table 4.7 – Consensus statements in the ‘Monitoring assessments for clinical 
pracHce’ domain 

Monitoring assessments for clinical prac.ce 
Statement Outcome % 
a. Clinical assessments. “Children with Perthes’ Disease should have”: 
i) their ROM documented at every appointment 

(regardless of MDT role) 
Agree 78 

ii) a validated quality of life assessment tool 
completed at iniHal assessment and regular 
intervals 

Agree 83 

iii) regular reviews with an orthopaedic specialist unHl 
they reach skeletal maturity 

Point to consider 73.2 
agree 

 

4.9.3 Differences between professions 

In both round one and two, there was a single clinical nurse specialist (CNS). 

Otherwise, in round one the cohort was divided into 22 physiotherapists and 18 

surgeons. In round two there were 19 physiotherapists and 12 surgeons. StraHfying 

the results by profession did not make for many differences in outcome. Below are 

two tables that demonstrate the statements in which there was consensus when 
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straHfying by profession. Table 4.7 shows the statements that achieved consensus 

when looking at the level of agreement/disagreement amongst the physiotherapists. 

Table 4.8 shows the statements that achieved consensus when assessing the level of 

agreement/disagreement amongst surgeons and CNS. 

Table 4.8 – Statements of consensus amongst physiotherapists 

Statement 
Original 
outcome 

Outcome aVer 
stra.fying 

Children with ‘early stage’ Perthes’ Disease should 
complete hip strengthening exercises 

No 
consensus 

Consensus 
agree (77.4%) 

Children with ‘late stage’ Perthes’ Disease should 
complete any strengthening exercises as long as 
they avoid discomfort 

No 
consensus 

Consensus 
agree (79%) 

Children with Perthes’ Disease should be referred to 
a pain management service if their symptoms are 
not managed with medicaHon and/or physiotherapy 

Point to 
consider 
(71.9%) 

Consensus 
agree (84.2%) 

 
Table 4.9 – Statements of consensus amongst surgeons and CNS 

Statement 
Original 
outcome 

Outcome aVer 
stra.fying 

Children with ‘late stage’ Perthes’ Disease should 
complete knee strengthening exercises  

No 
consensus 

Consensus 
agree (76.9%) 

Children with ‘late stage’ Perthes’ Disease should 
complete knee stretching exercises  

No 
consensus 

Consensus 
agree (76.9%) 

Children with Perthes’ Disease should be prescribed 
a steroid injecHon for pain management 

No 
consensus 

Consensus 
disagree 
(76.9%) 

Children with Perthes’ Disease should have regular 
reviews with an orthopaedic specialist unHl they 
reach skeletal maturity 

No 
consensus 

Consensus 
agree (84.6%) 

 

4.10 Discussion 

VariaHon in care negaHvely impacts children with Perthes’ Disease and their families; 

this was a significant theme in the recently published qualitaHve study [155]. Family 

members and clinicians expressed their desire for consensus aher outlining a sense 

of disagreement in the community. In response, this Delphi study was completed. The 
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aim was to develop clinical consensus recommendaHons with the aim of reducing the 

variaHon of care and provide insight as to what best pracHce may involve based on 

the opinion of experts. The consensus study helped to define the key intervenHon 

funcHons for a self-management intervenHon by idenHfying priority areas of clinical 

pracHce. These were then ready to integrate into the digital self-management 

intervenHon. They include stretching and strengthening exercises for the affected hip 

and educaHon regarding pain management, wellbeing, and disease progress.   

 

4.10.1 Exercise recommendaBons 

Exercises for lower limb strengthening and stretching exercises gained clinical 

consensus. Clinicians agreed children with ‘early’ and ‘late’ stage Perthes’ Disease 

should complete hip stretches. In 2006, Brech and Guarnieiro evaluated the effects 

of physiotherapy for children with Perthes’ Disease and concluded that children that 

received a stretching programme had an increased range of joint moHon (ROM) 

[156]. The study from 2006 does have limitaHons, with a small sample size in the 

treatment group (n=17) and no clear guidelines on intervenHon content other than 

the fact that parHcipants a'ended twice weekly physiotherapy sessions. There was 

also no comment on the stage of the disease of parHcipants. That being said, the 

parHcipants that completed a stretching programme had increased ROM at follow up. 

Which is posiHve for providing non-surgical containment of the femoral head given 

the need for decent amounts of abducHon and rotaHon at the hip to achieve 

containment [205]. Similarly those that completed a lower limb strengthening 

programme in the Brech and Guarnieiro study demonstrated an increase in muscle 

strength. ParHcularly when assessing the strength in rotaHonal movements of the hip. 

These muscles are, important in non-surgical containment of the hip joint. Having 

strength in muscles around the hip can reduce arHcular dysfuncHon [156]. Studies in 

similar condiHons such as femoroacetabular impingement syndrome have 

demonstrated that maintaining strength in muscles that abduct the hip allow it to 

move within the available range [206]. In relaHon to Perthes’ Disease, it is plausible 

to suggest that maintaining strength could lead to using the available range and 

reduce the risk of muscle shortening that comes with changes to the femoral head.    



 
 

 

129 

 

4.10.2 AcBvity recommendaBons 

There was clinical consensus for reducing high-impact acHviHes such as contact 

sports, trampolines and bouncy castles, and long-distance running (> 1 mile) in the 

‘early stages’ of Perthes’ Disease. There are no studies that look at acHvity 

modificaHon specifically, however many clinicians incorporate it into their non-

surgical treatment in clinical pracHce [207]. With the raHonale being that a soh 

femoral epiphysis combined with increased loads can lead to femoral head deformity 

[208].  

Hydrotherapy is a treatment opHon available to some physiotherapists, and has been 

found to be successful when used in some health-condiHons for children. In a study 

examining the effect of hydrotherapy on children with AuHsHc Spectrum Disorder 

(ASD), there were significant improvements in behaviours affecHng mental health and 

wellbeing following a period of hydrotherapy [209]. In 2005, a randomised controlled 

trial explored the effecHveness of hydrotherapy for children with Juvenile Idiopathic 

ArthriHs. The authors demonstrated improvements in quality of life scores and 

cardiovascular fitness for those receiving hydrotherapy [210]. It significantly reduces 

the forces through the hip and knee, with some data showing joint forces are reduced 

by up to 55% in dynamic exercises such as jumping in water [211].  

As discussed above, relieving the loading forces through the hip joint are widely 

accepted as an important aspect of treatment in the early phase of Perthes’ Disease. 

This is irrespecHve of whether a surgical or non-surgical approach is used [212]. 

Combine the benefits of water-based acHvity that exist in the literature, with the 

consensus in this Delphi to reduce high-impact acHviHes and sports, then it is not 

surprising to have achieved clinical consensus for the use of water-based acHviHes for 

self-management and swimming. All of the findings discussed do lead to quesHons 

about the implementaHon of water-based acHviHes for children with Perthes’ 

Disease. Specifically, does this need to be formalised hydrotherapy, or exercises 

prescribed to complete in water. AlternaHvely, and perhaps more pragmaHcally when 

considering the burden to healthcare services and families, general advice from 
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healthcare professionals to children with Perthes’ Disease and their families about 

regular swimming. Future research could evaluate the effecHveness and differences 

in experience of those carrying out therapist-supervised hydrotherapy for Perthes’ 

Disease when compared with a general recreaHonal swimming programme.  

 

4.10.3 EducaBon/informaBon sharing 

In Chapter three, which describes a qualitaHve study to understand key stakeholders’ 

experience of care for Perthes’ Disease, there was a recurrent theme which reported 

the need for consistent messaging, and informaHon for children with Perthes’ Disease 

and their families. ParHcipants recounted the experience of different clinicians giving 

different advice to paHents. In this Delphi study, 13 of the 45 statements that 

achieved clinical consensus fell within the ‘EducaHon/informaHon sharing’ domain. 

The over-arching programme of work in this project is to develop a self-management 

intervenHon that will include a significant amount of educaHon and advice for 

children and their families. The content of this will be derived with a focus on this 

Delphi study’s findings.  

 

4.10.4 Input from services 

This Delphi study achieved clinical consensus and recommended that all children with 

Perthes’ Disease should receive at least an iniHal assessment with a physiotherapist. 

There was also consensus that the child should be seen by a physiotherapist unHl they 

can self-manage independently. These findings contrasted with the variaHon in care 

in the UK for Perthes’ Disease idenHfied in a previous case review study by the 

researcher [28], in which almost 20% of parHcipants were not referred to a 

physiotherapist. With effecHve disseminaHon of this Delphi study’s findings amongst 

specialist interest groups in the UK, there is a potenHal to reduce some of the 

variaHon of care for these children. By providing recommendaHons to clinical 

specialists based on this consensus study, more children with Perthes’ Disease could 

have physiotherapy input. Other than the study discussed previously from Brech and 

Guarnieiro, there are no robust studies demonstraHng which types of physiotherapy 



 
 

 

131 

input are most effecHve, as demonstrated in the systemaHc review published by the 

researcher [34]. Future research could compare opHmised non-surgical treatment of 

Perthes’ Disease with care provision naHonally and internaHonally.   

As discussed, the prior qualitaHve study demonstrated the high degree of importance 

families put on educaHon related to the condiHon and being involved in their care. 

EducaHon concerning the disease progress was something clinicians agreed is 

paramount in the treatment of Perthes’ Disease, but this relies on access to specialist 

services. There was a strong consensus (>90% of clinicians) towards support for 

mental wellbeing of a child with Perthes’ Disease. Access to mental health support is 

challenging for children and young people in the UK. A study by Hines et al. 

demonstrated that in 2019 only 46 (26.6%) of acute hospitals had access to paediatric 

liaison psychiatry services [213]. Whilst this may have improved since, it certainly 

stands to reason that alternaHve approaches for delivering mental health support are 

needed. These could include signposHng to relevant third sector organisaHons and 

online support. In addiHon, clinicians could potenHally include mental wellbeing 

advice within the self-management support they provide. The qualitaHve study in 

Chapter three highlighted the thoughts and experiences of key stakeholders, 

involvement in decision making and feeling as though they are a part of their own 

care was important. Future research could re-visit the thoughts of children with 

Perthes’ Disease, their families, and the clinicians who care for them aher opHmising 

this informaHon provision for things such as mental wellbeing and available support. 

 

4.10.5 Monitoring assessments 

Clinicians who took part in this Delphi study agreed that children with Perthes’ 

Disease should have their hip ROM assessed at every appointment. It is understood 

that maintaining range of moHon at the hip joint allows for be'er joint congruency 

due to the impact of the immature femoral head against the acetabulum [64]. Being 

able to idenHfy when ROM changes is of importance to clinicians, a reducHon in ROM 

could indicate worsening joint deformaHon [214]. In this situaHon, a deformed 

femoral head can cause altered ROM where anatomical structures come into contact 
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and rather than the femoral head and acetabulum acHng as a ‘ball’ and ‘socket’, the 

femoral head ‘hinges’ off of the acetabulum. Ohen referred to as a complex form of 

femoroacetabular impingement [215]. This can cause significant pain for the child, 

and also direct treatment opHons. Increased femoral head deformity is a key criteria 

when considering whether a child with Perthes’ Disease should have surgery [216]. 

This is likely to explain why regular review of ROM gained clinical consensus in this 

Delphi study. 

 

4.10.6 Differences in professional groups 

The number of parHcipants in this Delphi study allowed some more in-depth analysis 

within sub-groups. As seen in secHon 4.9.3, it was possible to straHfy the results of 

the Delphi study by profession. This was separated into physiotherapy parHcipants 

and remaining parHcipants. For the purpose of data analysis, the single CNS’ results 

were analysed with surgeon responses.  

There were not many differences in terms of what achieved or did not achieve clinical 

consensus when straHfying for professional background. In the physiotherapy group, 

seen in Table 4.8, there were three statements that achieved consensus, all were for 

agreement. Two statements relate to the prescripHon of strengthening exercises. 

There is good reason to believe this achieved consensus for agreement due to the 

nature of the physiotherapy role. Provision of exercises for strengthening is very 

common pracHce, with literature supporHng the use of strengthening exercises for 

children with Perthes’ Disease [156]. The final statement that achieved consensus 

related to onward referral to pain management services for children with Perthes’ 

Disease who have persistent symptoms. Similar to the exercise statements, the whole 

cohort responses were not skewed towards disagreement, rather they had a higher 

proporHon of ‘neither agree or disagree’ which meant the statement did not reach 

the consensus threshold. This could be due to the understanding of services like pain 

management from other members of the MDT. For instance, very few 

physiotherapists see solely orthopaedic complaints and ohen refer into services like 

this. Whereas in the orthopaedic surgery seqng, the caseload is very specialised and 
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whilst no robust data exists, anecdotally it is reasonable to suggest their exposure to 

this service is less. Research to explore the understanding of MDT services as well as 

availability of services would be needed to understand the true reasons for this.  

Table 4.9 outlines the differences when straHfying for remaining parHcipants. This 

table has two statements pertaining to knee stretches/strengthening in ‘late stage’ 

Perthes’ Disease that would have reached consensus without physiotherapist 

involvement. It is not clear why the physiotherapy sub-group would have altered the 

consensus level for this statement. Future research could explore this further. 

However, in table 4.7, the statement ‘any strengthening exercise as long as they avoid 

discomfort’ achieved consensus. It is possible to suggest that the statement would 

address these knee exercises in ‘late stage’ Perthes’ Disease.  

In a similar way to the physiotherapy statements largely being role-specific 

statements, such as exercises and other closely linked services like referral to 

occupaHonal therapy, there is a slight pa'ern to the remaining parHcipants’ sub-

group. Statements around medicines use (steroid injecHon) and reviews within 

orthopaedic clinics (ohen surgeon/CNS-led) achieved consensus when removing 

physiotherapy parHcipants. It is also worth noHng there were other statements 

around medicaHon that achieved consensus in round one when straHfying for 

remaining parHcipants. These did however achieve consensus in round two. It is 

possible that this too relates to role specific duHes. Physiotherapists rarely prescribe 

or recommend the use of medicaHon because it is not a part of typical training, rather 

a specialist training that a small porHon of specialists receive in postgraduate seqngs. 

Physiotherapists also receive addiHonal training on things such as pain management, 

pacing and other holisHc approaches to pain management. Their experHse in this area 

are slightly wider-reaching than medicaHons and so could explain why their views on 

medicaHon are somewhat neutral. 

 

4.10.7 Strengths and limitaBons 

For the first Hme, a clinical consensus study has taken place for the non-surgical 

treatment of Perthes’ Disease. Previous work as part of this programme of research 
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(see Chapter three) has highlighted the desire from clinicians and key stakeholders 

for clinical consensus. Through robust methods, uHlising innovaHve online 

recruitment and compleHon, this Delphi study has achieved clinical consensus in a 

number of domains. Using professional specialist socieHes and social media to 

recruit, it led to a diverse sample of clinicians from the breadth of the UK and 

achieved a total number of parHcipants above the target of 24-30 parHcipants (40 

parHcipants in round one, 31 in round two). Whilst this number is not in the same 

region of other consensus studies for children’s orthopaedic condiHons [187], 

Perthes’ Disease is a much less commonly seen condiHon. Nevertheless, this study 

achieved a sample size that is recommended in the literature for the opHmum 

number of parHcipants for a Delphi study [136]. Another strength of this Delphi study 

in comparison to other children’s orthopaedic consensus studies is that it recruited a 

relaHvely equal number of physiotherapists compared to orthopaedic surgeons. This 

maximised the heterogeneity of the sample and in turn how effecHvely the results of 

this Delphi represent the populaHon that care for children with Perthes’ Disease.   

The sampling method used in this Delphi study is a potenHal limitaHon. Two methods 

of non-probability sampling could have been used to minimise bias. In this Delphi 

study, there was a naturally occurring miHgaHon for this risk. Snowball sampling 

happened as a result of the advert for the study being shared on social media (as per 

the protocol) and some clinical specialists contacted the researcher to explain that 

they had shared the invite with their clinical team [217]. It was not possible to track 

these parHcipants to monitor where they were recruited from. Nevertheless, all 

parHcipants were ve'ed in the same way and confirmed adequate level of experience 

and provided demographic informaHon to opHmise heterogeneity. Self-selecHon was 

a limitaHon that the researcher and supervisory team was aware of and accepted. 

Mostly because the nature of this study was to recruit specialists treaHng Perthes’ 

Disease, a condiHon that is not treated by every children’s-orthopaedic specialist in 

the U.K.  

Divergence between sub-groups is a limitaHon of this parHcular Delphi study. The 

parHcular risk in this Delphi was that with a mix of professions, there would be a 

difference of opinion in either direcHon that would result in a lack of consensus. To 
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miHgate for this, sub-analysis was completed with sub-groups based on professional 

background. Whilst there are not many, there are differences in consensus when 

straHfying by professional background as shown in secHon 4.9.3. An addiHonal risk in 

compleHng this sub-analysis is the of this nature is difficult to miHgate for enHrely. 

The key way that this Delphi study miHgated for this, was to ensure that there were 

adequate numbers of each sub-group to deliver consensus statements that could be 

representaHve of the populaHon (children’s orthopaedic specialists). With that in 

mind, samples were based on the literature available in previous children’s 

orthopaedic Delphi studies [187, 189]. Other methods used in consensus studies such 

as consensus development conference or nominal group technique have the 

potenHal to promote discussion and resolve areas of uncertainty [129]. This comes 

with the inherent risk of increased bias due to over-represented parHcipants willing 

to share their views more than others. Whilst the divergence is accepted as a 

limitaHon, the sample size achieved within the sub-groups was adequate enough to 

produce consensus recommendaHons as a whole cohort, and in sub-group analysis. 

The importance of this is primarily to the professional backgrounds represented. For 

instance, physiotherapists may be interested to know that the viewpoint of 

colleagues in this field is that children with ‘early stage’ Perthes’ Disease should 

complete any strengthening exercises as long as they avoid discomfort.  

Two rounds of the Delphi were used; a third round of Delphi could have been useful 

to try and achieve consensus in some of the statements that got close to 75%. It is 

also fair to say that the risk of losing parHcipants to follow up would also have 

increased, as has been shown in many previous Delphi studies [218]. In a similar 

a'empt to increase the number of statements that achieved clinical consensus in a 

modified Delphi study, the opHon of ‘neither agree/disagree’ could have been 

removed from the Likert-like scale. It is not required to always have this, and can be 

altered to suit the needs of the study [198, 199]. Giving parHcipants an opHon to 

remain neutral is an important thing to do when there is a potenHal for parHcipants 

to not have an opinion on a ma'er, or not take part in the acHvity as part of their 

pracHce. For example, if we were to ask physiotherapists about delivering a certain 

type of osteotomy, it would be important to have a neutral opHon such as ‘not 



 
 

 

136 

applicable’ or ‘neither agree/disagree’. It is not common pracHce for physiotherapists 

to be involved in the surgical planning aspect of care for children with Perthes’ 

Disease. In this Delphi study, it is reasonable to suggest that every parHcipant is 

involved in the aspects of care that are explored in the statements and therefore 

could give an opinion.  

 

4.10.8 ImplicaBons for pracBce and future research 

This Delphi study was undertaken to inform the content for the digital self-

management intervenHon. It is also an important standalone project that can be used 

to guide clinical pracHce as it is the first study to produce clinical consensus 

recommendaHons in the non-surgical treatment of Perthes’ Disease. Since the 

compleHon of this study, the work has been published in a peer-reviewed 

orthopaedic journal [219]. The findings have also been shared via social media, at 

naHonal conference and summarised as an infographic (Appendix M). This was done 

to provide clinical centres with the informaHon from this Delphi study which could 

help design and plan clinical services as well as educate families. For example, 

departments may be able to consider their resources for informaHon sharing with 

families based on the statements from this consensus study. Further research is 

needed to help implement these findings in clinical pracHce. Including reviewing the 

uptake and effecHveness of any changes in pracHce. 

Moving forward clinical research should look to uHlise the findings from this Delphi 

study in any non-surgical intervenHon involved in research in the UK. As 

demonstrated in a systemaHc review by the researcher [34], there is no robust 

evidence to support one parHcular non-surgical treatment method for Perthes’ 

Disease. In the absence of robust evidence, the clinical consensus statements from 

this Delphi study should be considered and implemented in to a non-surgical 

intervenHon. 
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4.10.9 Considering the reflexivity of the researcher 

As a children’s physiotherapist, there is a potenHal that the survey itself could have 

been influenced by the researcher’s professional background. This could have 

included influences such as the inclusion of exercises or acHviHes that the researcher 

has a personal experience of and preference for treatment. The survey advisory group 

acted as the most significant miHgaHon for this. There were addiHonal 

physiotherapists in the group for the design of the survey, which ensured an equal 

influence, as did the presence of other disciplines such as surgeons and clinical nurse 

specialists.  

There was also a potenHal risk that the survey was purely focused on the 

development of a digital self-management intervenHon and not aligned with the aims 

and objecHves of this Delphi study. The aim of this Delphi study was to develop clinical 

consensus recommendaHons for the non-surgical treatment of Perthes’ Disease. A 

key role of the survey advisory group was to ensure that the survey met the aims and 

of objecHves. Regular meeHngs and discussions with the supervisory team also 

assisted with this. Regular reviews of the Delphi study protocol were also completed.  

 

4.11 Conclusion  

The aim of this Delphi study was to produce clinical consensus recommendaHons on 

the non-surgical treatment of Perthes’ Disease and points to consider. Forty-five 

statements in which clinical consensus was reached, and three points to consider, 

have been generated, and thus, the aim of this study was achieved.  

The 45 statements were made up of 14 statements relaHng to exercises, nine relaHng 

to physical acHvity, 13 relaHng to educaHon/informaHon sharing, seven relaHng to 

input from other services and two relaHng to monitoring assessments. There is a 

known absence of robust evidence, and with that in mind, these recommendaHons 

are useful to guide clinical pracHce in the non-surgical treatment of Perthes’ Disease. 

The findings have been disseminated accordingly amongst clinical experts in 

children’s orthopaedic care [219].  
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The findings of this clinical consensus study informed the content for the 

development of the NON-STOP digital self-management intervenHon described in the 

next chapter. The findings from the qualitaHve study in the previous chapter and 

paHent and public involvement acHvity opHmised the development of a novel digital 

self-management intervenHon, ensuring it meets the needs of those using it. 
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Chapter 5 – Producing the digital self-management 

interven1on: The NON-STOP app 

5.1 Introduc,on 

This chapter describes the design and development process of the digital self-

management intervenHon for children with Perthes’ Disease, delivered via a smart-

device app, hereby referred to as the NON-STOP app. At the Hme of submission has 

been accepted for publicaHon in August 2025: 

Galloway, A. M., Anderson, A., Casimir, E., Holton, C., Redmond, A. C., Keene, 

D. J., Redmond, A. C., Siddle, H. J, Richards, S., & Perry, D. C. (2024). From 

theory to pracHce: Insights into intervenHon development of the NON-STOP 

app for children with Perthes’ Disease. Bone & Joint Open. 

The theoreHcal underpinning of the overall programme of work was pivotal in this 

design stage of the NON-STOP app, as was a detailed understanding of the context in 

which children and their families would use this technology. Design and development 

work is underpinned by a programme theory, defined in secHon 5.3 [220] (in the form 

of an updated logic model), and enhanced by the introducHon of behaviour change 

theory.  

There are many approaches to intervenHon development [138]. This chapter begins 

by briefly describing some of them, with a primary focus on the approach used in this 

thesis. The development and design process included the creaHon of app content and 

training materials for app users and conducHng preliminary user-tesHng of the 

prototype NON-STOP app. These steps were an integral part of app development by 

the sohware providers. This was done in preparaHon for the final study, a mixed-

methods study to test the usability and acceptability of the NON-STOP app. 

In reference to the MRC framework, this study maps to the “Developing the 

intervenHon” stage of the framework (shown in Figure 2.5). The core elements of 

relevance at this stage were engaging stakeholders during user-tesHng, refining the 

intervenHon and addressing economic consideraHons. These acHons were completed 
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in preparaHon for the next stage of the project which would be to move on to the 

“Feasibility” stage of the MRC Framework. 

 

5.2 Relevant literature 

Methodological frameworks exist for designing apps for children, however they are 

primarily tailored towards educaHon [221]. In 2022, Chen described work which was 

carried out to develop a framework, with a focus on the emoHonal needs of children 

when developing apps [221]. Chen goes on to explain that this is important in the 

field of educaHonal and entertainment apps for children. Elements of Chen’s work 

are applicable, but a direct focus on healthcare app development is absent. Recent 

work in the field of healthcare apps for children demonstrates that there are many 

variables to be considered [222]. Lee et al reviewed child-health apps and produced 

insights into app development for children such as the consideraHon of a child’s 

developmental stage, and creaHng age-appropriate material. Despite this, a robust 

methodology for the development of self-management healthcare apps for children 

does not exist. 

The lack of robust, child-specific methodology to design, develop and implement 

digital intervenHons meant that literature relevant to adult populaHons was 

considered. This literature informed the producHon of the NON-STOP app. The 

theoreHcal approaches used to develop the app map to those used across the 

doctoral programme by the researcher, specifically SDT [78] and SEM [109] which are 

discussed below. Literature was considered relaHng to the development and 

evaluaHon of complex intervenHons following the MRC Framework [44], as well as 

guidance on digital technologies from NICE [223]. The Behaviour Change Wheel 

(BCW) [145], a taxonomy of psychological theories relevant to supporHng behaviour 

change, was used to idenHfy addiHonal behavioural theories that were to be 

considered during the producHon of the NON-STOP app. All are discussed in more 

detail below. 

 



 
 

 

141 

5.2.1 TheoreBcal approach 

The way in which the NON-STOP app was designed and developed lends itself well to 

the overarching approach of pragmaHsm [38, 42], described earlier in the thesis. 

While aligning with a pragmaHc paradigm, the NON-STOP app was informed by 

intervenHon development framework and theories in order to address the aims and 

objecHves, this is discussed in more detail in secHon 5.2.2.  

Designing the NON-STOP app required input from mulHple stakeholders. These 

stakeholders included children with Perthes’ Disease, family members, clinical 

specialists and specialists in healthcare app design. For projects like this, the views of 

many are not easily confined to one specific framework or approach. With this in 

mind, one must adapt as the requirements of others change. The range of 

frameworks and approaches considered are outlined in relevant secHons below.  

The umbrella review, discussed in Chapter two demonstrated that there is no robust 

evidence to inform selecHon of digital intervenHon content [73]. The searches used 

to develop this review have been repeated (most recently September 2024), no new 

evidence has been produced. The approach taken to create the NON-STOP app was, 

therefore, realisHc and pragmaHc, based on the guidance from experts in the field 

and other stakeholder groups such as paHent and public involvement.  

The design of the NON-STOP app aligned with the psychological theory underpinning 

the programme of work which includes SDT and SEM [78, 104] described in detail in 

Chapter two. Both theories consider the moHvaHon and factors affecHng the acHons 

of people. These theories were used to guide qualitaHve interviews with children, 

their families and clinicians in Chapter three. In reference to the development of the 

NON-STOP app, these theories informed the secHons of the app that were designed 

to moHvate users to use the app, whilst sHll providing the skills necessary to complete 

them and increase their autonomy, i.e. self-management.  

The psychological theory underpinning the programme of work, as well as the 

researcher’s epistemological and ontological stance of pragmaHsm, informed the 

selecHon of intervenHon development methodology. 
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5.2.2 Approaches to intervenBon development 

The NON-STOP app was developed following a blended combinaHon of approaches, 

presented in the methodology secHon in Chapter two. Namely the MRC Framework, 

and the BCW. This secHon provides an overview of these approaches, and their 

influence specifically to the development of the intervenHon. The development of 

the intervenHon was also aligned with the GUIDED checklist for reporHng 

intervenHon development in health research [224]. These points are seen in more 

detail in subsequent secHons, and a copy of the checklist is a'ached as Appendix N.  

 

5.2.2.1 MRC Framework  

The MRC and the NaHonal InsHtute for Health and Care Excellence (NICE) have 

produced literature relaHng to complex intervenHons and digital health technologies, 

respecHvely. This has been discussed in Chapter two. For the purpose of this secHon, 

the informaHon is given with parHcular relevance and context to developing the NON-

STOP app. 

The MRC Framework allowed a flexible, yet robust approach to intervenHon 

development and early acceptability tesHng. It also provided a clear framework for 

future research to evaluate and implement the NON-STOP app, beyond the scope of 

this doctoral programme of work. Table 5.1 maps the core elements of the MRC 

Framework with examples of acHviHes undertaken relaHng to the development of the 

NON-STOP app. There are many examples throughout this chapter on how 

intervenHon components were selected based on evidence, their anHcipated 

mechanisms of acHon, and how this combined into a programme theory for the NON-

STOP app. The MRC framework also places emphasis on understanding the 

contextual factors when developing an intervenHon. This was important here as the 

Perthes’ Disease is strongly clustered into children from socio-economically deprived 

backgrounds. Ensuring the intervenHon was designed to be accessible and relevant 

to families from a range of backgrounds was important. Here, this led to exploring 

availability of smart phones (including data costs) in families to ensure that an app 

would be accessible to them. 
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Table 5.1 – MRC Framework core elements in context to NON-STOP app 

Core element  Relevance to NON-STOP  
1. How does the intervenHon interact 
with its context? 

The app was designed with children 
with Perthes’ Disease in mind.  

2. What is the underpinning 
programme theory? 

Programme theory developed and 
refined through the programme of work 
using logic models [225] developed at 
key milestones within project.  

3. How can diverse stakeholder 
perspecHves be included in the 
research? 

Regular PPI and PAG meeHngs were 
held, as well as user-tesHng sessions. 
Content input was sought from 
clinicians. 

4. What are the key uncertainHes?  The content of the NON-STOP was 
unknown at the outset. Earlier studies, 
such as the qualitaHve study [155] and 
the clinical consensus study [219], 
informed the content uncertainHes. In 
addiHon, the final study, using a mixed-
methods approach, preliminarily tested 
the intervenHon. It tested uncertainHes 
around acceptability and usability of the 
intervenHon.  

5. How can the intervenHon be 
refined?  

An iteraHve approach to intervenHon 
development (i.e. the NON-STOP app) 
was undertaken, with alpha and beta 
tesHng. This was conducted through 
user-tesHng sessions, including 
observaHons and discussions about app 
performance. Similarly, following the 
final study, refinement is possible. 

6. Do the effects of the intervenHon 
jusHfy its cost? 

Economic evaluaHon was not carried 
out at this stage. There was 
consideraHon of access to smart devices 
and ability to use at home i.e. self-
manage. 
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5.2.2.2 NICE evidence standards framework 

The aim of the NICE evidence standards framework (ESF) [223] is to describe the 

evidence that demonstrates the value that a digital health technology (DHT), such as 

the NON-STOP app, has within the UK health care system. The framework allows the 

developers to assess areas of potenHal risk and miHgate them through 

recommendaHons, ohen involving demonstraHons of effecHveness or behaviour 

change techniques.  

Areas of parHcular relevance to the development of the NON-STOP app from the 

framework were reviewed regularly to ensure they met the necessary standards. To 

give an example, the NON-STOP app fits in to Her 3a Digital Health Technology due to 

its self-management and behaviour change components. A detailed raHonale for the 

classificaHon has been outlined in Chapter two. Best pracHce for this Her when 

looking to demonstrate effecHveness is to consider certain outcomes. These should 

include paHent reported outcomes, evidence of posiHve behaviour change, and user 

saHsfacHon. In the context of the NON-STOP app, it was developed with the potenHal 

to measure these by incorporaHng things such as the progress monitor and rewards.  

The risks of digital health technologies are cumulaHve. For instance, the NON-STOP 

app sits in Her 3a due to its potenHal ability to help children with Perthes’ Disease 

self-manage. It should, therefore, meet the evidence standards of Her 3a, but also of 

Hers 1 and 2. Key elements of the earlier Hers include user-involvement in design and 

tesHng, as well as experts in the field. The risk in the NON-STOP app was minimised 

by ensuring that the PAG and PPI engagement as well as user-tesHng processes were 

extensive. By ensuring that the app was designed with the viewpoints of those who 

would use it, ensured that this risk was minimised. 

 

Behaviour Change Wheel 

The BCW has been presented in more detail in Chapter two. In the context of the 

NON-STOP app, the COM-B model (Figure 5.1) aligns well with one element of the 

theoreHcal underpinning applied in this doctoral programme of work, the SDT [104]. 

In SDT, moHvaHon is a key factor considered when theorising what must take place 
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for an individual to carry out a behaviour. To compliment the work done to develop 

the NON-STOP app, the researcher underwent post-graduate training in the BCW 

approach to increase understanding of behaviour change techniques within 

intervenHons. Whilst it was not the sole method of intervenHon 

development/evaluaHon, the learning supported the influence BCW had on the 

development of the NON-STOP app. Using the BCW enabled the researcher to 

highlight the behavioural target which was to have children regularly complete 

physiotherapy exercises and engage with self-management elements such as 

educaHon. From this the researcher could idenHfy intervenHon funcHons such as the 

learning secHon in the NON-STOP app. Another example is incenHvisaHon as an 

intervenHon funcHon. Finally these were integrated as techniques in the NON-STOP 

app as funcHons within, such as rewards for compleHng exercises, reminders to 

complete and progress tracking.   

Figure 5.1 – The COM-B system* 

 

*Reproduced from Michie, S., M.M. van Stralen, and R. West, The behaviour change 
wheel: A new method for characterising and designing behaviour change 
interven@ons. Implementa@on Science, 2011. 6(1): p. 42. 

A primary funcHon of the NON-STOP app is to support behaviour change, i.e. to use 

the app for self-management by making it usable for the children with Perthes’ 

Disease and their families. The app is specifically designed to opHmise their 
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capability, and in turn increased the likelihood of the behaviour taking place. 

Similarly, the mo.va.on to use the app was addressed with things like incenHves for 

compleHng their exercises and making the app fun and interesHng to the users. 

Regarding the opportunity, the app was made available to parHcipants for them to 

use on their personal smart-devices, and designed to encourage self-management 

behaviours wherever they saw fit. 

The BCW intervenHon funcHons (the middle layer, Figure 5.2) are then linkable to 

behaviour change techniques (BCTs). These BCTs were organised into a taxonomy, 

grouped by experts in a Delphi-type exercise in 2013 [226]. The author group was 

once again led by Michie, and developed a taxonomy of 16 groups of 93 BCTs. Whilst 

the BCW and BCT mapping approach was not fully implemented for the NON-STOP 

app, elements of the NON-STOP app were mapped to specific BCTs. Table 5.2 provides 

some illustraHve examples of how specific BCT categories were used, and a pracHcal 

demonstraHon of how this was done in the NON-STOP app. To give an example, in 

BCT category ten, “Reward and threat”. The techniques within this category relate to 

rewards and incenHves to increase the likelihood of the behaviour taking place. In the 

NON-STOP app, an example of a reward suggested by parHcipants in the qualitaHve 

study was of an ‘in-app’ rewards, in the form of stars given to the user every Hme 

they hit their exercise goal. Stars could then be used to ‘purchase’ customisaHon 

opHons for their personal avatar. In turn, moHvaHng them to repeat the behaviour. A 

potenHal limitaHon in not applying a full systemaHc BCW mapping is that there may 

not be full coverage of all behavioural determinants that might impact the uptake/use 

of the NON-STOP app. This process is Hme-consuming, and beyond the resources 

available in this thesis. The selecHon of relevant BCTs was done based on evidence, 

theory and stakeholder input, which was necessary to expediate the lengthy BCW 

mapping process.  

Table 5.2 – Behaviour change techniques applicable to the NON-STOP app 

BCT Category Specific technique 
within category 

Examples of how this is addressed in 
NON-STOP app 

1. Goals and 
planning 

1.1 Goal seqng 
(behaviour) 

Users given goal of how many Hmes 
to use app each week 
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1.2 Problem solving If a user selects a pain score of “8-10 
Hurts a lot” then they are suggested 
to review the wellbeing informaHon 
in the Learning secHon 

1.6 Discrepancy 
between current 
behaviour and goal 

Users encouraged to complete set 
Hme per exercise and a'enHon drawn 
to this if not met e.g. aim of 30 
seconds of stretching but only 
achieving 10 seconds. 

2. Feedback and 
monitoring 

2.3 Self-monitoring of 
behaviour 

AcHvity diary for users to log when 
they have completed exercises 

3. Social 
support 

3.1 Social support Advice on app about accessing online 
groups open to children with Perthes’ 
Disease and their families (STEPS 
charity) 

4. Shaping 
knowledge 

4.1 InstrucHon on how 
to perform the 
behaviour 

On first load of the app, users receive 
instrucHons on how to use the app.  
InstrucHonal videos of how to 
perform each exercise on the app.  

5. Natural 
consequences 

5.1 InformaHon about 
health consequences 

In the informaHon on the app, users 
are told the consequences (geqng 
stronger) of doing exercises.  

7. AssociaHons 7.1 Prompts/cues Push noHficaHons for users to log on 
to the app and use to reach their 
weekly goal 

8. RepeHHon 
and subsHtuHon 

8.7 Graded tasks IniHal goal is to use the app three 
Hmes a week, working up to five 
Hmes a week over the six-week 
tesHng period. 

10. Reward and 
threat  

10.8 IncenHve InstrucHonal demonstraHon of the 
app informs users of their goals and 
the reward (stars to customise the 
avatar). 

10.10 Reward Users get stars for compleHng their 
exercise goal per day as they use the 
app. 

12. Antecedents 12.4 DistracHon Strengthening exercises are designed 
in a fun way e.g. jump squat being 
delivered as a “frog jump” with 
cartoons 
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12.6 Body changes Prompts for strengthening and 
stretching exercises, as well as 
educaHon, about the benefits of 
doing these (stronger and potenHal 
for reduced pain) 

14. Schedule 
consequences 

14.9 Reduce reward 
frequency 

Stars are gained for compleHng 
exercises three Hmes a week iniHally 
but increases to five Hmes a week by 
end of app-tesHng period 

15. Self-belief 15.1 Verbal persuasion 
about capability 

Learning secHon, as well as 
instrucHonal demonstraHon, explains 
that elements of the app like 
exercises and wellbeing can be done 
despite pain/diagnosis 

 

Components of the NON-STOP app and relaHonship to BCW 

The NON-STOP app can be divided into five key elements that contribute to the self-

management of Perthes’ Disease, including:  

1. The Learning sec.on, where informaHon is stored about Perthes’ Disease, 

how the app works, and other components such as wellbeing guidance;  

2. The Avatar, that users personalised as they conHnued to use the app;  

3. A Progress sec.on, including an ac.vity diary for users to log their 

daily/weekly use of the app and monitor their progress as well as their pain 

levels.  

4. The Ac.vi.es sec.on contained the strengthening and stretching exercises 

for users to complete.  

5. Push no.fica.ons delivered to users to provide a prompt for them to use the 

NON-STOP app and achieve their weekly goal to earn rewards. 

In Table 5.3 the key elements of the app are described with some examples of how 

they relate to the three theoreHcal models/approaches (BCT, SDT and SEM) 

underpinning of the NON-STOP app. One example from SDT relates to how changes 

in behaviour over Hme may lead to sustained changes in behaviour such as habit 

formaHon. An influencing factor can be intrinsic moHvaHon, meaning that an 

individual may gain saHsfacHon from the desired behaviour rather than the 
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behavioural techniques that drive the behaviour. To give an example for the NON-

STOP app, rewards are given to customise the avatar, which may moHvate children to 

engage iniHally, however if over Hme, they do more exercises, and have less pain due 

to this, the moHvaHng factor becomes engagement with the intervenHon as opposed 

to exercising purely for rewards.  

 

Table 5.3 – Key elements of the app and how they map to each of the theory 
elements 

App component BCT SDT SEM 
Learning sec.on  Shaping 

knowledge 
Competence and 
autonomy 

Self-efficacy that 
comes with self-
management 

Avatar  Reward and threat 
(incenHve)  

Autonomy and 
relatedness 

N/A 

Progress sec.on Feedback and 
monitoring (self-
monitoring of 
behaviour) 

Autonomy  Self-efficacy that 
comes with self-
management 

Ac.vi.es sec.on Antecedents 
(distracHon and 
body changes) 

Competence, 
autonomy and 
relatedness 

Child (age, self-
efficacy) and 
interpersonal 
(family and peer 
involvement) 

Push no.fica.ons AssociaHons (cue 
signalling reward) 

N/A Interpersonal 
(family support 
with reminders) 

 

5.3 Programme theory and use of staged logic models 

Programme theory describes how and why an intervenHon is expected to work, 

detailing the processes, mechanisms of acHon and outcomes that link the 

intervenHon acHviHes to its intended effects [227]. Logic models are a visual 

representaHon of the programme theory. Tools used to display and describe the 

mechanisms of acHon within an intervenHon illustraHng its programme theory [228]. 

Using logic models, it is possible to demonstrate the factors that influence the 
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intervenHon with a focus on inputs, outputs, change mechanisms, measuring change 

and impact. Logic models also take in to account contextual factors such as resources 

and contribuHng strategies/policies. It is possible to use logic models as a tool for 

understanding what factors influence any potenHal change. In the context of the 

NON-STOP app, these factors provide a visual representaHons of how each factor 

influences change for the children with Perthes’ Disease and their families.  

Frequently in pracHce logic models are fixed. They are produced at the first stage of 

intervenHon development and used to evaluate the effecHveness of the intervenHon. 

It has however been suggested that more flexible and dynamic models are required 

whereby the logic model is updated as new evidence is accrued [229]. An iteraHve 

approach to logic models was used in this project, a summary is provided below, and 

in Table 5.4. 

A preliminary logic model was produced with input from a methodological expert in 

the supervisory team (SR). The preliminary logic model was created aher the 

evidence synthesis stage. It was then reviewed at two key milestones: aher the 

compleHon of the qualitaHve study in Chapter three, and following the clinical 

consensus study in Chapter four, and the feasibility study in Chapter six. The later 

iteraHons of the logic model were reviewed by the wider supervisory team, 

integraHng clinical and theoreHcal understanding of the logic model. Aher the final 

study of this programme of work, the logic model was once again reviewed, and the 

post-intervenHon tesHng logic model was produced. The final logic model 

incorporated input from the clinical consensus study and further PPI conducted prior 

to the final study. The raHonale for the iteraHve approach was to ensure that the 

project was supported by programme theory, as recommended in the MRC 

Framework. Emphasising the importance of conHnually reviewing contextual factors.  

All three logic models can be seen in Appendix I, however in Figure 5.2, the final logic 

model demonstrates the programme theory which incorporates sources of 

informaHon gathered throughout this project and maps to how the informaHon (or 

inputs) could lead to improved self-management for children with Perthes’ Disease. 

The mechanisms of acHon theorise how the intervenHon components can lead to the 

desired outcomes. For example, the clinical consensus study highlighted the need for 



 
 

 

151 

hip strengthening that can reduce pain for the paHent. The consensus study also 

highlighted the need for educaHon relaHng to Perthes’ Disease which aligns with the 

psychological theory (SDT) that suggests through increased competence, an 

individual will be more moHvated to change a behaviour, and sustain the change.   

Table 5.4 – Logic model summary 

Logic 
model .tle 

Time-point Content 

Preliminary 
logic model 

Pre-qualitaHve study Evidence available prior to qualitaHve 
study [28, 34] and input from PPI. Plans for 
future work and potenHal impact. 

Interim 
logic model 

Post-qualitaHve study As above, with addiHonal informaHon 
from qualitaHve study [155] and plans for 
intervenHon development. 

Final  
logic model 

Post-intervenHon 
tesHng study 

As above, with addiHonal informaHon 
from clinical consensus study [219], 
further PPI and app-tesHng trial. 
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Figure 5.2 – Final logic model aher post-intervenHon tesHng study 
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5.4 Developing the NON-STOP app 

To understand the stages of app development, this secHon outlines the early stages 

including procurement and contracHng of an external app development company. 

Aher this, an overview of content development and user-tesHng processes are 

described.  

 

5.4.1 Procurement and contracBng process 

As part of the researcher’s doctoral programme of work, funding was secured to have 

the physical aspect of the NON-STOP app created by an external provider. This relates 

to the creaHon of the programming and launching on app-stores, for instance. Prior 

funding allowed the researcher to conduct exploratory work. PPI acHviHes as well as 

input from others who had experience of digital intervenHons idenHfied the need for 

expert services for app development.  

In the early stages of this PhD, work took place to explore potenHal providers, and 

gain an understanding of what providers could bring to the project for app-

development. This exploratory work involved working with NHS Digital, to discuss the 

stages of app design, development and tesHng prior to any research studies or 

implementaHon. NHS Digital offered valuable insight in to their experiences of 

creaHng digital intervenHons, and offered their experience in the field of child-health 

digital intervenHons. It is here that the researcher was put in contact with HMA Digital 

SoluHons (HMA).  

As part of the development of this project applicaHon, there was a consideraHon of 

whether sub-contracHng was required or whether in-house designers/development 

could be uHlised within University of Leeds. However, HMA have previous experience 

of working with research projects completed by doctoral and post-doctoral fellows. 

As a company they understood the difference between creaHng a product 

independently for use, and designing and developing an intervenHon iteraHvely and 

collaboraHvely in preparaHon for tesHng in a research study. Their experience also 

spanned across the child-health sector, including a digital self-management 
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intervenHon for children and young people with Diabetes [230, 231]. HMA also have 

experience of working with the University of Leeds, and the NaHonal InsHtute for 

Health and Care Research (NIHR), funders of the researcher’s fellowship. 

There is also available literature that outlines opHmal providers for things such as 

app-development in clinical research. In 2022, Che'ri et al explained that researchers 

should seek those with experience related to research and implementaHon rather 

than those solely focused on proof of concepts or demo-versions of apps [232]. The 

authors summarised their challenges and explained that in their future work they 

were planning to build a team that had experHse in domains of app-design. They 

considered user-interface, security and ensuring that apps are naHve to their 

operaHng system (Apple’s iOS or Google’s Android). It is important to understand it 

was not realisHc within the scope of this project for the researcher to gain the 

necessary experHse in app design and development. Nor was it the aim of this 

doctoral programme.  

In order to meet the requirements of the University the tendering process was 

reviewed, and advice from the procurement team was sought [233]. Aher some 

discussions, and whilst complying with the University of Leeds guidance, it was 

agreed HMA were the opHmal providers. Approval was gained and the contracHng 

process was completed.  

 

5.4.2 Influence of previous work  

As well as the input from key stakeholders and PPI/PAG, the NON-STOP app was 

informed by the studies that took place in the earlier part of the doctoral programme. 

A brief overview of each is given below, with a parHcular focus on how each empirical 

study contributed to choices relaHng to the app content and delivery. 

Table 5.5 below outlines the secHons of the NON-STOP app and the elements of the 

project that contributed to the content.  
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Table 5.5 – SecHons of the app and the contribuHng elements of project 

App sec.on Contribu.ng elements of project 
AcHviHes QualitaHve study – strengthening exercises were fun 

and based on characters. Example: frog jumps 
instead of jump-squats. Users also are given a choice 
to complete exercises they want to, relates to the 
theme of children with Perthes’ Disease and their 
families being key decision-makers in their own care. 
Clinical consensus study – exercises were focused on 
hip ROM and strength. 

Learning QualitaHve study – All stakeholders explained that 
understanding was important to them. 
Clinical consensus study – elements of the learning 
secHon such as wellbeing and educaHon around the 
disease process achieved consensus in Chapter four. 

Progress QualitaHve study – the idea of an avatar/character 
that was customisable came directly from the 
qualitaHve study from children with Perthes’ Disease, 
with character designs coming in user tesHng and PPI 
sessions. They spoke of levels and rewards being 
moHvaHng to them. 

 

QualitaHve study 

In the qualitaHve study [155], interviews with children with Perthes’ Disease, their 

families, and clinicians explored their experience of previous care and opinions 

towards a digital self-management intervenHon. The main findings relaHng to the 

digital intervenHon were that stakeholders wanted accessible informaHon allowing 

them to understand their condiHon and how to manage it. In the qualitaHve study, as 

well as in PPI work completed, parHcipants idenHfied that a smart-device applicaHon 

was an acceptable intervenHon delivery mechanism. All qualitaHve study parHcipants 

agreed that there was a strong need for consensus on management approaches to 

inform non-surgical treatment of Perthes’ Disease. Children suggested specific 

content they would like to see in the NON-STOP app, including customisable avatars 

and rewards that the children ‘earn’ by using the app. This was a key step in the app-

development. The qualitaHve study findings therefore supported inclusion of an 

educaHon/informaHon secHon (‘Learning secHon’) in the app.   
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Clinical consensus study 

The consensus study was a modified Delphi study, described in Chapter four, to 

achieve clinical consensus on the non-surgical treatment of Perthes’ Disease [219]. 

The clinical consensus study informed the clinical content of the NON-STOP app. The 

intervenHon funcHons were idenHfied by gathering expert opinion on what non-

surgical treatment of Perthes’ Disease needed to include. The  aim was to develop an 

intervenHon that would lead to a change in behaviour i.e. children compleHng hip 

exercises and engaging with educaHonal content. For example, in the AcHviHes 

secHon of the app, the exercises chosen for inclusion included those around hip 

stretches and strengthening. Both of these exercises achieved clinical consensus in 

the Delphi study to say that children with Perthes’ Disease, irrespecHve of stage or 

severity, should complete stretches and strengthening exercises for the hip.  

Aher the mulHtude of work that went into its creaHon, the NON-STOP app consisted 

of four main components. The components of the app were influenced by behaviour 

change techniques to try and achieve these, such as goal seqng and remainders. 

These are described below with a focus on their creaHon and consideraHons for how 

the secHon of the app was designed and developed to meet the needs of the users.  

 

5.4.3 AcBviBes secBon 

Typically children’s physiotherapy includes making exercises, acHviHes and stretches 

relatable and fun for the paHent. This is commonly done by integraHng play into 

therapy sessions, ohen by using characters or animals. For instance, in the NON-STOP 

app, calling squat jumps, that exercise all muscle groups in the lower body, “frog 

jumps”. IncorporaHng play and gamifying physiotherapy is commonly used. The 

benefits of this ‘gamificaHon’ of physiotherapy has been well documented in 

condiHons that rely on physical acHvity for long-term management, such as cerebral 

palsy [234] and cysHc fibrosis [235]. The clinical consensus recommendaHons stated 

that lower-limb strengthening should focus on hip strengthening and that ROM 

exercises should focus on maintaining abducHon, rotaHon and flexion/extension of 

the hip. AcHviHes were selected for the app accordingly. If users logged in and used 
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the NON-STOP app at least once a week for the first four weeks, they unlocked two 

addiHonal exercises. These exercises were frog jumps and scissor jumping. Due to the 

jumping involved, these exercises (jump squats and jump lunges) are considered 

more difficult, and so were deemed appropriate to introduce later in the tesHng 

period, once user-ability had improved. This element of ‘unlocking’ acHviHes was 

included in the NON-STOP app to explore whether app use was frequent enough to 

result in the exercises being unlocked rather than any clinical change.   

Once the acHviHes were selected, making them ‘child-friendly’ was the next step. All 

were to be delivered as videos. The strengthening exercises were simple enough to 

alter to incorporate into cartoon characters for the app based on commonly used 

descripHons of the acHons. A more detailed descripHon of all of the strengthening 

exercises included in the NON-STOP app are presented below in Table 5.6. 
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Table 5.6 – Exercises in the ‘AcHviHes’ secHon and their origin 

Exercise Ac.on Name for 
app (and 
character) 

Image used 

Crook-leg fall out In crook-
lying (knees 
and hips at 
90 
degrees), 
allow the 
knees to 
fall out 
whilst 
keeping 
ankles 
together, 
then bring 
together 
slowly.  

Bu'erfly 
wings 
(bu'erfly) 

 

Squat walking 
(sideways) 

In a squat 
posiHon, 
walk 
sideways 
the length 
of a room, 
and whilst 
maintaining 
the squat 
posiHon, 
walk 
sideways 
back to 
your 
starHng 
point. 

Crab walk 
(crab) 
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Squat walking 
(forwards/ 
backwards) 

In a squat 
posiHon, 
walk 
forward the 
length of a 
room, and 
whilst 
maintaining 
the squat 
posiHon, 
walk 
backwards 
to your 
starHng 
point. 

Monster 
walking 
(monster) 

 

Sideways squats In a 
sideways 
squat, 
squat 
down, 
return to 
neutral, 
then squat 
to the 
opposite 
side.  

Ninja squat 
(mouse) 

 

Jump lunges From the 
lunge 
posiHon, 
jump and 
move your 
legs so the 
foot that 
was at the 
front is 
now at the 
back, and 
vice versa.   

Scissor 
jumps (cat) 
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Jump squats Squat, on 
the return 
to neutral, 
jump and 
land into 
another 
squat.  

Frog jumps 
(frog) 
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As well as creaHng the cartoon character videos for the strengthening exercises, it 

was important to make sure that there was a clear, accurate instrucHonal video for 

parHcipants to use to learn how to complete the acHvity. To do this, a moHon capture 

effects were used to turn human demonstraHon into a cartoon that demonstrated 

accurately how to complete the acHvity. This was accompanied by text describing 

how to complete the acHvity and can be seen in Figure 5.2 below. 

Figure 5.3 – Examples of the descripHve instrucHons for acHviHes 

 

It was possible to transform exercises to a cartoon character due to the nature of the 

acHvity. There were elements that required careful consideraHon, such as the 

stretching exercises. It was not possible for the stretching exercises to be cartoon 

characters, like the strengthening exercises, because most had a passive element that 

required a family member to perform. In order to demonstrate this clearly in the app, 

a green silhoue'e of a human was used to demonstrate the posiHon to hold the child 

with Perthes’ Disease. Examples of this are shown below in Figure 5.3. 

InstrucHonal videos and Hmers for compleHon were created by the designers from 

HMA. Both in the cartoon character version, and an avatar of a human that ensured 

accuracy as well as the fun element of the acHvity. The avatar and silhoue'e were 
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created using digitalisaHon of a human carrying out the acHviHes (ohen the 

researcher and a member of the HMA team). 

Figure 5.4 – Examples of pages in the AcHviHes secHon 

 

There are other aspects of the AcHviHes that were built in to the coding of the NON-

STOP app. Elements that are ulHmately safety features, whilst not a true risk of ‘harm’ 

to the child, built in to provide a level of assurance for the researcher and the team 

that use is tailored to the needs of the child. To demonstrate this, consider the 

stretching and strengthening exercises included. The clinical consensus 

recommendaHons suggested that both hip stretches and strengthening should be 

part of the non-surgical treatment of Perthes’ Disease. With this in mind, the app 

developers built in a code so that users could not start their programme unHl they 

had selected at least two stretching and two strengthening exercises. They could 

select more, but not less as seen in Figure 5.3 the raHonale for this feature was to 

maximise a ‘thoroughness’ of children compleHng physical acHviHes that both 

stretched and strengthened muscles. 

Similarly there were consideraHons also built in regarding he pain levels of app users. 

The Wong-Baker scale was built in to the NON-STOP app, and is a validated outcome 

measure for measuring paediatric pain [236, 237]. The measure is an ordinal 
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assessment of pain outcomes, using a series of six facial-expressions to illustrate the 

degree of pain intensity [238]. A numerical raHng is assigned to each face (from 0 - 

‘no hurt’ to 10 – ‘hurts worst’). It has been validated for use amongst children over 

3-years-old [236]. This tool had a parHcular strength in this app-tesHng study because 

it could be used by all parHcipants in the study as it is validated for self-reported use 

from 5 years old [239, 240]. It is parHcularly useful in children, as only one third of 

children up to 14 years understand the concept of a visual analogue scale [241]. The 

Wong-Baker FACES Pain RaHng Scale has been demonstrated to be useful in older 

children aged 8-17 years old, correlaHng closely with other pain tools, such as the 

Visual Analogue Scale [236]. This measurement for pain has not been used in studies 

involving children with Perthes’ Disease, however it has been used in previous 

children’s orthopaedic studies. In these studies it produced almost idenHcal scores 

amongst children <8 years and those aged 8-16 [242]. This was integrated in to the 

NON-STOP app as shown in Figure 5.4. 

Figure 5.5 – AdaptaHon of the Wong-Baker scale for NON-STOP app* 

 

* Wong-Baker scale adapted from, Garra., et al., Valida:on of the Wong-Baker 
FACES Pain Ra:ng Scale in pediatric emergency department pa:ents. Acad Emerg 
Med, 2010. 17(1): p. 50-4. 
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Another example of where the NON-STOP app had built-in safety features. If a child 

completed their daily pain score and had scored 0 or 2 on the Wong-Baker faces pain 

scale, they were advised to complete their exercises and aim for 60 seconds. If they 

had completed their pain scale score for the day and scored 8 or 10, they were only 

advised to aim for 30 seconds.  

 

5.4.4 Learning secBon 

The learning secHon aimed to address the needs of the users that were discussed in 

the qualitaHve study [155]. In the interview study, key stakeholders expressed their 

desire for accurate informaHon, readily available to them. The learning secHon was 

built to comprise key elements of educaHon that were felt to be necessary for 

children with Perthes’ Disease and their families, based on the results of the clinical 

consensus recommendaHons study [219]. The Learning secHon was also informed by 

psychological theory, as it was intended to increase the autonomy of the user which 

is a key part of the SDT. 

The NON-STOP app needed to be clinically robust in terms of accurate and reliable 

clinical content. In the absence of robust evidence for non-surgical treatment of 

Perthes’ Disease, the clinical consensus study provided the best alternaHve. 

Consequently, the Learning secHon of the app includes clinically accurate advice and 

informaHon on the anatomy, physiology, and typical disease process of Perthes’ 

Disease. For instance, the consensus study highlighted the importance of providing 

children with Perthes’ Disease and their families with informaHon about the disease 

process, including anatomical changes. This is included in a page called “What is 

Perthes’ Disease?” in the Learning secHon of the NON-STOP app. InformaHon about 

the condiHon, amongst other aspects of care, can be seen in Figure 5.5.  

All content of the Learning secHon was wri'en to be understandable by children and 

adults, and was wri'en to a reading age of five years old. It was assessed for 

appropriateness using the Flesch-Kincaid Grade Level system [243] and reviewed by 

PPI groups.  Table 5.7 summarises each of the eight secHons’ content. 
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Table 5.7 – Summarising the content of the Learning secHon of the NON-STOP app 

Learning sec.on Content 
What is Perthes’? InformaHon to give an understanding of what Perthes’ 

Disease is, how long the disease process lasts and what the 
aims of treatment are.  
External link to a charity website (STEPS) that the 
researcher and members of the supervisory team (DP) 
contribute [244] to. 

NutriHon InformaHon about the importance of a balanced diet. 
Link to UK naHonal guidance for nutriHon for children [245]. 

Lifestyle Advice on the levels of daily exercise and acHvity that 
children with Perthes’ Disease should achieve. 
External links and graphics demonstraHng this [246]. There 
is also informaHon relaHng to acHvity modificaHon which is 
common in Perthes’ Disease.  

Gait This secHon outlines the raHonale for why and when 
children with Perthes’ Disease may need to alter their 
mobility using things like walking aids or reducing the 
amount they walk.  

Research In the research secHon there are YouTube links for recent 
webinars relaHng to research currently taking place in 
Perthes’ Disease. There is also a link to the NON-STOP 
project web-page [247].  

Pacing AcHvity diaries are discussed in the pacing secHon with 
informaHon for users about how to plan their weekly 
acHviHes based on things like pain levels and recovery Hme.  

Pain relief The pain relief secHon covers the informaHon gathered in 
the clinical consensus recommendaHons study relaHng to 
pain relief. This includes advice relaHng to medicaHon (as 
per packet instrucHons) and using other methods of pain 
relief such as hot/cold therapy. 

Wellbeing The wellbeing secHon gives users informaHon about the 
impact of Perthes’ Disease from a psychosocial perspecHve. 
There is informaHon in this secHon about using the STEPS 
charity website [244] and the NHS website for advice on 
managing a child’s wellbeing [248].  
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Specific to the design of these secHons, elements of the topics relied on links out of 

the app. For example, in the research secHon, there was originally a link to a YouTube 

video of a webinar delivered by the researcher and one of the supervisory team. This 

webinar was provided to STEPS charity to provide an update on research currently 

being completed in the Perthes’ Disease populaHon. IniHally this was displayed as 

text with html underlined in blue wriHng. This was considered to be sub-opHmal in 

terms of appearance on the app. Instead, a change was made so that a thumbnail 

image of the YouTube video was used with an embedded link that took the parHcipant 

to the YouTube video. A capHon with the instrucHon to click the thumbnail was used. 

This was repeated in other secHons of the Learning secHon where necessary to 

opHmise the visual aspect of the app. 

Figure 5.6 – Examples of pages in the Learning secHon 
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5.4.5 Progress secBon 

In the Progress secHon users were able to see how many days they had completed an 

exercise session that week. In an a'empt to mimic progression of exercises in terms 

of frequency, users had to complete more sessions as the weeks went on to gain the 

stars. It was important to ensure users were able to do more if they wanted, and 

whilst it wouldn’t contribute to their ‘reward’ (customising the avatar), it would sHll 

be visually displayed. A star would appear but with a slightly different colour, as seen 

in Figure 5.6, to demonstrate they had completed a session. 

Figure 5.7 – Examples of pages in the Progress secHon 

 

 

5.4.6 Avatar 

The avatar, named “Bobby the bone” by a member of the PAG in the applicaHon 

stages of this programme of work, was integrated fully into the NON-STOP app. The 

name of the avatar was suggested by a member of the project advisory group 

however did go through iteraHons. IniHally the avatar was called “Bob the bone man”. 

Aher review with PPI and PAG, a gender-neutral name (Bobby) was agreed upon, so 

as to represent all potenHal app-users.  
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As outlined, PPI/PAG input over the course of the app development process was 

instrumental in the avatar secHon. Being able to customise the character to look how 

the user wants Bobby to look was key. It was something that was suggested in 

PPI/PAG sessions, but a customisable avatar that was familiar to the users was also a 

common theme in the qualitaHve study from Chapter three. With this in mind, one 

app development session took place with HMA and members of the PAG where ideas 

for customisaHon opHons for Bobby were discussed. It was in this session that it was 

suggested that as the six-week tesHng period progressed, Bobby could earn ou�its in 

‘secHons’ of their appearance as rewards for engaging with the intervenHon. Different 

opHons for glasses, hats, acHviHes and others were made available and designed by 

the app development company based on the input from PAG members and can be 

seen in Figure 5.7. 

The design of the NON-STOP app in terms of being colourful, interacHve and having 

a simple layout and structure were based on the findings from the qualitaHve study 

as well as PPI/PAG input. It was important to promote a fun and engaging interface 

in an a'empt to promote use. It also aligns with the theories which underpin the 

project, namely SDT which relies on autonomy and relatedness as a factor influencing 

moHvaHon. Having Bobby the bone customisable to the user has the potenHal to 

make individuals feel represented. Similarly, fun whilst sHll educaHonal elements in 

the Learning secHon ensure accurate informaHon is delivered in a way that is 

accessible and relatable to the use.  
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Figure 5.8 – Examples of pages in the Customise Bobby secHon 

 

 

 

5.5 User tes,ng stages 

Over the course of the NON-STOP app development, it was necessary to understand 

the stages of development that are used in the development of digital intervenHons. 

These are typically broken down into two stages, alpha tesHng and beta tesHng [249]. 

In an overview given by Naeem et al in 2015, lessons learned from the pharmaceuHcal 

industry outlined that prior to the alpha tesHng stage is a ‘pre-alpha’ stage in which 

the sohware and content are designed. In the context of the NON-STOP app, that is 

what has been described above. Once the app was designed and developed, alpha 

tesHng took place.  

Alpha tesHng of the NON-STOP app happened in a very pragmaHc, logical sense. 

These included members of the app-development team, the researcher, volunteers 

such as clinicians and members of the PAG. All of whom tested the pracHcal features 

of the app. This process is in line with what has been done in other alpha tesHng 

phases of a healthcare app [250]. Decisions throughout the intervenHon 
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development phase were discussed during the sessions by app-users, developers and 

the researcher. ModificaHons were discussed and agreed upon within that group. The 

changes during development were largely pracHcal and presentaHonal. For example, 

the phrasing that came on the screen in a pop-up box before asking for a pain score 

had adaptaHons to the layout and how much text was displayed.  

Alpha tesHng acHviHes are led by the app developers and are a rouHne part of digital 

technology development. These acHviHes, as described, are synonymous with 

stakeholder engagement acHviHes within the digital health technology space. No user 

data is collected, and for that reason ethical approval for these stages is not required. 

In this stage for the NON-STOP app, each domain of the app was used, and specific 

secHons of the app were explored. Specific acHons such as selecHng a high/low pain 

score each day to ensure the triggers for wellbeing advice/pacing were given for 

higher scores. Similarly there are requirements that must be met to gain rewards such 

as using the app three Hmes a week in the first and second week. This pracHcal use 

of the app was part of the alpha tesHng phase to assess elements of funcHonality. At 

this point, accessibility issues such as digital inclusivity were explored. These are 

discussed in more detail in the discussion secHon of the chapter. Mainly the 

consideraHons were around the need for internet access to use the NON-STOP app.  

The beta tesHng stage of any digital healthcare app requires end-users to engage with 

the app in a ‘real-world’ seqng. This allows the developers and the wider team to 

idenHfy issues and recHfy/adapt the sohware prior to the release in any full scale 

[251]. For the purpose of the NON-STOP app, the beta tesHng is the app-tesHng trial 

that follows in Chapter 6. At this stage, the tesHng does follow a protocol and was led 

by the researcher. For this part of the project, ethical approval was sought, and is 

described in the next chapter. 
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5.6 Pa,ent and Public Involvement 

PaHent and public involvement was vital to the success of this project both in the 

applicaHon stages and throughout the duraHon of this doctoral programme of work. 

There were regular sessions in the lead up to applicaHon which is where the decision 

to have the intervenHon be an app rather than a website/other pathway type of 

intervenHon. This idea was suggested by a NIHR Young Person’s Advisory Group 

(YPAG), and thought to be a more amenable method of delivering a digital 

intervenHon.  

There were regular meeHngs as per the plan for the NON-STOP project, with visits to 

YPAG at numerous centres in the UK to discuss the development of the app. However 

much of the alpha tesHng and design took place as part of the NON-STOP PAG in 

collaboraHon with the app-developers. During these acHviHes, the developers lead 

the design of user tesHng sessions given their experHse, the researcher’s role was to 

engage with the users during the sessions. 

Sessions spanned from the design process with drawings and ideas for avatar 

customisaHon opHons through to physical user-tesHng sessions. In the user-tesHng 

sessions, PAG members logged on to the NON-STOP app and went through the 

secHons of the app to test how easy it was to load the app, navigate through the 

secHons and discover any areas for amendment. A key example of the effect that 

these sessions had relates to the avatar customisaHon. During an app design session, 

there were suggesHons of things that may moHvate children with Perthes’ Disease to 

hit their exercise goal. These were things like customising the avatar to look like sports 

characters that are relevant to children. This perfectly demonstrates the need for 

users to be involved in the design and development of an intervenHon that is made 

for them.   
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5.7 Training package for users 

Users required a training package that starts from the outset when they consider 

using the intervenHon. The training needed to include detailed instrucHons on how 

to download and register the app included as part of the study sign up. Users also 

required instrucHons on how to engage with the app successfully. A training package, 

suited to their needs, was created and packaged within NON-STOP as “Your journey”.   

Another fundamental design choice made during the development process related 

to the content and delivery of a training package for using the NON-STOP app and 

specifically if the app was designed to be ‘standalone’ as opposed to requiring an 

inducHon by an instructor (e.g. a researcher or clinician). The discussions focused on 

around whether/how instrucHonal sessions with the researcher and parHcipants 

(either face to face or over video call) were needed. An instrucHonal session would 

have involved the parHcipant being shown how to use the app and talked through 

the secHons of the app. Through PAG discussions, as well as discussion with the 

supervisory team and app developers, a decision was made to create the “Your 

journey” secHon of the app to provide the same informaHon as any 1:1 training 

session for parHcipants. Providing the training package during the app onboarding 

was also a posiHve when considering the potenHal future rollout of the intervenHon. 

It is much more sustainable and efficient to deliver training packages for users this 

way rather than face to face training with a clinician. 

When users logged on to the NON-STOP app for the first Hme, the app was designed 

so they could not progress to using the app without first viewing the “Your journey” 

informaHon secHon. The secHon walked the parHcipants through the app, 

demonstraHng the various secHons of the app as well as outlining the aims over the 

course of the tesHng period. The final part of the training package informaHon 

informed parHcipants that the “Your journey” could be viewed at any Hme in the 

future by selecHng it from the menu in the corner of the screen. This allowed 

parHcipants to review instrucHons should they need to at any point in the tesHng 

period. Minimising burden to both the parHcipants, and the researcher should any 

issues arise.  
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5.8 Safety/support 

It was important to consider confidenHality and protect highly sensiHve personal data 

within the app use. To maximise this, informaHon was limited to a single email 

address per parHcipant given to HMA to allow users to register and download the 

app. Aher this, the users registered using a user ID chosen by them as well as a 4-digit 

pin code to access the app. This informaHon was not shared with HMA and the user 

profile as assigned to the email address used to sign up. A privacy policy was agreed 

between the University of Leeds and HMA to ensure compliance with GDPR 

regulaHons. Including the storage of all data on UK servers and explanaHons on the 

NON-STOP app for users to view how their data was used and their data access rights. 

All consent to use the app was collected by the researcher as part of the app-tesHng 

study which is described in Chapter six.  

Technical support for the purpose of the app-tesHng study was provided by HMA as 

part of the contract. There were specific instances, such as issues with installing or 

loading the app, which were highlighted as reasons to contact HMA. To minimise 

parHcipant data being passed to HMA, these were directed via the researcher to HMA 

support staff. This was realisHc in the scope of the small-scale tesHng study for this 

project. In the future, any technical support would be received by HMA directly from 

the app to HMA with no input from the researcher. To provide informaHon to the 

users of the app relaHng to things like data usage and what to do if they have issues, 

the NON-STOP app users had the ability to view a privacy policy as part of the 

download process. They were also given the opHon to report problems with the app. 

A contact email was created for users to contact HMA directly for app-usage issues. 

Clinical safety in the context of the NON-STOP app was managed using two main 

channels of communicaHon. If there were any concerns relaHng to the use of the app, 

the users had contact with HMA as described above. There were limited specific 

clinical concerns that posed a risk to the user, one example encountered during alpha 

tesHng that was highlighted was pain as a result of compleHng the exercises. At the 

intervenHon development stage, this was discussed and agreed that a plan would be 
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put in place for the app-tesHng study (beta-tesHng). This is outlined in more detail in 

Chapter six. 

Longer-term management of the app, including any potenHal implementaHon will 

take place aher this programme of work. To cover any ‘cross-over’ period between 

compleHon of this doctoral programme of work, funding was secured for 

intermediate hosHng of the app by HMA which included ‘soh’ sohware updates. 

These include changes to the coding for the app to ensure it conHnues to work with 

the operaHng systems. It does not include any update to content. The contract also 

included HMA maintaining an ability to manage the app during the course of data 

collecHon and shortly aher (whilst hosted) and to provide a ‘kill-switch’ which allows 

the app to be disabled enHrely.  

 

5.9 Discussion 

The NON-STOP app was designed flexibly, with users in mind. This was done using a 

combined BCW/BCT approach, with direcHon from the NICE ESF and the MRC 

Framework for developing a complex intervenHon. A limitaHon of the BCW approach 

for design is that it does not formally incorporate the user-influence of designing and 

developing an intervenHon. Using it as an influence in the intervenHon development 

process, did however allow the researcher to evaluate the behavioural elements of 

the NON-STOP app in more detail. An extensive mapping of the MRC framework or 

the BCW for the NON-STOP was considered. The decision to opt against this was 

based on pracHcal consideraHons such as Hme and resources, and the specific needs 

of the intervenHon. By selecHve mapping elements from each approach, the 

researcher was able to focus on the most impac�ul components. This approach 

allowed for flexibility and adaptability, making it easier to incorporate user feedback 

and clinical insights without the constraints and complexiHes of MRC Framework or 

BCW processes. Considering all of this, it was then possible to focus on creaHng a 

NON-STOP app aiming to maximise a change in the behaviour for children with 

Perthes’ Disease. There are disadvantages that must be considered in not having 
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completed a full mapping. The key consideraHon being that the NON-STOP app may 

have overlooked important behaviour change techniques or components that could 

have enhanced user outcomes. However this risk was assessed in the app-tesHng 

study. ParHcularly in the nested qualitaHve study which explored users’ reasons for 

app use. 

Overall, the combined method fits with the pragmaHc approach of the overarching 

project. The steps taken in the design and development of the NON-STOP app were 

based on the needs of the users and the findings of the studies completed in the 

earlier stages of this doctoral programme of work.  

A limitaHon in the development of the NON-STOP app was a lack of robust, high-

quality evidence to direct the content of the NON-STOP app. At the point of app-

development, no randomised clinical trials have been completed to opHmise non-

surgical treatment of Perthes’ Disease. However the work carried out in this doctoral 

programme, parHcularly the clinical consensus recommendaHons study [219], have 

been effecHve in providing clinical guidance in the absence of robust evidence.  

Another consideraHon in the development of the NON-STOP app related to 

accessibility. The app-tesHng study includes usability and acceptability components 

that assess certain elements of accessibility. However, there are some consideraHons, 

such as digital access and literacy and online safety that it is important to clarify were 

considered in the development of the NON-STOP app. In the work leading to this 

doctoral programme, digital access was considered. Namely to ascertain what level 

of access to smart devices and internet/mobile data children with Perthes’ Disease 

and their families will have. ParHcularly given the socioeconomic gradient associated 

with Perthes’ Disease [14]. Whilst there are no studies assessing this specifically, the 

researcher was able to idenHfy literature that provided an insight into what access is 

likely to look like. PPI work that took place as part of this programme of work included 

discussions around intervenHon delivery. Young children both with and without 

Perthes’ Disease, their families, and clinicians in this paHent populaHon all agreed 

that an app was a reasonable and preferable mode of delivering an intervenHon. 

There were no barriers idenHfied in this work, nor in the qualitaHve interview study 
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in this project [155] towards a digital intervenHon relaHng to accessibility. There has 

been work carried out by UNICEF regarding digital inclusivity for children in the UK 

that supports this noHon, outlining the posiHve impact that the COVID-19 pandemic 

had on digital access [252]. Access to smart devices within UK households was also 

assessed during the 2022 census and the rate of households that did not have access 

to a smart device connected to the internet was less than 1% [253]. Digital 

accessibility is wider than access to a digital device and includes the ability of users 

to afford internet services to support ap use. Whilst the NON-STOP app required 

internet access to download it, aher this, it could be used ‘offline’, and the progress 

would update once connected to the internet again. Taking all of the digital access 

into consideraHon, the researcher, as well as the supervisory team, felt confident that 

an app was suitable to test in the next chapter. However in a larger-scale clinical trial, 

a pilot phase would be advisable to monitor recruitment and any exclusion or 

parHcipants refusing to take part.  

Digital literacy was also considered during the development of the NON-STOP app. 

Various points regarding this have been made throughout the chapter. To summarise, 

the key points for consideraHon were based on the instrucHons given for exercises, 

and the informaHon in the Learning secHon. Both of these were displayed in text 

form, and were wri'en in collaboraHon with the PPI/PAG members during 

development. The content was wri'en and shared with both groups and commented 

on. The main points for discussion and review were how understandable and 

readable the informaHon was based on the age and ability of the user [254]. It was 

important to make sure the informaHon met the needs of a typical child with Perthes’ 

Disease, who is typically between four and nine years old [25]. The final iteraHon of 

the app content was shared with the app developers to be integrated to the NON-

STOP app. It was outside of the scope of this programme of work to consider 

alternaHve modes of delivery for the app content such videos with as accessibility 

aids like voice over and capHons. As outlined above, elements of accessibility were 

assessed in the app-tesHng study in the next chapter.  

Online safety was not idenHfied as a risk in the NON-STOP app development due to 

the app being single-user and not having any integrated components such as 
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communicaHon or outside agencies such as adverHsing. External links that were used 

in the NON-STOP were selected based on prior use by the researcher and the wider 

supervisory team. These included links to the STEPS charity website [244] where a 

Perthes’ Disease parents’ guide was hosted. This was wri'en by the researcher and 

one of the supervisory team (DP) so was deemed acceptable. Similarly, a link to a 

webinar, that was hosted again by STEPS charity and included the researcher and 

supervisor (DP). The remaining external links were governmental organisaHons (NHS 

website and GOV.uk website) and deemed appropriately safe.  

In 2023, Jang and Ko outlined a framework for opHmising the online safety of children 

and youth in Australia, Canada and the UK [255]. Whilst this piece of work was not 

consulted during the development of the NON-STOP app. It was reviewed by the 

researcher and the authors of the paper idenHfy four risk categories. They are content 

risks, conduct risks, contact risks and consumer risks. The examples given in this 

typology of risks can be mapped to the NON-STOP app and used to demonstrate the 

potenHal risk, and the evidence of low/no risk in the NON-STOP app. These are 

summarised below in Table 5.8.  
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Table 5.8 – Online safety risks for children in relaHon to the NON-STOP app* 

Risk category Example of risk in prac.ce Risk in the NON-STOP app  
Content risk Harmful, hateful or illegal 

content. Or content that 
includes inaccurate 
informaHon. 

All content controlled as described 
in this chapter. No outside 
informaHon was used. 

Conduct risk Harmful, hateful or illegal 
behaviour. Or user-
generated problemaHc 
behaviour 

No user-to-user or clinician to user 
communicaHon possible within the 
NON-STOP app to allow this to take 
place. 

Contact risk Harmful, hateful or 
illegal/problemaHc 
encounters 

No communicaHon possible within 
the NON-STOP app to allow this to 
take place. 

Consumer 
risk 

MarkeHng risk, 
commercial profiling risk, 
financial risk or security 
risk 

There was no opportunity for 
adverHsing/markeHng to take place 
on the app. The app was freely 
available to users. A privacy policy 
which included security was agreed 
upon as part of the development. 

 

The key strength of the app-development work is certainly the involvement of users 

in the design and the ability to implement the experiences and thoughts of key 

stakeholders in this novel clinical intervenHon. The qualitaHve study allowed children 

with Perthes’ Disease, their families and the clinicians who care for them to 

contribute to the design and development of the NON-STOP app in a meaningful way 

[155]. Concepts such as avatar creaHon and customisaHon as well as the suggesHon 

of educaHon and informaHon provision are perfect examples of how the intervenHon 

was developed with influence from previous findings. Having expert input from app 

developers with experience of creaHng child-healthcare apps was also paramount. 

The researcher provided clinical content and funcHonality however a collaboraHve 

approach led to the ulHmate producHon of the NON-STOP app. 

The clinical implicaHons from the NON-STOP app at this stage are strictly limited to 

the next stage of the project. CompleHon of the development allowed progression to 

Chapter six, which was to undertake some introductory tesHng of the NON-STOP app 

prior to a larger-scale clinical trial.  



 

 
 

179 

5.10 Conclusion 

This chapter summarised the approach taken to design and develop the NON-STOP 

app, a digital self-management intervenHon for the non-surgical treatment of 

Perthes’ Disease. A pragmaHc approach, with input and guidance from experts as well 

as relevant methodologies and theoreHcal underpinning has led to the creaHon of a 

novel intervenHon suitable for further tesHng in a small-scale study. The usability and 

acceptability of the NON-STOP app is described in the next chapter. 
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Chapter 6 – Tes1ng the usability and acceptability of the 

NON-STOP app 

6.1 Introduc,on 

The chapter describes the final study, which aimed to test the pracHcal applicaHon 

and use of the digital self-management intervenHon, the NON-STOP app. At the Hme 

of submission this paper has been submi'ed for publicaHon and is under review. 

The links to the theoreHcal underpinning of the study design are described within the 

context of the overarching theoreHcal approach taken in the programme of work. A 

mixed method design was employed, included both quanHtaHve and qualitaHve 

components. The quanHtaHve component of the study explored app usability and 

acceptability whilst the qualitaHve component explored users’ experiences of the 

NON-STOP app. Finally the chapter summarises the findings in relaHon to what is 

already known, what this study adds and the clinical implicaHons. 

In reference to the MRC framework, this study maps to the “Feasibility” stage of the 

framework (shown in Figure 2.5). The core elements of relevance at this stage were 

engaging stakeholders and to refine and retest the programme theory from the Logic 

Model (Appendix I). It is worth noHng that this study was not a true feasibility study, 

rather that it describes the element of the MRC framework that it maps to. More 

detail on this is provided in SecHon 6.3. 

 

6.2 Aims and objec,ves 

Aim 

To test the acceptability and usability of a digital self-management intervenHon, the 

NON-STOP app, amongst children with Perthes’ Disease and their families, and 

highlight areas for refinement.  
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ObjecHves 

a) To further develop the NON-STOP app (including training materials for users) 

amongst a representaHve sample of children with Perthes’ Disease and their 

families.  

b) To explore the acceptability and usability of the app by analysing quanHtaHve 

informaHon collected by the app during use, and through qualitaHve focus 

groups with users.  

c) To explore the acceptability of study procedures in preparaHon for a definiHve 

trial. 

 

6.3 Study design 

A mixed-methods design was employed in this usability and acceptability study. More 

detail regarding the raHonale for the methodological approach taken has been 

presented in Chapter two. The quanHtaHve component, hereaher referred to as the 

‘before and aher observaHonal study’, was an observaHonal study in which 

parHcipants used the NON-STOP app for six weeks [256]. App use was monitored 

using data directly from the app and parHcipants completed PROMs before and aher 

app-use. As part of the quanHtaHve component, there were feasibility objecHves to 

assess some study processes such as pre- and post-app tesHng outcome collecHon 

and parHcipant retenHon. Some uncertainHes would sHll need to be addressed in an 

internal pilot phase of a trial, but were useful here to inform planning. These are 

discussed in more detail in this secHon. 

The qualitaHve component, hereaher referred to as the ‘nested focus group’, was 

completed aher compleHon of the before and aher observaHonal study [257]. This 

focus group involved some parHcipants from the before and aher observaHonal 

study. During the focus group, the experiences of app use were explored in more 

detail as well as opinions on any changes needed to improve the app.  
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6.3.1 TheoreBcal underpinning 

This final study of the doctoral programme of work conHnues to be underpinned by 

the same theoreHcal and philosophical approach i.e. pragmaHsm. Similarly, the 

behavioural theories of SDT and the SEM were also applied which have been 

presented in more detail in Chapter two [105]. 

SDT provides an explanaHon for what influences individuals to adopt and maintain 

new behaviours [78]. Using mixed-methods, the researcher assessed the impact that 

the intervenHon had on self-management behaviours. The NON-STOP app was 

designed to be fun, provide rewards and be relatable to the user (a child with Perthes’ 

Disease). The intent, based on SDT, is to increase physical acHvity and compleHon of 

exercise programmes underpinned by an increase in parHcipant autonomy, 

competence and relatedness. This was assessed using pre- and post-app use 

quesHonnaires as well as monitoring acHvity through the app. In the nested focus 

group, quesHons were asked related to these behaviours.  

SEM places more of a focus on the environmental factors that the behaviour takes 

place in [109]. Whilst more of a contribuHng theory in this app-tesHng study, it was a 

key component of adapHng the environment in which these behaviours took place. 

Making a digital intervenHon that was accessible everywhere was important to 

meeHng the environment needs of the user. The hypothesis in the study was that 

making the NON-STOP app accessible to users, would lead to an increase in use. 

QuesHons in the nested focus group related to this theory were based on 

where/when a child might have used the NON-STOP app and how this was different 

to their previous self-management.  

  

Epistemological stance 

The final study adopted a pragmaHc epistemological stance, consistent with the wider 

programme of work [42]. This mixed-methods study aligns well with the pragmaHc 

paradigm. In order to test the usability and acceptability of a digital self-management 

intervenHon for Perthes’ Disease, it was reasonable to have children with the 
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condiHon, and their families test it for a short period of Hme. Similarly, it was 

reasonable to suggest that using the NON-STOP and only capturing quanHtaHve data 

app would not give rich, meaningful informaHon about how the app funcHons and 

fits into the life of a child with Perthes’ Disease and their family. The pragmaHst links 

knowledge to experience [258]. With this in mind, focus groups were planned for 

aher the app-tesHng period. Along with support from the supervisory team, these 

methods were deemed opHmal to meet the study aims and objecHves. 

 

6.4 Sample and seMng  

The study eligibility criteria and recruitment procedures were similar to the 

qualitaHve study in Chapter three. ParHcipants were children with Perthes’ Disease, 

receiving treatment in one of three NHS hospitals (Leeds Children’s Hospital, Alder 

Hey Children’s Hospital and Sunderland Royal Hospital). Recruitment from different 

centres was important to ensure the sample is representaHve of the wider UK paHent 

populaHon. ParHcipants were recruited from their usual orthopaedic appointments 

in which they are regularly assessed by an orthopaedic consultant. PaHents were 

sampled purposively to maximise heterogeneity e.g. differing sex, age, treatment 

exposure, duraHon of living with condiHon and disease severity. The children 

recruited were iniHally idenHfied by a lead-clinician within each centre who was 

familiar with the study eligibility criteria. 

For the nested focus group, a sub-set of the exisHng sample were invited to take part. 

Aher providing trial consent, parHcipants were asked to complete an online 

quesHonnaire to provide some demographic and disease-specific informaHon. At this 

point they were asked to provide a response to whether or not they were interested 

in hearing more about taking part in a focus group in the future. This was done with 

a simple “yes” or “no” response on the online survey.  
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6.4.1 Eligibility criteria 

ParHcipants (including family members) were eligible for inclusion if the child:  

1) Was diagnosed with Perthes’ Disease between one and five years ago; 

2) Were aged between 5 and 16 years old; 

3) Had access to a smart device.  

ParHcipants (including family members) were excluded if: 

1) They were unable to communicate verbally in English;  

2) The child had undergone surgery for Perthes’ Disease in the last 6-weeks. 

The raHonale for excluding children with Perthes’ Disease who had recently 

undergone surgery within the previous six weeks was that children were required to 

complete physical acHvity as part of using the app. Typically, children are placed in 

casts post-operaHvely to maintain ROM, or are given weightbearing restricHons and 

would not have been able to complete the exercises/acHviHes advised within the 

NON-STOP app. 

 

6.4.2 Sample size 

The sample size selected for each of the components in this study was based on a 

realisHc, achievable number that would effecHvely address the aims and objecHves. 

It varied within the two components, where there were specific consideraHons.  

 

6.4.2.1 Before and aher observaHonal study 

A sample size of 30 children was selected for the before and aher observaHonal study. 

Sample size calculaHons for before and aher observaHonal studies are not well 

described in the literature [259]. Ohen sample sizes are determined based on the 

number of potenHal parHcipants available [260] combined with aims and objecHves 

typically relaHng tesHng how the intervenHon rather than clinical effecHveness based 

on power. To test the NON-STOP app, the sample size was deemed adequate given 

that the study objecHves, which was to examine app acceptability and usability rather 
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than clinical effecHveness. This is supported by the work of Eldridge et al work, which 

demonstrated similar studies that assessed feasibility of an intervenHon in children 

[152]. The sample size was also thought to be achievable given the previous 

experience of recruitment by the researcher in the earlier stages of this project.  

 

6.4.2.2 Nested focus group 

In qualitaHve research, the aim is to produce data that is meaningful and allows the 

researcher(s) to best understand the phenomenon in quesHon [261]. In this nested 

focus group component, the sample size was selected at up to five child/family pairs, 

hereaher referred to as ‘dyads’, from each recruiHng site. Totalling three focus groups. 

In a literature review by Adler et al, the authors summarised aspects of focus group 

study design for child, youth and parent research [262]. In their review, the authors 

described a number of research studies that recommended a focus group size of 

between 3-10 children. In the nested focus group of this study, a sample size of up to 

five dyads allows for a small enough group for children to benefit from a peer-

audience, but also not feel overwhelmed by the number of parHcipants.  

 

6.5 Recruitment 

The recruitment processes for each component of the feasibility study are described 

below. 

 

6.5.1 Before and afer observaBonal study 

Children with Perthes’ Disease were recruited from their exisHng clinical 

appointments. This took place in three centres within the UK. At Leeds Children’s 

Hospital, the researcher was the clinician that recruited parHcipants. At the two 

remaining sites (Alder Hey Children’s Hospital and Sunderland Royal Hospital), an 

appropriate clinician (site PI) at each centre was idenHfied. The clinicians were 

consultant orthopaedic surgeons with a specialist interest in hip condiHons including 
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Perthes’ Disease. Each site aimed to recruit ten children with Perthes’ Disease to 

achieve the overall target of 30 parHcipants.  

At the clinic appointment, any child that met the eligibility criteria had the study 

briefly outlined to them and if interested, were asked permission to share their 

contact details (name and email address) with the researcher. These details were sent 

by the clinician to the researcher using a secure email domain (NHS.net). As in 

Chapter three, agreement to pass on contact details did not consHtute consent to 

taking part in the study. The permission to contact the family member was recorded 

in the paHent’s medical notes by the recruiHng clinician. The researcher then 

contacted the potenHal parHcipants with the parHcipant informaHon sheet (PIS) for 

child, shown in Appendix O and adult, shown in Appendix P as well as instrucHons on 

how to provide consent. The overall process for recruitment to the before and aher 

observaHonal study is illustrated in Figure 6.1.  

6.5.2 Nested focus group 

ParHcipants who took part in the before and aher observaHonal study were invited 

at the start of data collecHon to indicate whether they were willing to receive more 

informaHon regarding the nested focus group. Those who expressed an interest were 

emailed two weeks before the end of the app-tesHng component, and invited to give 

consent to take part in a focus group. The email provided a PIS for child Appendix Q 

and adult Appendix R, outlining the purpose of the study and included instrucHons 

on how to provide consent.  

ParHcipants who replied providing valid consent were then invited to take part in a 

focus group at their local clinical centre. It was clear in the invitaHon that the focus 

groups were to involve the child with Perthes’ Disease that had used the NON-STOP 

app and a family member (a dyad). The aim for the nested focus group was to recruit 

up to five dyads from the ten recruited children at each site. More detail on the 

process of the nested focus group can be seen in Figure 6.2. 
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6.6 Consent/assent 

Informed consent was gained for all parHcipants. In the before and aher 

observaHonal study, this was provided by a parent/legal guardian of the child with 

Perthes’ Disease. In the focus group, this was once again provided by the parent/legal 

guardian both for themselves as well as the child. In addiHon, children were asked to 

provide assent to parHcipate. The guidance that surrounds it, has been discussed in 

Chapter three.  

 

6.6.1 Before and afer observaBonal study 

Aher an appropriate child with Perthes’ Disease had been idenHfied and approached, 

the parent/legal guardian provided an email address. An email was then sent by the 

researcher to the parent/legal guardian, outlining their involvement in the trial, and 

clear instrucHons for how to provide consent to take part in the research study.  

As with the approach used in the first study of this programme of work, a 

proporHonate consent process was appropriate given the low-risk nature of the data 

collected [174]. The parent/legal guardian was asked to consider the informaHon 

provided, and then to reply to the email and include the ‘statement of agreement’ in 

their reply. The statement was copied from the email and returned to the researcher. 

It read as follows: 

‘I have studied the informa@on provided in the par@cipant informa@on 

pack and understand what will be required of me/my child during this 

study. I consent to par@cipate in the study to test the NON-STOP app. I 

give consent to the use of any informa@on gathered during this study for 

the purposes outlined by the research team. I also understand that my 

par@cipa@on is voluntary, and I am free to withdraw from this study, 

unchallenged, at any @me.’ 

The protocol included a plan for obtaining wri'en consent in cases where potenHal 

parHcipants did not have access to e-mail, however this did not occur. If this had 
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arisen, a copy of the statement of agreement would have been printed and sent by 

post to the parHcipant.  

Aher returning the email and statement of agreement to the researcher, the 

parHcipant (child) was progressed to the next stage of the before and aher 

observaHonal study. This informaHon is outlined in the data collecHon secHon below 

and can also be seen in Figure 6.1. 

 

6.6.2 Nested focus group 

As outlined in the recruitment secHon above, parHcipants (child/family dyad) who 

consented to the before and aher observaHonal study were asked to complete a pre-

tesHng quesHonnaire. In this quesHonnaire, there was an opHon to be contacted at 

the end of the study regarding a focus group study that was planned to further 

explore the usability and acceptability of the NON-STOP app. The answers were “yes” 

or “no”. ParHcipants who selected yes, were contacted at the end of the six-week 

period and invited to take part in a focus group in their local area to discuss the use 

of the app. The invitaHon to take part was sent via email, with the PIS and instrucHons 

of how to provide consent to take part in the focus group. This approach was almost 

idenHcal to the consent process for the before and aher observaHonal study.  

The parent/legal guardian of the child with Perthes’ Disease was instructed to read 

the informaHon (PIS for both family and child parHcipant) and reply with the 

‘statement of agreement’. This had been adapted for focus group parHcipaHon and 

read as follows: 

‘I have studied the informa@on provided in the par@cipant informa@on 

pack and understand what will be required of me/my child during this 

study. I consent to take part in the focus group study regarding the NON-

STOP app. I give consent to the use of any informa@on gathered during 

this study for the purposes outlined by the research team. I also 

understand that my par@cipa@on is voluntary, and I am free to withdraw 

from this study, unchallenged, at any @me.’ 
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Aher returning the email to the researcher with this statement, the next step of the 

nested focus group took place. More detail on the nested focus group is provided in 

the data collecHon secHon below and can also be seen in Figure 6.2. 

At the focus group, parHcipants (dyads) were once again asked to provide their verbal 

agreement to take part in the study. Assent was gained from the children who took 

part in the study. Assent is a concept that is not straigh�orward, and has been 

considered and discussed in this thesis in more detail already in Chapter three. If a 

child were to have verbally refused to assent to the focus group study, they would 

have not taken part, and the parent/legal guardian would sHll have been offered the 

opportunity to parHcipate. This did not happen in the study. There were 

confidenHality consideraHons for the nested focus group which are discussed in the 

ethical consideraHons secHon below. However it is important to note that for the 

purpose of the consent process, all parHcipants were informed that no informaHon 

shared in the nested focus groups would be shared with their treaHng clinical team.   
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Figure 6.1 – Before and aher observaHonal study process 
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Figure 6.2 – Nested focus group process  
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6.7 Data collec,on 

The data collecHon methods for the two elements of the usability and acceptability 

study are provided below.  

 

Demographic informaHon 

Demographic informaHon was gathered to describe the paHent populaHon and to 

explore the representaHveness of the trial populaHon compared to the wider clinical 

populaHon. Demographic informaHon collected included: 

- Age at diagnosis (years) 

- Age at Hme of recruitment (years) 

- Sex (male/female) 

- Ethnicity (White, Mixed/MulHple ethnic groups, Asian/Asian BriHsh, 

Black/African/Caribbean/Black BriHsh, Other ethnic group (free-text box 

opHon provided if selected)). 

The epidemiology of Perthes’ Disease has been well described [25, 263] and it was 

important to, where possible, try and replicate the rates of these characterisHcs 

within the study sample. As discussed in the results secHon below, this is reflected 

with higher proporHon of males to females in the sample, however the rates of 

female representaHon are at least 20% which is in line with the results seen in the 

BOSS study [25]. Similarly, it was possible with purposive sampling to ensure that 

paHents from a varied ethnic background were also approached, following naHonal 

guidance for collecHng ethnic data in research [264]. The data were collected in an 

a'empt to ensure that the views and experiences of as many as possible were 

gathered. 

Recruitment data were also collected from each site. Including the total number of 

potenHal parHcipants invited, the number that consented to the trial and finally the 

number of parHcipants that completed the study. 
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6.7.1 Before and afer observaBonal study 

Data collected in the quanHtaHve arm of the study reflected that of the CONSORT 

Extension for Pilot and Feasibility studies to guide transparent reporHng of study 

processes and outcomes [265]. This is of parHcular use when preparing for a more 

definiHve clinical trial, as was the case. Appendix S shows the CONSORT checklist, 

note that some elements are not completed, this is because the study was not a 

standalone pilot or feasibility study, as discussed earlier in the chapter. 

Trial parHcipants were required to provide data at two Hme points, iniHally before 

they were given access to the NON-STOP app for tesHng and the second aher the six-

week tesHng period. A summary of the scheduled assessments is provided below in 

Table 6.1.  

Table 6.1 – Content and Hming of assessments during before and aher observaHonal 
study 

Data collected  Baseline 6 weeks 
Demographic info X  
PROMIS Mobility X X 
CPAQ X X 
Health ITUES   X 

 

Baseline data included parHcipant demographics and paHent reported outcomes. 

ParHcipants were given a link to provide the baseline data in an online quesHonnaire, 

hosted using Online Surveys [193]. The outcomes including the PaHent Reported 

Outcomes Measurement InformaHon System (PROMIS) Mobility [103] and Children’s 

Physical AcHvity QuesHonnaire (CPAQ) [266, 267]. Outcome measures were collected 

at appropriate Hmes during the study period. For instance, Health ITUES was not 

collected unHl aher tesHng the NON-STOP app as it relates to usability of an 

intervenHon.  

Each measure is discussed in more detail below. However, the aim of this study was 

to test methodological uncertainHes such as data compleHon, recruitment and the 

usability and acceptability of the NON-STOP app. This meant it was more important 

to gather the number of responses than it was to study the content of the responses. 



 

 
 

194 

To give an example, in this before and aher observaHonal study, the change in score 

PROMIS Mobility at each Hme point was not the study outcome. The outcome was 

whether the parHcipant completed the outcome measure before and aher the app-

tesHng period. TesHng compleHon provided a surrogate measure of feasibility 

regarding outcome data compleHon, which is useful for any study in the future using 

these outcomes.  

At the end of the six-week period, parHcipants completed the same outcome 

measures as pre-tesHng (PROMIS Mobility and CPAQ). An addiHonal outcome 

measure was also completed, the Health InformaHon Technology Usability EvaluaHon 

Scale (Health-ITUES) [268].  

 

PaHent Reported Outcomes Measurement InformaHon System (PROMIS) Mobility 

The PROMIS Mobility score is a validated paHent-reported outcome measure for 

children with Perthes’ Disease [103]. More detail about the outcome measure is 

discussed in Chapter two where PROMs relevant to children with Perthes’ Disease 

are discussed. In 2020, a core outcome set was developed for Perthes’ Disease, and 

the PROMIS Mobility was included in this [95]. The inclusion of PROMIS Mobility 

within this core outcome set was a strong influence on its selecHon for this before 

and aher observaHonal study. It is a self-, or proxy-reported measure of physical 

funcHon. Previous studies have demonstrated that it can be completed by children 

eight years-old and above, and that for children younger than eight years-old, an 

adult proxy is recommended [240, 269]. The use of the PROMIS Mobility outcome in 

this thesis is in line with the guidance from PROMIS Health Measures group regarding 

obtaining and administering measures [270]. Those wishing to use PROMIS measures 

should review the host website and review the guidance before using the tool.  

The most up to date version of the PROMIS Mobility is provided in Appendix A. 

PROMIS Mobility asks users to provide a response of how easy they find acHviHes of 

daily living. A Likert scale is used, ranging from “With no trouble”, which scores four 

points, to “Not able to do” which scores one point. The tasks range from simple tasks 
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such as “I could walk across the room” to more advanced acHviHes like “I could run a 

mile”. 

PROMIS Mobility is then analysed by converHng the total raw score of the measure 

into a T-score. This conversion allows the user to compare scores with the “general 

populaHon mean” which was produced as part of the development of the PROMIS 

Physical FuncHon tools (of which PROMIS Mobility is a subset) [103]. A higher score 

indicates more of the concept being measured, i.e. be'er mobility and a higher level 

of funcHon for individuals [269]. In this before and aher observaHonal study, 

parHcipants were asked to complete this score at the start of the trial then again at 

the end of the six-week tesHng period.  

The main aim of using this outcome measure as part of the feasibility study was to 

assess whether an adequate number of parHcipants completed their follow-up 

assessments aher tesHng the app. The more granular data from the scores could be 

analysed in more detail, however it is unlikely that a six-week app tesHng period is 

suitable to detect any staHsHcally (or clinically) significant difference in each child with 

Perthes’ Disease. 

 

Children’s Physical AcHvity QuesHonnaire (CPAQ) 

CPAQ is a parent-reported quesHonnaire that reports the physical and sedentary 

acHvity of a child and has been validated and implemented in studies with children 

as young as four years-old [267, 271]. There are no studies involving children with 

Perthes’ Disease where CPAQ has been used. However, in a study by Corder et al, the 

CPAQ was compared with four other self-reported physical acHvity quesHonnaires 

[267]. CPAQ was deemed to have moderate levels of reliability and usability when 

compared with others, and whilst others were recommended for ages 12-16 years 

old, CPAQ was more appropriate for much younger children. 

CPAQ asks whether the child had completed acHviHes over the last seven days. The 

list includes commonly completed sports such as football, gymnasHcs and swimming, 

as well as leisure acHviHes like playing on playground equipment or taking part in 
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Physical EducaHon at school. CPAQ is reported in frequency of acHvity completed, and 

minutes per day for each acHvity [271]. In the online quesHonnaire, parHcipants were 

asked to select “yes” or “no” to a range of commonly completed exercises and 

acHviHes that they may have done in the last week. If they selected yes, they were 

asked to provide the number of minutes they had completed the exercise. The most 

up to date version of CPAQ is provided as Appendix T. ParHcipants were asked to 

complete this tool before they started using the NON-STOP app, and then once again 

aher they had tested the app for six weeks.  

It is possible to carry out inferenHal staHsHcs using CPAQ results. Corder et al 

described methods of outcome derivaHon based on the energy expenditure of 

common acHviHes [267]. This was done using an extrapolaHon of published data for 

older children [272] and would have been possible to use this data to calculate a 

Physical AcHvity Energy Expenditure value that could have been assessed pre- and 

post-app tesHng. This is something that would be considered for a larger-scale trial 

where clinical effecHveness was to be measured.  

 

Health InformaHon Technology Usability EvaluaHon Scale (Health-ITUES) 

Health-ITUES is a validated measure used to assess usability of a digital tool [273, 

274]. This 20-quesHon, customisable quesHonnaire is used to assess usability and 

acceptability in four domains [275]. The four domains are impact, perceived 

usefulness, perceived ease of use, and user control. All of which related well to the 

aims and objecHves of this study. The items within the quesHonnaire are rated on a 

Likert-scale from strongly disagree (1) to strongly agree (5). Each item is weighted 

equally and a mean score from each domain is calculated. The Health-ITUES for this 

study to test the NON-STOP app was included in the post-trial informaHon. It can be 

seen in as Appendix U. 

The parHcipants who had tested the NON-STOP app were sent a link to complete this 

informaHon using an online survey as described. The data from this provided an 

average score in each of the four domains: 
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1. Impact 

2. Perceived usefulness 

3. Perceived ease of use 

4. User control 

The scores in each domain are given a raHng of 1 to 5. An average (mean) score for 

the cohort is then calculated for each domain, and for the whole quesHonnaire. 

Previous research has idenHfied an opHmal usability cut-off score of 4.32 [276]. This 

was not completed in the same paHent populaHon, and no research has been 

completed for physical intervenHons usability for children with Perthes’ Disease. In 

the absence of this, it was deemed appropriate to use this score to look at the 

intervenHon in each domain. For example, to calculate the mean score in the 

‘Perceived ease of use’ domain, then check against the usability cut-off score, and 

then consider whether it could be deemed easy to use or not. Similarly, an overall 

score within the four domains can be calculated by taking the mean of all 20 items 

on the Health ITUES. 

 

Process measures 

The before and aher observaHonal study also included gathering process measures 

from the app. Process measures in the context of digital technologies refer to the 

measures of real-Hme data that are used to report use [277]. These were collected as 

part of the parHcipants’ use of the NON-STOP app and gave an insight into how acHve 

parHcipants were, and what parts/aspects of the NON-STOP app were used most. 

This informaHon was used to influence the nested focus group discussion. The direct 

influence of the app data is discussed in the nested focus group secHon below.  

The measures were selected using the pragmaHc approach that underpins this 

project. However, the Template for IntervenHon DescripHon and ReplicaHon (TIDieR) 

checklist was used as a method of ensuring important components of an intervenHon 

were considered  [278]. This checklist was created by Hoffman et al in 2014 with the 

aim of improving how intervenHons are reported in studies [279]. Typically, this is 

reported by the authors who developed the intervenHon in the protocol. It is then 
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possible for readers, reviewers and editors to understand the intervenHon in the 

necessary detail [279]. In this study, the TIDieR checklist was used to select the 

process measures. For instance, the frequency and duraHon of app use, and the 

specific acHviHes completed by the parHcipants.  

The process measure informaHon was collected directly from the NON-STOP app by 

the app-development company, unidenHfiable informaHon was collected using each 

parHcipant’s unique idenHficaHon number. Aher downloading the app, they 

completed the “My Journey” training package and then completed at least one 

acHvity session, hereaher referred to as “onboarding”.  

The process data that was collected was: 

IniHal engagement: 

- Number of invited parHcipants that registered  

- Number of parHcipants that completed the training package (worked through 

the “My Journey”). i.e. “onboarding”  

NON-STOP app use (for those that completed onboarding): 

- Number of app log ins   

- App log ins per week  

- Number of Hmes met target for progress reward  

- Average pain score (average based on daily score from individual) 

- Highest/lowest pain score (range based on daily score from individual) 

- Most popular acHvity used  

Pain was measured using the Wong-Baker FACES Pain RaHng Scale, seen in Figure 6.3 

[236, 280]. App users provided their pain score once per log-in and there were clear 

instrucHons advising them to contact their exisHng clinical care team if they had 

specific quesHons or concerns about their pain levels. The pain score that they 

selected dictated how long they were advised to complete their chosen acHviHes for.  
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Figure 6.3 – Wong-Baker FACES scale* 

 

*Wong-Baker scale adapted from Garra, G., et al., Valida@on of the Wong-Baker 
FACES Pain Ra@ng Scale in paediatric emergency department pa@ents. Acad. Emerg. 
Med, 2010. 17(1): p. 50-4. 

 

6.7.2 Nested focus group 

Separate focus groups were arranged in each of the three recruiHng sites of Leeds 

Children’s Hospital, Alder Hey Children’s Hospital and Sunderland Royal Hospital. As 

with the before and aher observaHonal study, number of parHcipants/dyads 

approached and consented were collected and are provided in the results secHon 

below. The focus groups took place in a neutral space idenHfied at each of the sites. 

A non-clinical environment was used in order to facilitate an open, honest discussion 

between parHcipants and the researcher. CommunicaHon with Alder Hey took place 

using exisHng relaHonships with the extended working team of project supervisor 

(DP) who also acted as recruiHng clinician for Alder Hey. In Sunderland, the recruiHng 

clinician also facilitated the booking of a youth team space that was suitable for use 

of up to 30 people.  

The focus groups were conducted by the researcher, and an independent facilitator 

supported by providing field notes from the focus group. Focus groups were recorded 

using an encrypted audio recording device. The recordings were then exported to 

secure University of Leeds servers in password protected files. They were then 

deleted from the audio recording device. The recordings were sent to a University-

preferred supplier for transcripHon, as used in the qualitaHve study in Chapter three. 
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The independent facilitator (not the researcher) at each site was a children’s specialist 

physiotherapist with experience of communicaHng with children with Perthes’ 

Disease and their families. They assisted in facilitaHon of discussion within the focus 

group, as well as taking field notes to accompany transcripts. This was done to 

supplement the recordings and miHgate for any failures in recording, but also to 

provide valuable context to conversaHons where audio recordings may not capture. 

It would have been possible to video record the focus group. Video recordings have 

been used more in focus group work recently, parHcularly in the video-conferencing 

space [281]. Video analysis can provide insight into things like body language, hand 

gestures and facial expressions. By contrast, inclusion of video recording equipment 

may also have been inHmidaHng to parHcipants and reduced engagement. A single 

recording device, and someone taking notes does pose a similar risk, but an 

addiHonal camera set up may compound this. There are also considerable costs and 

resource-needs to consider that would have been beyond the scope of this project. 

Field notes by an independent facilitator were therefore deemed appropriate, and 

are recommended for documenHng context in qualitaHve work [282]. 

The focus groups followed a topic guide, shown in Appendix V, which was developed 

using a combinaHon of sources. There was influence from the theoreHcal 

underpinning of the project, namely SDT which considers autonomy, competency and 

relatedness. The topic guide for the focus groups was reviewed by the Project 

Advisory Group and a local NIHR Young Persons Advisory Group. At the focus groups, 

the researcher used the topic guide to explain the study, deliver informaHon relaHng 

to the ground rules seen in the topic guide. Guidance on confidenHality within and 

outside of the focus group was stressed to encourage engagement with the focus 

group. Aher this, a final check of consent/assent with parHcipants was conducted, 

recording began, and the focus group took place. 

QuesHons/topics considered the self-management elements of the NON-STOP app 

and whether the funcHons of the app met the needs of the users. The topic guide 

was also influenced by the results of the before and aher observaHonal study. 

Reviewing the data from the app-tesHng element of this study allowed the researcher 

to prompt parHcipants and ask quesHons relaHng to specific parts of the app. To give 
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an example, quesHons regarding the acHvity secHon were tailored to understand why 

the most popular acHvity was such, and vice versa. Similarly, geqng an insight from 

those that used the NON-STOP as to why parts of the learning secHon were not 

accessed. The before and aher observaHonal study allowed the researcher to idenHfy 

pages that were viewed a small number of Hmes over the six-week tesHng period. 

The nested focus group gave an insight in to why these may have only been used such 

a small number of Hmes.  

More informaHon on data analysis from the focus group is provided in secHon 6.8 

however it is important to note that the first of the three focus groups acted as a 

‘pilot’ for the remaining two. Aher the first focus group, the researcher carried out a 

reflecHon, considered the topic guide and what prompts worked well/not so well. 

These were then adapted accordingly for focus groups two and three. As with the 

quanHtaHve component, the qualitaHve component was informed by reporHng 

guidance. In this instance, the Consolidated Criteria for ReporHng QualitaHve 

Research (COREQ) was used to ensure transparency in methods and 

acknowledgement of reflexivity [283]. The COREQ checklist is a'ached as Appendix 

W. 

 

6.8 Data analysis 

The analyHc approaches for the mixed-methods study have been separated into the 

two component studies. A summary of the impact that the before and aher 

observaHonal study data had on the focus group is provided in the results secHon.  

 

6.8.1 Before and afer observaBonal study 

Baseline characterisHcs 

ParHcipant characterisHcs were reported to ensure that the parHcipants in the trial 

were representaHve of the Perthes’ Disease paHent populaHon and in line with 

guidance for reporHng ethnic background in health research [25, 264]. 
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Demographic informaHon was analysed using descripHve staHsHcs. Age data were 

expressed as a mean (range), whilst sex (n, % male) and ethnicity (n, % White BriHsh) 

were expressed as frequencies and proporHons. Whilst other studies may opt for 

standard deviaHon measures when describing variaHon in parHcipant age, it was 

deemed more appropriate to report the age range. The common age of diagnosis for 

Perthes’ Disease is between four and nine years old [263] and reporHng the age range 

allowed for a more meaningful clinical comparison. For sex, Perthes’ Disease affects 

males disproporHonately more than females, therefore the largest proporHon has 

been reported. Similarly the most common ethnicity in the BriHsh populaHon of 

children with Perthes’ Disease has also been reported [25].   

 

Outcome measures 

InferenHal staHsHcs were not carried out as this before and aher observaHonal study 

was not powered to detect meaningful staHsHcal or clinical changes in outcomes 

between baseline and follow-up. The descripHve analysis focused on assessing the 

funcHon of the digital intervenHon rather than idenHfying any treatment effect. All 

outcome measures (PROMIS Mobility, CPAQ and Health ITUES) were analysed using 

appropriate descripHve staHsHcs at baseline (when assessed) and 6 weeks follow-ups.  

 

PROMIS Mobility 

PROMIS Mobility scores, as discussed in the data collecHon secHon, were not 

analysed using the scores in the domains. The total number of respondents (also 

reported as proporHon) were reported.  

 

CPAQ 

For the purpose of this usability and acceptability study, descripHve staHsHcs relaHng 

to pre- and post-app tesHng compleHon of the measure were used. DescripHon of 

acHvity levels gave an overview of whether children did more or less acHvity in 
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general aher using the app could be considered however were considered to be 

outside of the scope of this project.   

 

Health ITUES 

In the before and aher observaHonal study, this was done for parHcipants who 

completed the post-tesHng informaHon. The total usability score for all 20 items as 

well as each domain have been reported in the results secHon. With the usability cut-

off score of 4.32 used to demonstrate ‘usability’ of the intervenHon.   

 

Process measures 

For each of the process measures gathered, the list below outlines the descripHve 

analysis that took place. Frequencies counts (n, %) or a measure of central tendency 

and the associated variaHon were presented at 6 weeks. As the data were not 

normally distributed, the median and the inter quarHle range (IQR) were presented 

as opposed to the mean and standard deviaHon (SD). This is because outliers existed 

within the data as users who engaged with the NON-STOP app once and then 

stopped, and a small number who did not engage at all. The presence of these users 

in the data set caused a skew in the data which meant that the IQR was the most 

appropriate measure to use to summarise the data [284].  

IniHal app engagement: 

- Number of invited parHcipants that registered (number and %) 

- Number of parHcipants that completed the training package (worked through 

the “My Journey”) i.e. “onboarding” (number and %) 

NON-STOP app use (for those that completed onboarding): 

- Number of app log ins (cohort total, median (IQR) and range)  

- App log ins per week (cohort total, median (IQR) and range) 

- Met target for progress reward (% each week) 

- Average pain score (cohort total, median (IQR) and range) 
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- Highest/lowest pain score (cohort total) 

- Most popular acHvity used (cohort total) 

In the results secHon the total values are reported as above, the results are also 

described. This is to provide an overview of trends and pa'erns of elements such as 

log ins within the cohort. The most visited pages within the NON-STOP app are also 

discussed, as are the differences in total app use for the cohort.   

 

6.8.2 Nested focus group 

The Framework Method (Framework Analysis) was used to analyse the data from the 

nested focus groups. This method had been used already in Chapter three. Using the 

Framework Method once again gave the researcher a focused approach for analysing 

this qualitaHve data by organising it into codes that aligned with the aims and 

objecHves of the study. The structured categorisaHon enabled the researcher to reach 

a conceptual understanding of the subject under invesHgaHon, i.e. the usability and 

acceptability of the NON-STOP app. This structure was applied to ensure that the 

method could address the aims of the study whilst sHll allowing for the interacHon of 

parHcipants to be captured using emerging themes. 

Transcripts of the focus groups were analysed using the stages of the Framework 

Method [121] used in the qualitaHve study in Chapter three. It follows the five steps 

of familiarisaHon, coding, indexing, charHng and mapping and interpretaHon which 

are described in more detail in Chapter two. 

The coding matrix was designed based on the aims and objecHves of this usability 

and acceptability study, however it was important that it aligned with the theoreHcal 

underpinning of the project. The theoreHcal approach has been extensively described 

in this thesis in Chapter two, and summarised in the context of the NON-STOP app in 

Chapter five. Each code relates to a specific element of the project and how it was 

underpinned by theory, the study aims, and importantly, with the involvement of key 

stakeholders at important milestones within the doctoral programme of work. A 

summary of the coding matrix is presented in Table 6.2.  
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Table 6.2 – Coding matrix alignment with theory 

Coding label Alignment with approach in project 
1. Usability Specifically this coding label aligns with SDT in that it relates 

to “Autonomy” and “Competence” [78]. i.e. if the NON-
STOP app is easy to use independently, it increases the 
autonomy of the user (the child) which hopefully leads to a 
sustained change in behaviour (sustained use of the NON-
STOP app). 

2. Rewards Rewards are well described in the Behaviour Change 
literature [145] and have been discussed in this thesis. The 
rewards within the NON-STOP app were not only supported 
by BCW theory, but discussed in the qualitaHve study in this 
project [155]. 

3. Experience of 
the app 

IdenHfying elements of the NON-STOP app that 
children/families did not like once again aligned with SDT. It 
specifically aligns with the “Relatedness” element of SDT. 
Understanding elements of the NON-STOP app that users 
had posiHve or negaHve experiences of is important to 
consider how that affects long term behaviour (app use). 

4. Different to 
normal/previous 
care 

Understanding how this novel digital self-management 
intervenHon fit in to children/families’ rouHne was 
important. This aligns with the SEM which explores the 
involvement of others (described in the “Interpersonal” 
domain of the model) [109]. In the focus groups this coding 
label allowed the researcher to analyse reports of family 
support and self-efficacy. 

5. Future use The aims and objecHves of the usability and acceptability 
study outline the importance of tesHng the intervenHon 
prior to a definiHve clinical trial. Exploring future use and 
any potenHal refinement/modificaHon was important, thus 
the need for this coding label. 

 

Three focus groups took place. An iteraHve approach involved a review of the analyHc 

coding framework aher the first focus group. Aher applying the coding framework, it 

was checked for how applicable it was to the data. A review with supervisors with 

experHse in qualitaHve research (SR) and wider research team (SP) facilitated 

discussion and jusHficaHon of changes made. This review process also allowed for a 

discussion on any emergent codes from the data collected in the focus groups. The 
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analyHc coding framework can be seen in Table 6.3. There were no changes made to 

the coding framework as a result of analysis process; deducHve coding found this 

matrix adequately captured main themes. However there was an emergent 

(inducHve) code, which related to addiHonal points raised about the app. This focused 

on who the app was used with (school staff, sports clubs, etc.) and how many Hmes 

per week was acceptable to the users. 
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Table 6.3 – AnalyHc framework developed to support focus group coding 

Coding label Notes/ideas Child descripHon Family descripHon 
1. Usability Points around downloading, logging 

in, instrucHons/training package, 
reminders and Hme consuming 

- Points around being able to use it 
themself.  

- Recall of any elements of the 
training package (videos, cartoons, 
etc.) 

- IdenHficaHon of child using the 
NON-STOP app independently. For 
example using a parent/guardian’s 
phone without help. 

- MenHon of reminders being 
used/helpful 

2. Rewards Child-specific reward such as avatar 
for compleHng exercises 

- Child menHoning rewards that 
they gained, or how they 
customised their avatar aher 
doing their exercises. 

- Points about the reward system 
and how it influenced the use of 
the NON-STOP app 

3. Experience 
of the app 

Fun or not. What liked/disliked (with 
specifics) 

- Any aspects of the NON-STOP app 
that were discussed either in 
posiHve or negaHve way.  

- As with child descripHon. 
Specificity to exercises/acHviHes or 
learning secHon. 

4. Different to 
normal/ 
previous 
care 

Comparisons relaHng to Hme taken to 
complete, frequency completed on 
average week  

- Any menHon of the NON-STOP 
app in comparison to their exisHng 
care/rouHne such as 
physiotherapy programme or 
informaHon about their Perthes’ 
Disease.  

- Points around 
compliance/adherence and 
whether child found it more/less 
fun and engaging.  
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5. Future use Points made around future care with 
or without app 

- Ideas for the future of the NON-
STOP app such as new characters, 
exercises. 

- Changes to the layout/structure of 
the NON-STOP app. 

- As with child descripHon 
 

6. AddiHonal 
points for 
app use 

ConsideraHons around the use of the 
NON-STOP app 

- Anything about use of the app 
that was not covered by the 
codes. 

- Discussions of things such as 
dosage/frequency of using the app 

- Inclusion of other members of the 
psychosocial make-up such as 
school, clubs, etc. 
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As with the qualitaHve interview study (Chapter Three), it would have been possible 

to use other data analysis approaches for this study. ThemaHc analysis in parHcular 

could have been useful here given its focus on the experiences of the parHcipant 

[125]. However the aims of this study were relaHvely focused on reviewing the 

usability and acceptability of the NON-STOP app. Specific categories for discussion 

are more aligned with the Framework Method rather than ThemaHc analysis which 

ohen starts with more emergent coding and may have been less aligned with the 

study objecHves [126]. Similarly, content analysis can be used in qualitaHve research, 

however in the context of this study it was not chosen. The most significant factor 

was the depth of analysis that the method offers. Content analysis focuses on 

frequency and presence of specific words or phrases [123]. This approach could have 

been used in this study to link to things like the theoreHcal underpinning, for example 

presence of phrases like “reward”, “fun” or “independence” that would link to 

psychological theories within this project. However when compared to the 

Framework Method, it does not allow for as much of an in-depth analysis of the 

themes or concepts discussed.  

Data were stored using NVivo sohware (Version 12, March 2020) [175] where the 

coding framework was applied.  

6.9 Ethical considera,ons 

NHS ethics and Health Research Authority (HRA) approval was obtained given the 

involvement of NHS paHents. This study was submi'ed as a whole (before and aher 

observaHonal study and nested focus groups) to NHS Research Ethics Commi'ee 

(REC) and HRA. It was awarded a favourable opinion by NHS West Midlands – 

Edgbaston REC 22/11/2023. REC reference 23/WM/0251, the le'er outlining the 

favourable opinion is a'ached (Appendix X). Sponsorship was provided by the 

University of Leeds and local research management and governance approval for 

each NHS trust was obtained from their research and development departments.  



 

 
 

210 

Ethical consideraHons such as involvement of children in research and subsequent 

deliberaHons over consent/assent processes were discussed in Chapter three and 

were followed in the same way for this final study.  

ConsideraHon of parHcipant Hme was once again a factor. However through work 

completed as part of this overarching programme of work including qualitaHve 

interview studies and PPI work, key stakeholders have expressed a desire for self-

management tools. Generally there was excellent feedback to taking part in the study 

and being able to test preliminary versions of any self-management intervenHon that 

may support children with Perthes’ Disease and their families. The focus groups pose 

different Hme and logisHcal burdens to parHcipants. To miHgate these as best as 

possible, focus groups were carried out local to each site to prevent the need for 

excessive travel. The focus group was organised at their treaHng clinical site (albeit in 

a neutral space within the clinical site) and all travel costs were reimbursed. Similarly 

there was provision of childcare costs for focus group parHcipants should it have been 

needed; this would have allowed for the care of addiHonal children to have been 

arranged. This was not needed in any of the three focus groups. Focus groups also 

took place in the school holidays at the request of a number of potenHal parHcipants 

which hopefully reduced burden for children/families taking part.  

The research team did not idenHfy any potenHal for serious adverse events (SAE) 

arising for parHcipaHon in this study. However, to ensure the safety of the 

parHcipants, a plan was established and discussed with each of the PIs for the study. 

There were clear instrucHons within the NON-STOP app to contact their treaHng 

clinical team if there were any cause for concern. If any safeguarding issues arose 

within the focus groups, the researcher was to report this to the recruiHng clinician 

at the site and local NHS site policy would be followed. This procedure was well 

established with the PIs in the setup of the study, and thankfully never exercised as 

no issues arose.  
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6.10 Results 

Between 29th January and 25th March 2024, 31 parHcipants were recruited to the 

before and aher observaHonal study. A detailed breakdown of parHcipant 

involvement in each of study components are provided in Table 6.4.  

 

6.10.1 Before and afer observaBonal study 

The total number of parHcipants invited through exisHng orthopaedic appointments 

is shown in Table 6.4. It also outlines the staged approach to invitaHon, consent and 

onboarding of the NON-STOP app. While the sample size within this usability and 

acceptability study is not that of a definiHve clinical trial, 86% of those invited to take 

part in the study consented, 72% of those invited engaged with the app. Follow up 

responses were low, and is explored in more detail in the discussion.  

Table 6.4 – ParHcipant engagement with the study 

 n (%) from available 
popula.on 

n (%) from ini.al 
sample 

Invited to take part in study 36 - 
Consented to study 31/36 (86%) 31/36 (86%) 
Completed NON-STOP 
onboarding 

28/31 (90%) 28/36 (78%) 

Engaged with app 26/28 (93%) 26/36 (72%) 
Completed post-trial survey 20/28(71%)  20/36(55%)  

 

The demographic representaHon within the study was fairly typical of the paHent 

populaHon (Table 6.5). Of the 36 parHcipants who were invited, two were of Asian 

background and one agreed to take part in the trial. There was a pre-specified target 

of 20% female parHcipants to align with epidemiological data [263], and 7/31 (23%) 

of the recruited before/aher observaHonal study parHcipants were female. 
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Table 6.5 – CharacterisHcs of parHcipants in the before and aher observaHonal study 

Characteris.c Par.cipants Na.onal data 
Total number of parHcipants consented 31 - 
Age at diagnosis: mean years (range) 5.2 (2 to 10) 5.4 (median) 
Age at Hme of recruitment: mean years 
(range) 

7.8 (4 to 14) - 

Sex: n= male (%) 24/31 (77%) 77.6% 
Ethnicity n= White BriHsh (%) 30/31 (97%) 90.6% 
Ethnicity n= Asian/Asian BriHsh (%) 1/31 (4%) - 

*Na@onal data taken from epidemiological study by Perry et al [263]. 

 

The NON-STOP app was used for six-weeks. In Table 6.6 app use is demonstrated 

using various metrics based on the process measures for the parHcipants (n=26) that 

completed onboarding and engaged with the app.  

Table 6.6 – NON-STOP app use during before and aher observaHonal study for 
parHcipants (n=26) who engaged with the app 

Measure Cohort total Median per 
par.cipant  

Range 

Number of app log ins 254 5 1 to 37 
App log ins week 1 67 2 1 to 7 
App log ins week 2 39 3 0 to 7 
App log ins week 3 43 3 0 to 5 
App log ins week 4 31 1.5 0 to 6 
App log ins week 5 31 2 0 to 6 
App log ins week 6 43 3 0 to 6 
Met target for progress reward week 1 12 N/A N/A 
Met target for progress reward week 2 8 N/A N/A 
Met target for progress reward week 3 6 N/A N/A 
Met target for progress reward week 4 5 N/A N/A 
Met target for progress reward week 5 3 N/A N/A 
Met target for progress reward week 6 4 N/A N/A 
Average (mean) pain score aher six-
weeks 

2.05 1.85 0 to 10 
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The number of total app log ins reduced across the six week period. There was 

variability in levels of engagement across the sample, with some that did not use the 

NON-STOP app in certain weeks, and some that accessed most days.  

The progress reward was linked to customisaHon of the avatar (Bobby the bone) in 

weeks one and two; this required parHcipants to complete three acHvity sessions. 

This increased to four sessions in weeks three and four, and to five sessions in weeks 

five and six. As the trial progressed the number of total app log ins reduced, as did 

the number of Hmes the progress target was met.  

CollecHng pain scores can be useful for intervenHons that may aim to improve, or at 

least consistently measure pain. The way that the pain data was used is slightly 

different in that it dictated the duraHon of exercises within the NON-STOP app, as 

described in Chapter five. The range of the pain score shown in Table 6.6 

demonstrates that there were parHcipants who experienced ‘high’ and ‘low’ levels of 

pain. This meant that they used each possible variaHon of the exercise length, i.e., 

some lasted 20 seconds, some lasted the full 60 seconds. The average pain score 

(both mean and median) can be used to demonstrate the most commonly 

recommended exercise length.  

In Table 6.7, the exercises within the acHvity secHon are ranked in order of how many 

Hmes they were used and the average Hmes each exercise was used per week is 

presented. The scissor and Frog jumping exercises were only available in weeks five 

and six, and this is reflected in the acHvity usage data.  

When using the app, parHcipants needed to have logged in and used the app once a 

week for four weeks to unlock the ‘Frog jump’ and ‘Scissor jumping’ exercise. It was 

expected that they would be the least used acHvity due to being available for a 

maximum of two weeks. While it is difficult to determine the popularity of these 

acHviHes, when the use is averaged over the weeks available, Scissor jumping 

appeared a relaHvely popular acHvity. 
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Table 6.7 – AcHvity use during NON-STOP app tesHng period 

Ac.vity Total .mes completed Average .mes used per 
week 

AbducHon 152 25.3 
Crab Walk 142 23.7 
The Bu'erfly 142 23.7 
External RotaHon 138 23.0 
Extension 137 22.8 
Flexion 126 21.0 
Ninja Squat 111 18.5 
Monster Walking 106 17.7 
Scissor Jumping* 47 23.5 
Frog Jumping* 36 18.0 

*Exercises unlocked for weeks five and six of the study 

The available data on the use of the Learning secHon of the app was not as detailed 

in terms of available outgoing data, i.e. the exact number of Hmes each secHon was 

accessed. App-use demonstrated that the most accessed secHons were “What is 

Perthes’?” and “NutriHon”. “Lifestyle” and “Wellbeing” were the least commonly 

accessed elements of the Learning secHon. 

Usability assessment 

The scores from the Health ITUES are displayed in Table 6.8 and demonstrate the 

usability score for the NON-STOP app. To remind the reader, the score is out of five, 

with a higher score demonstraHng a higher level of agreement with the statement. A 

cut off score of 4.32 has been previously validated as a cut-off score for ‘usable’ [276]. 

The scores for each element are provided for a more detailed interpretaHon of 

experience. However in the instrucHons for using the measure, the mean of each 

domain, and then the total score is to be used.  
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Table 6.8 – Health ITUES scores for the NON-STOP app 

 Domain  Mean 
score 
(out of 5) 

 Impact 4.77 
1 I think the NON-STOP app would benefit persons living with 

Perthes’ Disease. 
4.9 

2 I think the NON-STOP app would improve the quality of life of 
persons living with Perthes’ Disease.   

4.8 

3 The NON-STOP app is an important part of meeHng my 
informaHon needs related to my health. 

4.6 

 Perceived usefulness 4.64 
4 Using The NON-STOP app will make it easier for me to monitor 

and learn about my health.   
4.8 

5 Using The NON-STOP app will enable me to monitor and learn 
about my health.   

4.75 

6 Using the NON-STOP app makes it more likely that I will track 
my health.   

4.6 

7 Using the NON-STOP app will be useful for receiving reminders 
about my health.   

4.75 

8 I think the NON-STOP app presents a more equitable process for 
managing my health.   

4.6 

9 I am saHsfied with the NON-STOP app for helping me monitor 
and learn more about my health.   

4.65 

10 I will monitor my health in a Hmely manner because of the NON-
STOP app.   

4.45 

11 Using the NON-STOP app will increase my ability to track my 
health. 

4.55 

12 I will be able to track my health whenever I use the NON-STOP 
app.   

4.65 

 
 

Perceived ease of use 4.8 

13 I am comfortable with my ability to use the NON-STOP app.   4.75 
14 Learning to operate the NON-STOP app is easy for me.   4.85 
15 It will be easy for me to become skillful at using the NON-STOP 

app.   
4.7 

16 I find the NON-STOP app easy to use.   4.9 
17 I can always remember how to log on to and use The NON-STOP 

app.   
4.8 
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 User control 4.25 
18 The NON-STOP app gives error messages that clearly tell me 

how to fix problems.   
3.85 

19 Whenever I make a mistake using the NON-STOP app, I recover 
easily and quickly.   

4.25 

20 The informaHon (such as on-line help, on-screen messages and 
other documentaHon) provided with the NON-STOP app is clear. 

4.65 

 Total mean score for Health ITUES for NON-STOP app 4.63 
 

All but two of the individual elements were rated over the cut-off of 4.32. The two 

statements that did not pass the threshold for ‘usable’ were related to user-errors 

and aher users had made a mistake. Both of these elements score a majority of 

‘neither agree or disagree’ (which scores ‘3’) because error messages and mistakes 

were not a part of using the NON-STOP app. Overall, the usability score of the NON-

STOP app was greater than the cut-off score, so could be termed ‘usable’. The highest 

score achieved was in the ‘ease of use’ domain which produced a mean score of 4.8.   

 

6.10.2 IntegraBng before and afer observaBonal study findings within the 

nested focus groups methods 

The approach used here was an ‘explanatory sequenHal’ mixed method design [147]. 

The before and aher observaHonal study results were underwent preliminary analysis 

and the used to inform the content of the topic guide for the nested focus group 

(Appendix V). QuesHons in the topic guide were included to ask what parHcipants’ 

favourite parts of the app were and why. Similarly, quesHons exploring the opHmal 

frequency of use were included i.e. in the future, how many Hmes a week would be 

realisHc to use the NON-STOP app for children with Perthes’ Disease and their 

families? The coding matrix was modified in light of the trial findings, and used 

subsequently to support analysis. 
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6.10.3 Nested focus group 

The nested focus groups took place at the three sites (Leeds, Alder Hey and 

Sunderland) that recruited parHcipants for the before and aher observaHonal study. 

Of the 31 parHcipants that consented to the before and aher observaHonal study, 25 

agreed to receive the study informaHon for the nested focus group and eleven 

consented to take part. Nine parHcipants took part in the focus groups, two 

parHcipants at Leeds, four at Alder Hey and three at Sunderland.  

The focus group parHcipant characterisHcs are described in Table 6.8. Following this, 

an overview of the themes and sub-themes are presented following the coding 

framework shown in Table 6.3. IllustraHve quotes from parHcipants are used to give 

context to the codes idenHfied within the focus group data. A quote table which 

shows the full dataset is included as Appendix Y. A themaHc table, which displays the 

frequency of each theme menHoned by parHcipants is also included as Appendix Z. 

Table 6.9 – CharacterisHcs of parHcipants in the nested focus group 

Characteris.c Value 
Total number of parHcipants  9 (4 dyads, one parent) 
Age at diagnosis: mean years (range) 4.4 (2 to 9 years old) 
Age at Hme of recruitment: mean years (range) 6.9 (4 to 11 years old) 
Sex: n= male (%) 5* (55.5%) 
Ethnicity n= White BriHsh (%) 8 (100%) 

*3 male children, 2 fathers. Remaining par@cipants were 1 female child and 3 
mothers. 

 

6.10.3.1 Usability 

To understand the usability of the NON-STOP app the ease of use was explored, and 

users asked to idenHfy any issues experienced while using the app. ParHcipants 

recounted their experiences of using the app together with their child, and Hmes 

when a level of independence from the child was observed.  
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Problems with use 

The first sub-theme related to issues that parHcipants faced when using the app. In 

focus groups conducted at separate recruiHng sites, parHcipants reported that when 

logged in to the app on two separate devices, for example on each of the parents’ 

smart devices, rewards did not synchronise. One parHcipant explained: 

“if I was working or he was, you couldn’t use it on different devices. Dad had 

it on his phone but then when he went on, he had to restart. If child already 

had, say, three stars that week, it didn’t connect.” 

Mother of 4-year-old male 

A parHcipant in a different group reported: 

“It doesn't match up (sessions on different phones with same log in). Mum 

has more data on her phone than mine”   

Father of 7-year-old male 

This is certainly an element that could affect app use given that the intervenHon has 

been developed based on psychological theory that increases moHvaHon through 

rewards for the children. ParHcularly important to consider the differences in family 

dynamics that can affect this with differences in home set ups and working pa'erns 

of the modern family. 

A similar issue arose for one parHcipant who explained that there were problems, at 

Hmes, with reminders: 

“Some@mes they (the app reminders) came through, some@mes they didn’t” 

Mother of 5-year-old male 

Once again, considering the influence of psychological theory on behaviour change 

reminders/prompts were built in to the NON-STOP app to support parHcipants when 

using it. As a result, it is reasonable to suggest that without them, use may be 

hindered.   
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Elements increasing use 

There were certain elements within the NON-STOP app that parHcipants described 

when asked what they liked and why. There were some elements that appeared to 

increase the use of the app, parHcularly from the perspecHve of how easy the 

child/family found the app to use. InstrucHonal videos were useful to a number of 

parHcipants. One child said: 

“I liked copying the exercises” 

7-year-old male 

In another focus group, a parent also recounted how the app assisted with 

instrucHons to help the child use it. In the same conversaHon they also highlighted 

the impact of the NON-STOP app being entertaining. The in-built Hmer appeared to 

provide extra moHvaHon to complete the exercises. They said: 

“the app was showing you how to do it. Again, I felt like it was more of a game 

for him, it was more entertaining, it was like a race, how many can you do 

before the @me runs out” 

Mother of 5-year-old male 

DemonstraHon of independence  

The final sub-theme had parHcular relevance to the aims of the study. When 

considering how usable and acceptable a self-management intervenHon is, one must 

consider whether it can be used independently. There were a number of examples of 

parHcipants recounHng Hmes when the child had used the NON-STOP app 

independently. One example is shown in an interacHon between parHcipants in a 

focus group: 

“Father of male: And you found it really straighworward, didn’t you? He 

would go on, pain today, and then he has a liNle scroll to see, and off he 

goes.  

Male, 7: yeah 
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Mother of female: Yeah, that’s the same as you isn’t it 

Female, 7: Yeah” 

Interac@on between 7-year-old male and father, and 7-year-old female and mother 

Whilst it is a posiHve achievement for the NON-STOP app to be used independently 

by the children, independence was also important for family members. Over the 

course of this doctoral programme of work, there has been evidence of the impact 

that varied care has had on key stakeholders [155]. There has also been a strong need 

for reliable informaHon as part of self-management. This was built in to the NON-

STOP app in the Learning secHon. The impact of this was highlighted in a focus group: 

“I feel like it really allowed me and (father of child) to really get an 

understanding of Perthes’ Disease”  

Mother of 4-year-old male 

 

6.10.3.2 Rewards 

Rewards made up a large part of moHvaHng children to use the NON-STOP app. This 

was a conscious element of design and development, as described in Chapter five. It 

was apparent in the responses during the focus group that this had a meaningful 

impact on the parHcipants when using the app.  

 

Impact of rewards on app use 

Customising Bobby the bone, the avatar, with accessories was discussed a number of 

Hmes across the three focus groups. One interacHon between a child and his father 

highlights that it was a key factor in their use of the NON-STOP app. They said: 

“Father: Why do you enjoy the app more? Because of Bobby, wasn’t it? I think 

it was; the reward was genng to…  

Child: I like to customise Bobby the bone” 

7-year-old male and father 
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Referring back to the psychological theory that underpins this thesis, autonomy and 

competence are vital to sustained changes in behaviour. It is possible to suggest that 

autonomy and competence in the context of the NON-STOP app led to a user geqng 

their reward. If they could not use the app well, then they were not able to achieve 

this. One mother described the impact that the rewards had on the user: 

“Even just genng the star, he would be happy, he is at that age where he’s 

genng stars. He’s like, “I got another star, I got this, I got that”. He was going 

back telling my parents, he was proud of that accomplishment” 

Mother of a 5-year-old 

The impact of receiving stars for compleHng exercises on any given day did not only 

moHvate the children. One mother described how the moHvaHon was felt across the 

family: 

“I think when we knew there were the stars, it’s a goal for everybody and I 

think you need that in life, don’t you, with everything” 

Mother of 4-year-old male 

It was common across the focus groups to hear parents discuss that the rewards had 

made it easier to maintain some consistency using the app.  

 

6.10.3.3 Experience of the NON-STOP 

To ascertain how acceptable and usable the NON-STOP app was, parHcipants were 

asked to describe their posiHve, and less posiHve experiences of the app. Both are 

vital to further development of the intervenHon. It was also important to understand 

whether there was any progression during the app-tesHng period from users such as 

increased independence when using the app or doing other acHviHes. 
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PosiHve elements of the app 

ParHcipants across the three focus groups described parts of the NON-STOP app that 

they liked. HighlighHng things such as the colour schemes within the app being bright 

and welcoming. Also the interacHvity of the app was menHoned a number of Hmes. 

On a few occasions, there was a parHcular focus on how informaHon had been 

adapted and tailored to meet the needs of the users. One parent explained her 

feelings towards the learning secHon where the Perthes’ Disease stages are 

described, and the change of shape that the femoral head goes through is described 

using an ice-cream analogy: 

“I thought it was absolutely brilliant, the way it was worded. There was more 

understanding because of the stuff that’s online that you’re trying to read up 

on is not very clear. And the way it described it as an ice cream, the way it 

melts and then. I thought, no-one’s ever told me that” 

Mother of a 5-year-old male 

Children within one of the focus groups interacted, discussing why the NON-STOP app 

was acceptable to them. They said: 

“Female, 7: I think it's (the app) just good for everyone. 

Male, 7: Yeah. Really fun” 

Interac@on between 7-year-old male and female 

 

Less posiHve elements of the app 

Two issues were raised relaHng to less posiHve elements of the NON-STOP app. They 

related to how many Hmes users were required to use the app a week in order to get 

their reward. One mother said: 

“Three @mes a week, fine. I think when it got to the last week, I think they had 

to do it nearly every day” 

Mother of 4-year-old male 
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This was the case, users needed to complete their exercises five Hmes a week in 

weeks five and six of the study in order to get their reward. A similar theme is 

discussed towards the end of this secHon. 

The other element of the NON-STOP app that was menHoned in a less posiHve way 

was the reminders. They were inconsistent amongst users. Some had reminders 

every day, some had none at all, and some were somewhere in between. A 

parHcipant reported: 

“Some@mes they came through, some@mes they didn’t” 

Mother of 5-year-old male 

As discussed earlier, prompts/reminders were intenHonally included as part of the 

intervenHon development. It was not made clear during the focus groups why 

noHficaHons may have someHmes been delivered, and other Hmes not. Users were 

prompted on their first use of the app to enable these noHficaHons, and could disable 

the noHficaHons, but variability within the user’s experience is an area for 

consideraHon. This would need refining in any further development of the NON-STOP 

app. 

 

Progression throughout the app-tesHng period 

The final sub-theme explored relates to the progression that users demonstrated 

throughout the app-tesHng period. This relates not only to using the app, but also the 

progress that users made outside of app-use as their Perthes’ Disease progressed. 

One mother explained the increase in competence over the six-week period: 

“I think the videos really helped; we watched the videos first. I think obviously 

as the weeks went on and it increased, we didn’t need to watch the videos as 

much” 

 Mother of 4-year-old male 

As children progress, it is reasonable to expect that they may not need the same level 

of interacHon with the NON-STOP app. It was clear that there were sHll uses for 
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elements of the app as children progress. This is demonstrated by a father explaining 

how the AcHvity secHon of the app was sHll a part of their rouHne despite the child’s 

progress. He said: 

“because he's missed doing things like football, and being able to go on things, 

he hasn’t been able to, and he's kind of, well into that now, so it's kind of, a bit 

of a transi@on thing for him. But it's s@ll keeping him doing his stretches, and 

his good movement” 

Father of 7-year-old male 

This is of parHcular importance when considering the implementaHon of an 

intervenHon like the NON-STOP app and considering who it is applicable to.  

 

6.10.3.4 Comparison to previous and exisHng care 

The aim of developing the NON-STOP app was never to replace elements of care such 

as physiotherapy or advice from professionals. It was, rather to supplement exisHng 

care and provide the tools necessary for children with Perthes’ Disease and their 

families to self-manage. To consider the intervenHon in the context of the 

parHcipants’ lives is in line with the aims of this project. To do that, parHcipants 

discussed the NON-STOP app in comparison to the care they have received in the 

past, or were receiving at that moment. Some parHcipants explained the impact of 

using the app in relaHon to the stage of Perthes’ Disease they were at when the focus 

group took place.   

 

RelaHonship to current care 

The first sub-theme related to how the NON-STOP app fits in to parHcipants’ lives and 

what impact, if any, it had on things like physiotherapy care or compleHon of home 

exercise programmes. 

One mother explained the benefits that using the NON-STOP app had on her 

a'ending the hospital for appointments. She explained: 
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“He was actually seeing (local physiotherapist) every two or three weeks, and 

now it’s every four weeks” 

Mother of 5-year-old male 

As discussed, aim of the NON-STOP app was to supplement exisHng care and give 

users the tools necessary to self-manage. Giving advice and educaHon on managing 

a condiHon is a key part of many healthcare professionals’ care. The NON-STOP app 

has led to a reducHon in appointments needed for at least one parHcipant.  

SupplemenHng care is not only done by recreaHng the regime using a different 

medium. In one focus group, the mother of a child explained that the exercises in the 

NON-STOP app were slightly different to those prescribed by the local therapist. They 

were then incorporated into the child’s regime and provided some alternaHve choices 

to maintain engagement. The mother highlighted how the input was integrated into 

their regime: 

“We do that including our physio, so we do both. The app is slightly different 

from the exercises she gets from physio” 

Mother of 7-year-old female 

 

Differences to previous care 

Honest reflecHons of previous care were given, and discussions within the focus 

group described common themes around how the app was “more fun” and provided 

a place for informaHon that was in keeping with the modern day. One mother 

explained how it was be'er than previous methods for advice on exercises: 

“I definitely think he got more benefit from the app than us looking at a piece 

of paper and trying to figure it out, where the app was showing you how to do 

it.” 

Mother of 5-year-old male 
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During one discussion, a father explained that local resources and access to care were 

impacted. The variaHon of care that exists in the professional world had impacted 

their care and the relaHonship with their local therapist. He went on to explain how 

access to the NON-STOP app may have been beneficial earlier: 

 

“he lost his hydrotherapy. We didn’t get on with the physiotherapist, they said 

there was conflic@ng views, and things, and she was trying to influence the 

school, and things, and it went a bit crazy. So, (child) has had some physio at 

another centre, but if we had the app earlier, it would have been really, really, 

really useful.” 

Father of 7-year-old male 

 

Relevance to stage of Perthes’ Disease 

Children at different stages of Perthes’ Disease require different levels of input and 

their care has different focuses. For example, from Chapter four, a recommendaHon 

stated that in the early stages of Perthes’ Disease, high-impact acHviHes should be 

avoided. In contrast, in the later stages, i.e. when remodelling, acHviHes should only 

be limited based on pain levels. In the focus groups, parHcipants explained that the 

NON-STOP app was useful in both stages. Similarly, children earlier in the stages of 

Perthes’ Disease are likely to be younger, where factors such as understanding and 

compliance can affect users’ experiences.  

A mother explained that her son had found some exercises easier than others, and 

that perhaps his age had influenced this. She said: 

“The frog jump, yeah. I think a couple (he found hard), he got beNer, but I think 

some of them, because of his age, some of them he probably didn’t do as well 

as obviously somebody that’s a bit older.” 

Mother of 4-yar-old male 
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A father in a different focus group explained how his son had found that the NON-

STOP app was no longer the main focus of his care. Rather that acHvity had become 

his key focus. Nevertheless, there was sHll a role for self-management and 

engagement with elements of the NON-STOP app. He explained the relaHonship 

between his son and the app in the later stages of Perthes’ Disease: 

“now, because he's missed doing things like football, and being able to go on 

things, he hasn’t been able to, and he's kind of, well into that now, so it's kind 

of, a bit of a transi@on thing for him. But it's s@ll keeping him doing his 

stretches, and his good movement” 

Father of 6-year-old male 

 

6.10.3.5 The future 

ParHcipants discussed the funcHonality of the NON-STOP app and changes that may 

be needed to increase the acceptability and usability of the intervenHon. As well as 

this, ideas for improvement and conHnued engagement were given.  

Changes to funcHonality of the app 

The first sub-theme relates to what changes may be needed when opHmise the app 

usability. As menHoned in the first theme, having an account that syncs regardless of 

which device it is used on is important. This was highlighted by one parHcipant: 

“I think if you’ve got two parents that are doing it together or you’ve got, say, 

an iPad and a phone, then I think it’s probably good if that could work” 

Mother of 4-year-old 

Another discussion point related to the Learning secHon; this secHon was made up of 

text and links to external resources. It was suggested that changing these to videos 

with capHons and animaHons may make the secHons more user-friendly. In a 

conversaHon within the focus group, two parents discussed: 

“Father: Yeah, I think having videos in the learning sec@on would be good, 

yeah 
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Mother: Yeah, it could be useful” 

Interac@on between father of 6-year-old male and mother of 5-year-old male 

When asked about this in another focus group, a parHcipant said: 

“I would say, definitely for him, because he’s reading but he wouldn’t be able 

to read a full paragraph of what it’s all explaining” 

Mother of 5-year-old male 

This mother was considering the accessibility of the child in relaHon to the app. It is 

possible that by making informaHon accessible to children with text alternaHves for 

those who want it, there could be increased engagement.  

 

Ideas for the app 

A common trend in the responses when asked about what could be done to maximise 

moHvaHon and engagement was around making sure there are new customisaHon 

opHons for the avatar, Bobby the bone. Ideas from child parHcipants in the focus 

groups gave ideas such as “Bobby the pirate”, “Bobby as a rockstar”, “Bobby as a 

footballer” and seasonal ou�its like “Santa and Easter Bobby”. IntegraHng the ideas 

of the target populaHon is vital when aiming to maximise usability and acceptability 

of this novel intervenHon.  

Other ideas related to progression as the child gets older. One parHcipant suggested 

more exercises as the child gets older to keep them from geqng bored. Another 

described that a notes secHon would have been useful. IniHally that was thought to 

be for sharing informaHon with professionals, but actually the parent explained this 

would be for personal reflecHon primarily. She said: 
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“I would’ve liked to have something on where I could write in when he’s had a 

bad day, so I could document it all in one area. And looking back on where it 

brings the faces on how he’s feeling on that day, to go back and see what that 

is” 

Mother of 5-year-old male 

A discussion point was raised about increasing engagement in the wider paHent 

populaHon. When discussing long-term use of the app and how engagement could 

be considered, a mother explained that the clinical seqng could be used as a perfect 

place to share informaHon about the intervenHon. They explained their experience 

of finding out more in their clinic: 

“you’ve got the QR code in the clinic, and I think that’s got the guide on, hasn’t 

it, of what the app is. That might be something you could share. Because that’s 

where people are sat. You’re sat, you’re wai@ng, you’ve got your phone, 

obviously you’re there for that reason on that day for your child with Perthes’ 

and you’re like, look, there’s that. That, especially if parents haven’t heard of 

it” 

Mother of 4-year-old male 

 

6.10.3.6 AddiHonal points for app use 

Two addiHonal points were raised in the focus groups relaHng to the app use. The first 

related to how the app had been used to educate others about the condiHon and 

about what self-management involves. The second related to what the opHmal dose 

for the intervenHon, i.e. how many Hmes a user needed to engage to receive their 

progress reward.   

 

EducaHng others 

The NON-STOP app was designed for children with Perthes’ Disease and their 

families. In the study, many parHcipants recounted their experience of using the app 
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in other environments and domains. Users recalled showing external parHes such as 

schools and sports clubs the NON-STOP app and using it to explain their condiHon. 

One mother explained how she had used it to educate friends and family: 

“I really liked that, because obviously, we get a lot of, well what is Perthes, and 

I would just be like, look, have a read, you know what I mean? Yeah, show the, 

like, school teachers, and like, obviously, family, and stuff like that, who would, 

yeah, like my sisters, and stuff like that, I'd be like, they'd be like, so what 

actually is it, and you'd be like, there you go, have a look at it, have a read.” 

Mother of 7-year-old female 

 

Two parents at separate focus groups explained the benefit of having the child’s 

school look at the Learning secHon of the app. One explained how it resulted in 

engagement with classmates: 

“The school thought it was absolutely brilliant, the way it was explained. I was 

going to try and get them on the app as well, to try, because they will do his 

exercises with him as well” 

Mother of 5-year-old male 

A father explained that the app was not available when they were diagnosed, so had 

to use other methods to explain the condiHon to school and this may have led to 

negaHve experiences for his son. He described the impact it could have had: 

“it would have been useful for us to have that to show his school, and maybe 

they could have done, used the app themselves in school, when he was missing 

out on things in PE that he couldn’t do, and whatnot” 

Father of 7-year-old male 
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IntervenHon dosage 

At various points in the data collecHon, the frequency of exercise compleHon was 

discussed. IntervenHon dosage as a concept of intervenHon fidelity is explored in 

more detail in the discussion secHon. There are however pracHcal implicaHons to also 

consider when suggesHng the use of an intervenHon. In the focus groups, parHcipants 

made their feelings known regarding acceptable frequencies. One mother said: 

“Our aim is we do it twice a week because I do feel that it is really helping.” 

Mother of 4-year-old male 

This experience of improvement or feeling of self-management is important, 

parHcularly when combined with the experience that was shared earlier which 

suggested a sense of ‘pressure’ to complete it almost every day.  

In a different discussion, a parent reported that the number of Hmes the NON-STOP 

app was used could be of benefit to try and ascertain whether the child was in a 

period of discomfort. Many parents explained that their child may not always be 

forthcoming with that informaHon due to feat of acHvity restricHon. A mother 

explained: 

“It would be a good way of looking back again and seeing how when he was 

been able to complete it. Because there were @mes when he felt like he 

couldn’t use it, like, Mum, I need to rest” 

 

The number of Hmes recommended was a measure of usability and acceptability in 

this study. It is a point for consideraHon and discussion when planning wider 

implementaHon of the NON-STOP app. 

6.10.4 Synthesising the mixed-methods results 

The mixed-methods approach within this usability and acceptability study provided 

an evaluaHon of the NON-STOP app. SecHon 6.10.2 described how the before and 

aher observaHonal study data was used to inform focus group topic guides. 

QualitaHve data was then used to gain more insight into what parts of the NON-STOP 
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app were fun and engaging. It was also possible to ascertain why those parts worked 

on a more detailed level. For example, a strong theme throughout the nested focus 

group was the impact that rewards had on the use of the app, and in parHcularly the 

high dose required to progress to weekly rewards acted as a disincenHve. It would 

not be possible to evaluate impact that the reward process had on use using the 

quanHtaHve data alone.  

Another insight from the mixed-methods synthesis was around app engagement as 

Hme went on. In the focus group more detail on intervenHon dosage and how ohen 

the app was used was given. This was not an aim or objecHve of the study, and came 

organically from the data within the qualitaHve study. It was clear from the 

quanHtaHve data that engagement reduced with Hme. CollecHng this data in the 

qualitaHve arm of the study allowed the researcher to explore why this happened. 

DemonstraHng how the mixed-methods approach allowed for a more nuanced 

understanding of the posiHve elements of the NON-STOP app, and areas for 

development.  

 

6.11 Discussion 

In this secHon, a summary of the main findings is presented from both the before and 

aher observaHonal study and the nested focus groups with an outline of how the 

mixed-methods approach influenced the findings. Aher this, the strengths and 

limitaHons are presented relaHng to the study. Before moving on to the conclusion, 

the posiHonal reflexivity of the researcher is explored, as has been done in previous 

chapters.  

6.11.1 Main findings 

Mixed-methods were used to test the usability and acceptability of a novel, digital 

self-management intervenHon for children with Perthes’ Disease and their families. 

The objecHves of this study were achieved, and quanHtaHve and qualitaHve 

informaHon were analysed relaHng to the NON-STOP app. Study procedures, such as 
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recruitment processes and follow up were, also explored prior to a definiHve clinical 

trial.   

In the before and aher observaHonal study, process measures demonstrated a good 

level of engagement from those who completed the onboarding (training package). 

With 93% of parHcipants going on to engage with the NON-STOP app. Over the course 

of the six-week period, engagement declined, with app log ins reducing towards the 

end of the tesHng period. Similarly, the number of parHcipants who met the 

requirement for the rewards also reduced. Making sure that rewards can be 

realisHcally achieved by users of the NON-STOP app is important for long-term use. 

ParHcularly given that the inclusion of rewards in the NON-STOP app has been based 

on one of the psychological theories that underpins the project (behaviour change) 

[145].  

It is possible that the number of Hmes the reward target was met reduced in the study 

due to the frequency needed to achieve the reward being unachievable for 

parHcipants. IntervenHon dosage was an emerging theme from focus groups; 

parHcipants discussed how by the end of the tesHng period, needing to use the NON-

STOP almost every day to get the reward felt unachievable.  

Study procedures such as outcome collecHon and recruitment and retenHon rates 

were explored in this feasibility study. The before and aher observaHonal study gave 

an indicaHon of collecHng outcome data at two Hme-points. From a methodological 

sense, this study demonstrated an ability to recruit parHcipants for the before and 

aher observaHonal study that are broadly representaHve of the paHent populaHon 

(as seen in Table 6.5). There is a risk of selecHon bias for engagement with the app as 

a result of the recruiHng clinicians being asked to recruit purposively rather than 

consecuHvely.  

The before and aher observaHonal study was also able to gain an insight in to how 

users found the NON-STOP app in a pracHcal sense. Whilst the sample size was 

designed to produce staHsHcally significant results, the usability score (Health ITUES) 

did provide early indicaHon of a usable digital intervenHon for children with Perthes’ 

Disease and their families. All but 2/20 elements met the cut-off score for being found 
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to be ‘usable’ by the parHcipants. The two that did not meet the cut-off score were 

not applicable to this project (related to mistakes and error-messaging). 

The phenomenon of intervenHon dosage is considered in the literature, parHcularly 

in work from Borelli [285]. The concept of intervenHon dosage refers to the amount 

and frequency of an intervenHon that parHcipants are exposed to. In the context of 

the NON-STOP app, this would include number of sessions, duraHon of each session, 

and the overall length of the intervenHon period. Borelli emphasizes that an opHmal 

dosage is crucial for achieving the desired outcomes without overburdening 

parHcipants which can result in disengagement. In this usability and acceptability 

study, it is possible to suggest that five sessions per week led to overburdening of 

parHcipants. This could explain the reduced engagement as demand increased. It is 

also possible that as children/families became more familiar with the intervenHon, 

they got to know their exercise regimes and completed them without the use of the 

videos on the NON-STOP app. IntervenHon dosage for the NON-STOP app, i.e. the 

number of engagements per week that are needed to receive the reward, would need 

careful consideraHon prior to future tesHng. For instance, in a definiHve clinical trial, 

in order to maximise the effecHveness of the intervenHon, whilst also maintaining 

parHcipant engagement. 

In the qualitaHve study with key stakeholders in Chapter three and also in the clinical 

consensus recommendaHons study in Chapter four, a strong need for educaHon, 

advice and reliable informaHon was idenHfied. This was built in to the NON-STOP app 

in the Learning secHon. From the before and aher observaHonal study, parHcipants 

accessed certain parts of that secHon more than others, with the majority of users 

engaging with the “What is Perthes’?” secHon. How useful this was as a resource, 

where it was useful, and why it was useful was highlighted in the nested focus group. 

ParHcipants explained that the informaHon was well presented, they enjoyed the 

colourful layout with pictures, and said that the informaHon was delivered in an 

acceptable way. Many described how it had been used not just within its intended 

recipient group, the Learning secHon was shared with schools and sports clubs as well 

as wider family groups. Sharing the informaHon to inform others of the condiHon 

appeared to be a key use for the Learning secHon.   
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EducaHng people involved in the lives of children with health-condiHons has been 

studied previously. In a systemaHc review in 2022, Lancaster et al summarised the 

findings from studies that evaluated peer support programmes that aimed to improve 

quality of life and wellbeing scores for children and families with long term health 

condiHons [286]. The review highlighted that school-based intervenHons which 

inform school staff and peers about the child’s condiHon can lead to a more 

supporHve and understanding environment. The NON-STOP app has the potenHal to 

be used in a similar way, as discussed by parHcipants in the nested focus group. The 

app was used to educate wider-family members, teachers and other stakeholders 

about this rare condiHon. Some children even reported that peers had joined in with 

exercises at school. An improvement in integraHon and acceptance for the child could 

possibly lead to sustained engagement with the NON-STOP app. 

In focus groups parHcipants expressed how instrucHonal videos and rewards were 

posiHve influences on app use. Children highlighted how the use of Bobby the Bone 

as a character allowed them to feel represented in the NON-STOP app. Being able to 

idenHfy with the intervenHon aligns well with the theoreHcal underpinning, 

parHcularly SDT in which ‘relatedness’ is a key component of opHmising moHvaHon. 

The mixed-methods approach used in the study allowed the researcher to 

understand this in more detail. The approach also allowed the researcher to get a 

be'er understanding of not only how many Hmes the app was used, but by whom. 

In the focus groups, many parents, and many children recounted their experiences of 

using the NON-STOP independently. Having children independently use the NON-

STOP app aligns well with the SDT which looks at three main aspects of moHvaHon 

that can lead to sustained behaviour change [105]. These are discussed in relaHon to 

the NON-STOP app in Chapter five, however, to summarise based on the findings, 

independent use of the NON-STOP app demonstrates a child’s autonomy and 

competence to use the intervenHon.  

 



 

 
 

236 

6.11.2 Strengths and limitaBons 

The mixed-methods approach is a significant strength of this study. It allowed for a 

comprehensive evaluaHon of the usability and acceptability of the NON-STOP app. It 

did so by integraHng the quanHtaHve data from the before and aher observaHonal 

study, using that to formulate the discussion points of the nested focus group. The 

before and aher observaHonal study provided objecHve metrics on app usage, 

engagement levels and specific outcomes such as pain scores and acHvity compleHon 

rates. The nested focus group complimented this data by giving a meaningful 

understanding of why these metrics may have occurred. ParHcipants used the 

qualitaHve arm of the study to share their personal experiences of using the NON-

STOP app. They highlighted posiHve elements of the app as well as elements that 

were challenging and which might lead to refinements in the app content. These 

challenges in parHcular, are essenHal when considering wider implementaHon or 

tesHng of the intervenHon.  

Possibly more important than the idenHficaHon of challenges, parHcipants also 

provided useful insight as to how they might address these challenges and improve 

the app. To give a pracHcal example of how the mixed-methods approach addressed 

the aims and objecHves of the study effecHvely. ParHcipants reported that the daily 

reminders built in to the app someHmes came through and someHmes did not. The 

before and aher observaHonal study process measures could not capture this. 

However by using mixed-methods, there is meaningful data that helped the 

researcher firstly know that it happened, and secondly understand how to address it 

in the future. This could be done by reporHng back to the app developers, who can 

explore reasons why the reminders may not have worked. It is then possible to look 

at how to improve this for the next iteraHon of the intervenHon and maximise 

engagement. Whilst it is not possible to draw large assumpHons from the data given 

the small sample size both in the before and aher observaHonal study and the nested 

qualitaHve focus groups. It is reasonable to consider that the experiences of using the 

NON-STOP app are likely to be similar across the cohort. ParHcularly when thinking 

of things like funcHonality of the app and reminders being sent as desired. 
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A key strength to the project as a whole is the collaboraHon with the developers of 

the digital self-management intervenHon. The researcher has taken the lead role in 

each step of the intervenHon design and development in relaHon to content, layout 

and tesHng. With a parHcular focus on this app-tesHng study, the level of data 

extracHon demonstrates how collaboraHon and input from the app developers can 

lead to meaningful outcomes. The collaboraHon ensured that the aims and objecHves 

of the study were met. The granular details that are possible to extract were unknown 

to the researcher prior to the collaboraHon. Thanks to the professional background 

and experHse of the developers, it was possible to assess things such as the popularity 

of each exercise on the NON-STOP app. As discussed earlier, combined with tools such 

as the TIDieR checklist, this can potenHally demonstrate the elements of the NON-

STOP app in detail in future research. 

As discussed in the main findings, it is a strength of this feasibility study that the 

researcher was able to recruit parHcipants that were generally representaHve of the 

paHent populaHon. Similarly, the rate of recruitment and agreement to take part in 

this study is posiHve when considering future research which should involve 

randomisaHon and consecuHve recruitment. This will allow for analysis for certain 

characterisHcs which may influence engagement. For example, in this study, the mean 

age of the parHcipants who tested the NON-STOP app was 6.9 years. That age is fairly 

typical of a child diagnosed with Perthes’ Disease, and accounts for the vast majority 

of the children who may benefit from the self-management informaHon displayed in 

the way it has been in this version of the intervenHon. In the future, further 

exploraHon of usability and acceptability of the NON-STOP in different aged users 

would be recommended. Whilst this does not account for a large proporHon of 

paHents with Perthes’ Disease, it is important to ensure that any intervenHon meets 

the needs of the intended users.   

TesHng the usability and acceptability of the NON-STOP app had limitaHons. A key 

limitaHon in the before and aher observaHonal study relates to the collecHon of 

follow up data. The proporHon of responses that were gained is not necessarily low 

at 71%. However it required mulHple reminders to parHcipants to complete the 

survey and was not inexpensive in terms of Hme. Careful consideraHon would be 
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needed on how to miHgate this in the future. One potenHal is the introducHon of 

incenHves to complete follow up data. This is uHlised in many studies to good effect 

[287]. In a recent meta-analysis, Abdelazeem et al reported a staHsHcally significant 

increase in the response rate from parHcipants when they were offered incenHves 

(monetary or otherwise e.g. gihs). AddiHonally, the three sites used (Leeds, 

Sunderland and Liverpool) were all in the North of England. Despite the spread from 

west to east, a potenHal limitaHon is that it may not capture a diverse populaHon in 

terms of socioeconomic diversity, ethnic background or service provision. 

Whilst the parHcipants that took part gave honest reviews and provided rich, 

meaningful data regarding the usability and acceptability of the NON-STOP app, the 

number of parHcipants was much lower than hoped in the focus groups.  

The first focus group, in parHcular, was quite different to what was planned due to a 

number of factors. IniHally there were four dyads that had agreed to take part in the 

focus group. One of whom contacted the researcher to explain the child was non-

verbal and that a face-to-face focus group was concerning to them, and they would 

prefer not to be involved. Another parent contacted the researcher to say they were 

no longer able to make it due to a family bereavement. A third dyad was unable to 

make it on the day, with no contact made regarding non-a'endance. This leh one 

dyad who took part in the first focus group, meaning that data collecHon took place 

as an interview rather than a true focus group. There are obvious limitaHons 

associated with this based on the advantages of conducHng focus groups rather than 

interviews. These relate to things like parHcipants not being able to discuss 

experiences and encourage natural conversaHons amongst people who had used the 

intervenHon [280]. However there is also an argument to suggest that having the 

parent and child in an interview may have encouraged a more honest reflecHon of 

the experience. With the lack of others present providing less reason to not share 

some aspects of care or experience. This also represented a protocol deviaHon from 

the qualitaHve data collecHon method. This presented the researcher with a situaHon 

that required input from ethics and governance authoriHes. Aher undertaking the 

dyad interview, contact was made with the REC who advised seeking advice from the 

sponsor of the study (University of Leeds). This was done and it was deemed that 
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collecHng the data using the interview format, using the same topic guide, was in the 

best interest of the parHcipants and acceptable. It meant that the parHcipants who 

had travelled to the site for the focus group had not wasted their Hme, and the data 

could sHll be used in the study.  

A'endance in general across the three focus groups was less than anHcipated. 

A'endance was also largely, not wholly, from those who engaged regularly with the 

app, and had a lot of posiHve comments about the use of the app. Focus groups were 

selected in an a'empt to encourage discussion between parHcipants, and generate 

discussions that would provide insight into things such as potenHal refinement. The 

limitaHon of this choice however is that it is possible to suggest that parHcipants who 

did not engage with the NON-STOP app were unlikely to a'end a face-to-face focus 

group given that they did not engage with the app during the tesHng phase. This could 

be because they did not want to address their lack of engagement, perhaps due to 

guilt. Future research could adapt the methods slightly and use methods such as 

telephone interviews with low-engagers to try and gain meaningful insight as to why 

they did not engage with an intervenHon.  

The final study of this doctoral programme of work conHnued the alignment with the 

theoreHcal underpinning of the project. From the design of the study, through to data 

analysis, the study was well grounded in the psychological theories SDT and SEM. 

With specific consideraHon of the mixed-methods approach, the study was able to 

assess behavioural outcomes such as app usage and engagement. It was also possible 

to assess the contextual factors that influenced app use, providing a holisHc view of 

the intervenHon’s acceptability and usability. 

 

6.11.3 Considering the reflexivity of the researcher 

As was done in Chapter three, it is necessary to consider the researcher’s posiHonal 

reflexivity. To reintroduce this concept, posiHonal reflexivity involves a criHcal 

reflecHon of the researcher’s own perspecHve in terms of beliefs and values. The 

influence of these on the research must then be considered.  
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In Chapter three, there were discussions around how the researcher’s experience as 

a children’s physiotherapist may have influenced the interviewing. For example, 

acHve steps were taken to avoid clinical discussions and allowing parHcipants the Hme 

and space to respond. In this mixed-methods study to test the usability and 

acceptability of the NON-STOP app, these aspects were considered. Feedback with 

members of the supervisory team (SR, HJS) were once again uHlised to offer an 

opportunity to reflect, but also to build from group to group in the qualitaHve study.  

Considering the researcher’s posiHon in the before and aher observaHonal study. 

There was a potenHal for overlap between clinical responsibility and the research role 

within the study. For example, a potenHal risk of influence on adherence with 

children/families known to the researcher/children and families were recruited from 

three sites, one of which was where the researcher conHnued to pracHce. To try and 

minimise influence, the researcher did not bring up the tesHng of the NON-STOP app 

in clinical appointments, but was sure to be recepHve to children and/or family 

members that wanted to discuss. This is in the interest of maintaining a good 

relaHonship with the child and the family, as is the researcher’s standard of care. As 

with the nested focus group, regular discussions and opportuniHes to feedback with 

the supervisory team were taken.  

ConHnuing to be reflexive allowed the researcher to maintain a conscious awareness 

of how posiHonality influences the research. By doing so, the potenHal impact on the 

rigour of the research is miHgated. Another step to ensure the influence of the 

researcher’s posiHon was not overly influenHal was the involvement of the 

independent facilitator in each of the focus groups. This individual, whilst a children’s 

physiotherapist, was not involved in the same clinical service as the researcher. Taking 

steps like these allowed the researcher to offer a nuanced interpretaHon of the 

findings.   
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6.12 Conclusion 

The mixed-methods approach used in this app-tesHng study provided valuable 

insights into the usability and acceptability of the NON-STOP app. Through a before 

and aher observaHonal study, and a nested focus group, the findings demonstrate 

that the NON-STOP digital self-management intervenHon for children with Perthes’ 

Disease and their families is both usable and acceptable. There are some caveats 

regarding long-term engagement, and these should be addressed by refining the app 

content prior to a definiHve clinical trial. The methods allowed the researcher to 

explore behavioural outcomes from both quanHtaHve and qualitaHve measures. 

Engagement over Hme was demonstrated using metrics drawn directly from the app. 

The metrics suggested that further refinement of the NON-STOP app’s reward 

structure and dosage of use would be beneficial for maintaining acceptable levels of 

engagement over longer periods.  

Through the nested focus groups, it was possible to gain a deeper understanding of 

parHcipants’ needs. ParHcularly around the educaHonal content of the app, both in 

what is included and who it is tailored for. The feedback from both children and 

families has been instrumental in shaping the ongoing development of the NON-STOP 

app. Overall, the study contributes meaningfully to the opHmisaHon of the 

intervenHon, and provides a strong foundaHon for its applicaHon in a larger clinical 

trial.  
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Chapter 7 – Discussion 

7.1 Introduc,on 

The final chapter of this thesis discusses the project as a whole. Firstly, an overview 

of each of the included elements of the project is presented. Aher this, the strengths 

and limitaHons of the doctoral programme are discussed. Key points for discussion 

are outlined, followed by the impact of the project in terms of pracHce and policy. 

Next the findings are summarised, and the aims and objecHves are revisited. The 

thesis concludes with recommendaHons for future research based on the findings of 

this work. 

 

7.2 Summary of the thesis 

A mix of methods were used in this project to develop the NON-STOP app, a digital 

self-management intervenHon for the non-surgical treatment of Perthes’ Disease. 

The methods employed were rigorous and evidence based. More than this, the 

methods were underpinned by two key psychological theories (SDT and SEM) that 

highlighted the importance of moHvaHon leading to sustained changes in behaviour. 

The commonality between the two theories in context to this project was related to 

the importance of empowerment for children with Perthes’ Disease. Maximising the 

autonomy and competence of children, increasing their ability to self-manage was at 

the forefront of this project.  

  

Chapter three: Exploring the understanding of key stakeholders  

QualitaHve interviews with children with Perthes’ Disease, their families and 

clinicians who regularly care for them were the first step in intervenHon planning. The 

study explored experiences of care, both posiHve and negaHve, and highlighted the 

hopes of key stakeholders in terms of future care. ParHcipants highlighted the need 

for clinical consensus, and clear educaHon amongst other key themes. Families, as 



 

 
 

243 

well as clinicians, were able to demonstrate the nuances of variaHon that exists in 

clinical care, that had previously been described by our research team [28]. 

ParHcipants also offered insight as to what self-management should include. It was at 

this point that the idea of the NON-STOP app was first introduced to parHcipants. An 

app had been idenHfied as a potenHally suitable mode of delivering self-management 

in PPI acHviHes prior to undertaking this doctoral programme of work. ParHcipants in 

the study offered their opinions and ideas as to what a digital intervenHon should 

include. These suggesHons came from both clinical parHcipants and child/family 

parHcipants and focused on what they believed would moHvate users to engage with 

a digital self-management intervenHon. Of parHcular relevance to the overall project, 

this study demonstrated the origin of rewards and gamificaHon within an app in order 

to moHvate children with Perthes’ Disease to engage with the NON-STOP app.  

The findings of this study were peer reviewed and shared with the clinical community 

in a published arHcle in the Bone and Joint Open journal [155]. They have also been 

presented both naHonally and internaHonally at relevant professional conferences. 

The results of the study were shared by email with all parHcipants using infographics 

and summaries with links to resources such as the study website. The wider children’s 

orthopaedic community was also informed of the findings using social media with 

links to said resources and journal arHcles. 

 

Chapter four: Clinical consensus recommendaHons for the non-surgical treatment of 

Perthes’ Disease  

It was clear from the qualitaHve study that there was a lack of agreement amongst 

clinicians regarding the non-surgical treatment of Perthes’ Disease. In the absence of 

robust evidence to direct pracHce, achieving clinical consensus was a reasonable next 

step. A two-round, modified Delphi study took place. In the first round, a survey 

designed with an advisory group that included experts in children’s orthopaedics was 

shared with parHcipants. The study involved two rounds of surveys completed by UK-

based children’s orthopaedic specialists including surgeons, physiotherapists and 

nurse-specialists with experience of treaHng children with Perthes’ Disease. 
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ParHcipants stated their level of agreement with the statements and had the 

opportunity to propose further statements for round two. Eighty-seven statements 

in total were included in the two rounds, and 45 achieved consensus and were 

presented as final clinical consensus recommendaHons. The consensus 

recommendaHons covered strengthening and stretching exercises, acHvity 

modificaHon, pain management, mental wellbeing and referral to specialist services. 

The findings of this study offered clinical guidance in the absence of robust evidence, 

which in turn offers a potenHal to reduce variaHon of care. As well as reducing 

variaHon, this study underpinned the development of a digital self-management 

intervenHon. The content of the NON-STOP app was derived in part, by the 

recommendaHons produced in this clinical consensus study.  

As in Chapter three, the findings of this study were wri'en up and published in a 

relevant medical journal, the consensus study was published in the Bone and Joint 

Journal [219]. Here it was selected as a focus piece, which allowed the researcher to 

share key findings using video and other media. An infographic for this piece of work 

was also produced to promote the findings to the clinical community, including 

children and their families (Appendix M). This was designed with PPI collaboraHon 

and delivered a reading age appropriate for all. Copies were posted to clinical centres 

around the UK. The infographic is also hosted on the STEPS Worldwide charity 

website, so it is accessible for parents/families. The study findings have also been 

presented at naHonal orthopaedic conferences.  

 

Chapter five: Development of the NON-STOP app 

Chapter five describes the design and development of the NON-STOP app. A digital 

self-management intervenHon for children with Perthes’ Disease and their families. 

The app combines the findings of the first two studies to act as the vehicle for delivery 

of the clinical content, as well as the content derived from PPI acHviHes. The design 

and development followed a combined approach of intervenHon development 

methods, all rooted in both theory and evidence. Namely, a combinaHon of the 

Medical Research Council (MRC) framework for developing complex intervenHons 
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and the Behaviour Change Wheel (BCW). The combinaHon of approaches ensured 

that the content of the NON-STOP app met the needs of the users, whilst sHll 

supporHng behaviour change.  

Features within the NON-STOP app included cartoon characters instrucHng children 

how to complete strengthening and stretching exercises. An avatar, Bobby the Bone, 

was customisable when children met their progress goals, which aligned with the 

reward element of the psychological theory which underpinned the intervenHon. The 

app also incorporated educaHonal content for children and families to review. 

CollaboraHon with digital health app developers was vital to the success of this work, 

as was PPI and user-tesHng to ensure the content designed was accessible to the 

children using it.  

The approach taken in developing the NON-STOP app is robust, the methods that 

were applied were rigorous and are accepted in the intervenHon development 

populaHon. The methods used to design the NON-STOP app, which are paramount in 

the development of complex intervenHons prior to tesHng in a clinical trial, have been 

submi'ed for peer-reviewed publicaHon. 

 

Chapter six: TesHng the usability and acceptability of the NON-STOP app  

Mixed-methods were used to test the usability and acceptability of the NON-STOP 

app. The first component of the mixed-methods study was a before and aher 

observaHonal study which recruited from three UK sites. Thirty-one children with 

Perthes’ Disease and their families were given access to the NON-STOP app for six-

weeks. Data from the before and aher observaHonal study focused on use and 

engagement with the app. Looking at metrics such as number of log ins, pain scores, 

and which areas of the app were used most. Outcome measures that focused on 

usability of the intervenHon were completed at follow up. 

The second component of the study was the nested focus group. In this qualitaHve 

arm of the study, parHcipants from the before and aher observaHonal study were 

invited to take part in a focus group. The aim was to build on the findings from the 
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before and aher observaHonal study. Providing an insight into user experience and 

idenHfy posiHve aspects of the app, as well as areas for improvement. The focus 

group provided deeper insights into usability challenges and also provided an 

opportunity to explore elements of self-management such as intervenHon dosage. 

For instance, through the before and aher observaHonal study it was possible to see 

how many Hmes a week a child used the NON-STOP app. In the nested focus group, 

parHcipants discussed why it was a certain number of Hmes, and how many Hmes a 

week was acceptable to them. ParHcularly when there was a reward element to the 

intervenHon.  

Overall, the NON-STOP app was well received, and it was possible to understand the 

usability and acceptability of the intervenHon from this study. Engagement reduced 

over Hme; however, children and families gave valuable suggesHons regarding 

refinement to maximise engagement. 

Chapter six builds on the findings from Chapter four by providing the first phase of 

evaluaHon of an intervenHon based on methods that have aimed to reduce care that 

was varied [28] and deemed, by key stakeholders, as sub-opHmal [155]. The study 

findings have been presented in a summary to parHcipants via email and the early 

results of the study have been presented at naHonal conferences, ahead of formal 

write-up and publicaHon following peer review.   

 

7.3 Review of exploratory hypothesis 

In the first chapter of this thesis, an exploratory hypothesis and the aims and 

objecHves were outlined. The hypothesis for this doctoral programme of work was 

that through a mix of methods, it would be possible to develop and preliminarily test 

a digital self-management intervenHon for the non-surgical treatment of Perthes’ 

Disease. Using a range of methodologies and outcomes, summarised in secHon 7.2 

above, and in each of the empirical chapters, this hypothesis has been explored and 

addressed. Refinements have been made to the intervenHon based on the findings 
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from the mixed-methods study, as well as PPI stakeholder input and relevant clinical 

trial experts.  

 

7.4 Interpreta,on of main findings 

The results from the studies within this doctoral programme of work offer novel 

conceptual insights. There is a lack of robust evidence for many children’s 

orthopaedic condiHons that warrant invesHgaHon. It is possible that this project, 

which enhanced the understanding of Perthes’ Disease, produced clinical consensus, 

and developed an intervenHon to support care, could offer an approach that is 

transferrable to other areas. ParHcularly given that, to the researcher’s knowledge, 

there are no methodological approaches that have been tested in children’s 

orthopaedics, specifically in children’s rehabilitaHon.  

One key concept in this project is self-management. The theories employed 

throughout this thesis have been useful in supporHng the development of a self-

management intervenHon. SDT and SEM focus on increasing moHvaHon to sustain a 

change in behaviour. [78, 109] In Chapter three, parHcipants shared their desire for 

independence when managing Perthes’ Disease, and explained that a digital 

intervenHon was something they would like to explore further. It would be possible 

to advocate using qualitaHve methods to outline what is important to key 

stakeholders in any condiHon in the future. ParHcularly given that the MRC 

Framework highlights the importance of involving key stakeholders in the design of 

complex intervenHons [44]. There are more nuances to self-management, and as a 

concept, it is not without its risks, which include disengagement through over 

sHmulaHon, and lack of engagement leading to paHents receiving no management as 

opposed to self-managing. These points are discussed in more detail in secHon 7.5 

with specific focus on how the noHon of self-management has been perceived in 

relaHon to the NON-STOP app, but also how it may be perceived in the wider 

children’s orthopaedic seqng. 
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The development of the NON-STOP was collaboraHve, specialists in app-design 

brought ideas from the qualitaHve study as well as the clinical consensus study. PAG 

members contributed to the design, with children providing pracHcal examples of 

how to make the app fun and engaging. Valuable insight can be taken from what has 

been learned by the researcher in this project, and potenHally be exported to other 

aspects of clinical research. Involving key stakeholders, PPI and PAG members offered 

a level of relatedness to the user, which, once again aligned well with the 

psychological theory, namely SDT, that underpinned the project. The idenHficaHon of 

Bobby the Bone and the process of engaging with the app to earn rewards to 

customise the avatar was a posiHve element of the intervenHon. Children with 

Perthes’ Disease and their families explained in focus groups that this moHvated them 

to use the app. IdenHfying an element of an intervenHon, in the design and 

development stage was useful here, and is something to consider in any intervenHon 

development in the future.  

There are some limitaHons, for instance, conducHng a Delphi study in the absence of 

robust evidence is an acceptable method of achieving clinical consensus. On 

reflecHon, it was the most appropriate way of creaHng clinical content, as well as 

providing clinical guidance for a professional group where one had previously not 

existed. It is however important to understand that in the future, guidance may need 

revisiHng should robust evidence arise. For instance from a definiHve clinical trial. This 

would be vital in terms of updaHng clinical communiHes, but also ensuring that an 

intervenHon remains relevant as the evidence base changes. An addiHonal learning 

point from the work completed is how methods used here could be altered in future 

work to opHmise the findings and address limitaHons. In the final study, focus groups 

were used to explore experiences of engaging with the NON-STOP app. The pi�alls of 

this approach were discussed in detail in the discussion in Chapter six, however, to 

link this to the learning opportunity for the researcher, it is important to consider the 

potenHal changes for future work. Focus groups within the feasibility study were 

a'ended by children and families that engaged with the intervenHon. The findings 

therefore reflect a sub-group of the sample that engaged, and do not reflect the 

populaHon. i.e., those who did not engage, did not have the opportunity to express 
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why. On reflecHon, this would need addressing in future intervenHon development 

and tesHng studies, with different approaches (discussed in Chapter six) selected. 

RelaHng back to the aims and objecHves, the method sHll effecHvely addressed those, 

however, focus groups to inform refinement of intervenHons may not be opHmal in 

the wider context of intervenHon design. This would need addressing in order to 

opHmise engagement within the desired group, and maximise longevity of the 

intervenHon. 

 

7.5 Key points for discussion 

In each of the empirical chapters that present the studies completed and the 

development of the NON-STOP app, there are discussion points that relate to that 

parHcular piece of work. In this secHon, two discussion points have been selected to 

revisit in more detail. The topics are relevant when considering this project as a 

whole, and considering its impact on clinical pracHce and how it has produced original 

contribuHons to the literature. Given the lack of literature relaHng to the non-surgical 

treatment of Perthes’ Disease, much of this contribuHon is given with reference to 

the development of digital self-management intervenHons. The discussion then 

moves to the key points for consideraHon and discussion for implementaHon of the 

NON-STOP app in the clinical field, and the challenges that this includes. Then the 

researcher presents a secHon discussing implementaHon of digital health 

intervenHons. Finally, self-management as a phenomenon is explored. With a 

parHcular focus on the noHon of self-management in children’s physiotherapy.  

 

7.5.1 Self-management for Perthes’ Disease 

In recent years, there have been studies, including a meta-analysis from PanagioH et 

all, which outlined how self-management intervenHons can underpin significant 

posiHve outcomes for paHents and health care services [288]. In this review, the 

authors were able to demonstrate that paHent outcomes were maintained with self-

management intervenHons whilst reducing the demand on the health care services. 
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Whilst this parHcular study was focused on adult care, similar results have been 

observed in child-health research involving children with physical disabiliHes [289]. 

Lindsay et al were also able to demonstrate improved outcomes including quality of 

life and reduced hospital visits.  

In the context of this project to develop a digital self-management intervenHon, the 

need was demonstrated by the researcher in a case review which demonstrated a 

variaHon of care in the UK [28]. In this study, centres in the UK reported variaHon in 

many aspects of care including physiotherapy, surgical intervenHon and acHvity 

modificaHon advice. In chapter three, children with Perthes’ Disease and their 

families explained that the variaHon of care had impacts on their quality of life, and 

that there was a strong desire for educaHon about the condiHon as well as input from 

relevant healthcare professionals. Most importantly, the parHcipants expressed that 

the NON-STOP app was a suitable soluHon to deliver a self-management intervenHon.  

Self-management offers many posiHve elements to those with health condiHons, and 

in this project specifically, the use of psychological theory has been used to develop 

a self-management intervenHon. It is also possible to use the theoreHcal 

underpinning to explain why self-management has a posiHve impact. In this project, 

the SDT ensured that the moHvaHng factors when creaHng the NON-STOP app related 

to three key components that lead to a sustained change in behaviour: autonomy, 

competence and relatedness [78]. In Chapter five, Table 5.3 – Key elements of the 

app and how they map to each of the theory elements, the specific elements of the 

NON-STOP in relaHon to SDT are discussed. The principle is the same when 

considering why self-management is posiHve for paHents in healthcare. Providing the 

necessary tools to self-manage meets all three of the components of SDT. By 

educaHng to an adequate level, a paHent will understand what to do and when, but 

also why they are being asked to self-manage. In this scenario, the paHent is 

competent, because they have been educated to a level that means they can execute 

the self-management strategy, whatever that may be. They also have the ability to do 

it independently, demonstraHng their autonomy. Finally, self-management 

intervenHons that have been developed using robust methods meet the needs of the 

user. Meaning that if done correctly, the paHent will engage with a self-management 
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intervenHon that addresses their needs, demonstraHng relatedness. There were 

examples of this in chapter six in the nested focus-groups where children who used 

the NON-STOP app and their families described the independence that the app had 

given them. 

There is a lack of digital self-management intervenHons for children relaHng to 

physical acHvity or rehabilitaHon reported in the literature. In Chapter two, the work 

by Mannocci et al was discussed [73]. The umbrella review demonstrated that 

physical acHvity intervenHons of any type were mostly based in school seqngs and 

that further research should invesHgate in other environments. There have been 

digital behaviour change intervenHons developed in other child-health areas that 

have been reviewed in the literature, specifically one systemaHc review by Brigden et 

al in 2020 [290]. The authors idenHfied studies which described effecHve digital 

intervenHons, reported promising intervenHons’ characterisHcs, and described the 

user’s experiences. The authors highlighted in the review that self-management skills 

demonstrated an increase in user knowledge, self-care, quality of life, symptom 

control and health service uHlisaHon. Seventeen intervenHons were included in the 

review, seven were related to weight management, of which most included some 

measure of physical acHvity as an outcome. The intervenHons described by the 

authors had limitaHons, and of 17 intervenHons, only three were deemed ‘quite 

promising’ according to the criteria outlined. For an intervenHon to be deemed ‘quite 

promising’, there needed to be a demonstraHon of posiHve effect on the primary 

outcome, or a behaviour change outcome. Any intervenHons that did meet both 

outcomes were referred to as ‘very promising’, no intervenHons were idenHfied as 

such. The majority of the intervenHons demonstrated high levels of bias and did not 

meet primary outcomes or behaviour change outcomes. Although 17 intervenHons 

were included in this review there is a lack of digital self-management intervenHons 

available in the rehabilitaHon space for children with health condiHons. It is therefore 

difficult to truly map the findings of this systemaHc review to the findings of this 

doctoral project. Self-management of Perthes’ Disease relies on engagement from all 

stakeholders, and future research is discussed later in this secHon, but should 

certainly include detailed evaluaHon.  
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Self-management and knowledge improvement has been a focus of gamificaHon-

style intervenHons for young people with chronic condiHons and have demonstrated 

some posiHve results [291]. The findings of this study by Charlier et al are somewhat 

translatable to the NON-STOP app development, as they show promising findings 

relaHng to increased knowledge aher using game-style intervenHons. GamificaHon 

was a significant part of developing the NON-STOP app, with parHcipants of Chapter 

three explaining that any self-management intervenHon must be “fun, and like a 

game” but all stakeholders wanted increased levels of educaHon. There are however 

relaHvely significant limitaHons to this review of intervenHons relaHng to the 

populaHon. The degree to which self-management has been measured is mostly 

related to children with diabetes being able to effecHvely monitor their own blood-

glucose levels [292]. Whilst a very important element of care for children with 

diabetes, not very relatable in the development of the NON-STOP app as monitoring 

is not a part of self-management. Overall, the review offers some reassurance to the 

methods of gamificaHon for increasing knowledge for children with health condiHons 

that could contribute to improved self-management. 

Once again, there is clear alignment with the theoreHcal underpinning of this doctoral 

programme of work. GamificaHon has demonstrated improvement in moHvaHon and 

adherence to desired behaviours in a range of physical and mental health condiHons 

[293]. Linking this to SDT parHcularly, gamifying an intervenHon like the NON-STOP 

offers an opportunity for longer-term engagement through increasing levels of 

relatedness, competency and indeed autonomy increasing as the child’s ability level 

increases. “Levels and rewards” were discussed by children with Perthes’ Disease in 

the qualitaHve study. Rewards were integrated into the design and development, but 

levels were more difficult to incorporate given the tesHng period that was possible in 

a PhD. There are limitaHons to the gamificaHon of intervenHons, one of which is 

oversHmulaHon and in turn disengagement [293]. Fine balance is required, and 

further demonstrates the importance of key stakeholder/PPI input at key stages of 

intervenHon design and development.  

As introduced above, self-management poses significant challenges, many of which 

were applicable to this project. To present all would be outside of the scope of this 
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project, the main challenges are similar to those in implementaHon of the NON-STOP 

intervenHon. Support systems are required for paHents to engage with self-

management intervenHons, for instance in the treatment of Perthes’ Disease, the 

NON-STOP app was not designed to replace exisHng care. Any refined and 

implemented version of the NON-STOP app (post-definiHve clinical trial) will be 

implemented to support exisHng care, reducing variaHon of care in the clinical seqng. 

If not done with engagement from necessary systems such as input from clinical 

specialists, children with Perthes’ Disease and their families are at risk of isolaHon, 

which carries much greater risk. Engagement with the intervenHon is another 

challenge with self-management intervenHons such as the NON-STOP app. Self-

efficacy is a challenge in a self-management intervenHon, and was explored in the 

feasibility study for the NON-STOP app. Ensuring that users feel confident in using the 

intervenHon, and that it will lead to the desired outcome, i.e., the ability to self-

manage, is key. Similarly, as seen in chapter six, any intervenHon must consider an 

appropriate dosage to prevent disengagement [285]. Once again, similar to 

implementaHon and the theoreHcal underpinning of the project, moHvaHon is a 

factor and must be considered when aiming to increase self-management. With 

specific reference to digital health intervenHons, health literacy and accessibility 

cannot be ignored. These were discussed in Chapter five and have also been 

considered by the authors of the digital behaviour change intervenHons review above 

[290]. Digital intervenHons aimed at improving self-management ohen rely on a 

certain level of access, for example to a smart device and mobile data. Similarly, they 

rely on a baseline level of health literacy, and these must be considered, as they were 

in the development of the NON-STOP app. If any of these challenges are not 

considered, there is a risk that the desired populaHon will become disengaged, and 

in turn isolated due to a lack of input and support [294]. This is a very serious issue 

given that self-management is aiming to establish a stronger connecHon to care 

provision.   

Addressing the challenges discussed in the future development and integraHon of the 

NON-STOP app in clinical pracHce could be guided using methods described in the 

implementaHon secHon above. There is a strong overlap with the issues to address in 
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the implementaHon of the intervenHon and challenges of self-management. In a 

wider sense, the challenges that face the NON-STOP app are not exclusive to this 

digital self-management intervenHon. In the development of other digital self-

management intervenHons for children, one must consider the key stakeholders and 

environments in which it may exist. Differences will exist in different paHent 

populaHons, and this must be acknowledged in order to maximise engagement. 

 

7.5.2 Future implementaBon of the NON-STOP app 

ImplementaHon science is a vital part of intervenHon development and evaluaHon, 

and provides methods and approaches to increase the uptake of an intervenHon in 

its intended area [295]. Applying an implementaHon theory to an intervenHon can be 

used to reduce the Hme between intervenHon development and it being adopted in 

clinical pracHce.  

Arguably the biggest challenge facing the uptake of the NON-STOP app, a novel digital 

self-management intervenHon for the non-surgical treatment of Perthes’ Disease, is 

implementaHon. There are many factors to consider when planning to incorporate 

the uptake of the NON-STOP app in current clinical pracHce. Some of these challenges 

are considered in detail in the limitaHons secHon below. Other challenges were 

considered in the development and early tesHng of the intervenHon as per available 

guidance [44]. For example, the integraHon of the views of the users/populaHon for 

whom it was developed. In PPI and Project Advisory Group (PAG) meeHngs, children 

and families explained that access to apps was easier if mobile data/internet access 

was not required for use. Work with the developers was completed to ensure that 

users could complete their sessions and relevant updates to servers, etc. took place 

once internet connecHon was re-established. To address the true demands that 

complete implementaHon poses was outside of the scope of this PhD. It was, 

however, important within this thesis to consider certain aspects of future 

implementaHon relevant to the NON-STOP app.  

ImplementaHon of the NON-STOP app in the future must involve maximised 

engagement with key stakeholders. In the context of the NON-STOP app, this involves 
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children with Perthes’ Disease and their families, and many aspects of engagement 

were evaluated in Chapter six. Elements of engagement that were not evaluated in 

the app-tesHng study were engagement with clinicians. In order to maximise uptake 

of this novel intervenHon to support self-management, careful consideraHon must be 

given to clinicians who care for children with Perthes’ Disease. In the work prior to 

this doctoral programme of work, the researcher was able to demonstrate 

widespread variaHon in the UK [28]. In Chapter four, clinical consensus 

recommendaHons were produced, and the published work [219] as well as naHonal 

disseminaHon to clinicians potenHally reduced the variaHon of care. To sustain uptake 

of the NON-STOP and in turn, maximise a successful implementaHon, there needs to 

be clear engagement with clinicians who care for children with Perthes’ Disease and 

their families. To do this, similar theories and approaches to those used in this project 

could be employed, for example, the use of psychological theories relaHng to 

behaviour change such as SDT and SEM [78, 109]. The majority of the uptake and 

implementaHon of the NON-STOP app in a ‘real world’ clinical seqng would involve 

engagement with physiotherapists and surgeons working in children’s orthopaedics. 

NaHonally the researcher has developed a strong relaHonship in this space through 

the work completed in this project. One example is that the researcher currently 

chairs an Allied Health Professionals and nursing commi'ee within BSCOS. UHlising 

these networks to develop relaHonships with relevant teams aligns with the guidance 

of the MRC Framework which encourages users to engage with relevant stakeholders 

as part of the implementaHon of an intervenHon [44].  

Another pracHcal consideraHon regarding the implementaHon of the NON-STOP app 

due to it being a digital intervenHon was where the app would be hosted. In the 

context of the NON-STOP app, this means where the app would be placed, for the 

users to be able to access it, such as a webpage that clinicians can direct potenHal 

users to in order for them to download the app. It also relates to regular maintenance 

and sohware updates that are not substanHal. For instance, to ensure that apps 

conHnue to funcHon with the most current operaHng system of the device. For the 

purpose of this doctoral programme of work, and a short period aher project, funding 

was secured for the developers (HMA) to host the NON-STOP app on their servers. 
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Longer term there needs to be a plan regarding hosHng, not only including the 

securing of funding to do so. Prior to 2021, there would be the potenHal for the NON-

STOP app to be adopted by the NHS app library, however this was decommissioned 

in 2021 [296]. ApplicaHons such as the NON-STOP app are sHll selected by clinical 

policy teams, and recommended on the NHS website at relevant sub-pages. It would 

be reasonable for future implementaHon work to include a decision making process 

in which a suitable host is selected. HosHng somewhere that is well known to the 

clinical populaHon like the NHS website would be sensible, and would align with 

common aims of implementaHon theories which are to reduce research waste [297]. 

AlternaHve locaHons were conceivable; they include the potenHal to have the NON-

STOP app hosted on another relevant webpage that would result in acceptable levels 

of engagement. One example would be the STEPS charity website, the researcher, as 

well as members of the supervisory team have developed strong relaHonships with 

the charity and having the app hosted on that page would also be reasonable.  

With all of the opHons presented, one must recognise one of the most significant 

implicaHons that come with digital health technologies, and that is cost. As operaHng 

systems develop and update, so must applicaHons that are used on them. Updates 

come at a cost, and in the context of the NON-STOP app, this would likely include 

liaison with NHS England to adopt the technology and approve it for recommendaHon 

on the NHS website. Correct at the Hme of wriHng this thesis (October 2024), the 

most common way of assessing a digital technology for uptake within the Health and 

Social care domain, was using a Digital Technology Assessment Criteria (DTAC) [298]. 

The DTAC is a collecHon of criteria that can be used by organisaHons at the 

procurement stage to ascertain whether a digital technology meet a set of minimum 

baseline standards [299]. This work has been designed with reference to one 

framework that has been used in this doctoral programme of work, the NICE ESF 

[223]. As a result, the criteria assess many of the elements of intervenHon 

development that have been employed in this project, including usability and 

acceptability.  
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7.5.2.1 ImplementaHon approaches 

There are a number of theories/approaches that could be applied to the NON-STOP 

app in order to evaluate the longer term implementaHon of the intervenHon. One 

opHon would have been to apply the RE-AIM framework to the development of the 

NON-STOP intervenHon [300]. RE-AIM is a tool used to evaluate the potenHal impact 

of an intervenHon in its intended populaHon [301]. The evaluaHon is based on five 

components: Reach, EffecHveness, AdopHon, ImplementaHon and Maintenance (RE-

AIM). Put into context for the NON-STOP app, applying this framework would allow 

the researcher to systemaHcally evaluate its real world impact, ensuring it serves its 

intended populaHon, i.e. children with Perthes’ Disease and their families. As well as 

this, it would allow the researcher to evaluate its impact on clinicians, and ensure it 

maintains long-term engagement. 

RE-AIM has been used in child-health, albeit not in used for digital health 

intervenHons, to assess implementaHon of intervenHons that are somewhat similar 

to the NON-STOP app. In 2023 BriaHco et al used the RE-AIM framework to evaluate 

a parent-focused intervenHon targeHng childhood obesity [301]. The intervenHon 

was based on behaviour change techniques, including educaHon sessions that 

children and parents a'ended at three stages in the intervenHon period (13-weeks). 

The intervenHon was well defined, with a previously published pilot study [302] 

outlining the intervenHon and a further report discussing the findings of the pilot 

study [303]. The authors provided a clear outline of the RE-AIM dimensions and 

pracHcal examples of what measures were collected and when. Using the RE-AIM 

dimensions, the authors were able to demonstrate that they successfully reached 

their intended parHcipants, children with obesity. EffecHveness was demonstrated 

with weight loss over the intervenHon period. A key limitaHon of the use of RE-AIM 

in this study is that the authors did not factor in any review of long-term maintenance 

data due to the study focusing on the implementaHon of the intervenHon which was 

a 13-week programme. The lack of long-term monitoring in this study is not 

uncommon and a key characterisHc of RE-AIM, which is resource intensive, requiring 

data collecHon on each dimension for a long period of Hme. With recent literature 

regarding RE-AIM suggesHng that maintenance should be measured around one to 
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two years post iniHal implementaHon [304]. The robust nature of the implementaHon 

framework does however mean that the strength of its applicaHon is that you 

produce a comprehensive assessment of the implementaHon of the intervenHon. 

Applying this method to the implementaHon of the NON-STOP app would be 

appropriate. It would allow the researcher to gain an insight into important elements 

of the intervenHon, for example, areas that are well engaged with, or clinical 

measures that are reviewed aher a period of use. For Perthes’ Disease it would 

include the use of the measures included in the core outcome set. It would need 

consideraHon and reasonable support both from experHse and resources in order to 

measure all five dimensions.   

Another approach that would be possible in the implementaHon of the NON-STOP 

app would be to apply a COM-B model [305]. The COM-B model focuses on three 

main components: Capability, Opportunity and MoHvaHon, and relates these to 

Behaviour. This concept has been discussed in Chapter five however this was mostly 

aimed at the development of the intervenHon rather than any focus on 

implementaHon. It would be parHcularly appropriate to consider this given the focus 

on the intended change in behaviour from using the NON-STOP app. The COM-B 

model has been applied to intervenHons that focus on physical acHvity in young 

people [306]. Here the authors were able to use the COM-B to design and evaluate 

the intervenHon and focus on which components in parHcular affected the change in 

behaviour. As discussed, this would be appropriate to apply in a more detailed sense 

to the NON-STOP app to allow for evaluaHon of how any sustained change in 

behaviour was achieved. It is, however, worth noHng that when compared with an 

approach like RE-AIM, the COM-B model would not provide as comprehensive of an 

evaluaHon. For instance, whilst it would idenHfy factors affecHng behaviour that 

relate to the user, it does not consider broader factors that influence change in 

behaviour. An example in relaHon to the NON-STOP app would be that it would not 

consider the implicaHons of environmental support systems like increased and 

sustained engagement from clinicians.  

SelecHng an implementaHon theory or approach should be done with careful 

consideraHon, and in 2018 Birken et al developed a tool to assist in the comparison 
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of theories and approaches. It is called the Theory, Model and Framework 

Comparison and SelecHon Tool (T-CaST) [307, 308]. The authors created this tool 

which allows researchers to compare theories, models and frameworks by applying 

certain criteria that relate to four commonly used domains: usability, testability, 

applicability and acceptability. Two of these measures were the focus of chapter six 

of this doctoral programme of work. More than allowing researchers to compare and 

select the implementaHon approach, the authors also explained how T-CaST has the 

potenHal to improve the reporHng of criteria used when selecHng an implementaHon 

approach.  

Taking in to account the above, the implementaHon of the NON-STOP app as a digital 

health intervenHon will require specific experHse to facilitate robust evaluaHon in 

order to ensure an effecHve adopHon and sustained use in clinical pracHce. 

Engagement with key stakeholders including children with Perthes’ Disease, their 

families and clinicians who care for them will be paramount. As outlined above, there 

are stakeholders that were not wholly considered in the development of the 

intervenHon that would need to be included, such as organisaHons who may host the 

intervenHon and certainly those who will fund the ongoing technological support of 

the digital intervenHon. Future research should include the integraHon of a proven 

framework to aid implementaHon; two potenHal opHons have been provided here. It 

would also be useful to use a decision making tool such as presented above in T-CaST 

[307, 308]. The use of a robust framework will ensure that the NON-STOP app meets 

the needs of environment in which it is used as well as the children and families that 

engage with it. This will maximise engagement in the long term and lead to a 

sustained change in behaviour which would be opHmised self-management of 

Perthes’ Disease.  
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7.6 Strengths and limita,ons 

In each of the relevant chapters, the strengths and limitaHons of each study/element 

of the project have been discussed. The following secHon summarises the key 

strengths and limitaHons of the overall project. Where possible, relevant literature 

surrounding the topic has been considered. 

 

7.6.1 Development of evidence-based digital intervenBon 

App-development and use in every element of life has become common pracHce, as 

of August 2024, there are over two million apps available on the Apple App Store, 

and almost 2.4 million apps on the Android Play Store [309]. App development and 

use in healthcare is also rising, with a mulHtude of apps for children in the healthcare 

and educaHon space. Many of which were discussed in Chapter five. As outlined in 

chapter five, there are methodologies that exist for the development of complex 

intervenHons [138]. There are, however, no robust methodologies that guide 

development of digital self-management intervenHons for children with a focus on 

physical acHvity. Nevertheless, complex intervenHons are common pracHce in health 

research, parHcularly in studies where rehabilitaHon, physical acHvity and self-

management are involved [310-312].  

Taking the above into consideraHon, a key strength of this doctoral programme of 

work is that the NON-STOP app was developed using methods that are becoming 

relaHvely common pracHce in studies that are funded by influenHal organisaHons 

including the NaHonal InsHtute for Health and Care Research (NIHR). The applicaHon 

of the MRC framework and NICE Evidence Standards Framework (ESF), as well as 

several behavioural psychological theories highlight the rigorous approach that was 

taken in this project [44, 78, 109, 145, 165, 223]. A mix of methods were employed 

across the project, in the studies outlined in secHon 7.2. These studies provided novel 

findings in the field of Perthes’ Disease and allowed the researcher to produce the 

content necessary to apply the blended intervenHon development approach.   
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Paying parHcular a'enHon to the MRC Framework and NICE ESF [44, 223], it is 

possible to suggest that future research could explore a reconciliaHon between these 

two pieces of work to provide a clear guidance for those developing digital 

intervenHons. This would most likely take the form of a new document; however, the 

potenHal impact should not be ignored given its potenHal applicaHon across a 

number of disciplines. ParHcularly as the health, and healthcare research world 

conHnues to become more and more digital. 

 

7.6.2 Methodological approaches taken in the project 

A factor that posed a significant challenge in this doctoral programme of work was 

the number of methodologies that were uHlised. QualitaHve methods, Delphi 

methodology and mixed-methodology were all new experiences for the researcher, 

and required input and support from those with experience in each. There was an 

implementaHon of the skills learned over the course of the project, for example, 

lessons learned from experience and reflecHon in the qualitaHve study in chapter 

three allowed for a more efficient data analysis in chapter six. UlHmately, the methods 

applied were chosen to ensure that the relevant stakeholders were integrated in the 

research design, and in turn the findings most applicable to them.  

It would be unrealisHc to expect a doctoral researcher to complete this alone, and 

with experHse from the supervisory team, and someHmes wider (such as qualitaHve 

support from SP in chapters three and six), each study was successfully completed. 

That being said, as a result of this programme of work, the researcher has now 

developed at least a foundaHon level of understanding of a mix of methodologies. 

These methodologies can be employed when developing an intervenHon, which will 

likely be a significant part of the researcher’s future as a clinical academic children’s 

physiotherapist. It will also give the researcher the foundaHon to develop support 

mechanisms for future healthcare researchers. As well as learning to carry out these 

methodologies with support, it has also been possible to reflect on the Hme 

management skills that have been developed as a result of using a mix of methods. 
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Understanding logisHcal implicaHons around conducHng studies that require ethical 

approval from NHS REC/HRA due to the involvement of NHS paHents.   

Applying the research methods used in this thesis has been a challenge, not least 

given the added complexiHes that child-health research introduces. In chapters 3 and 

6, children were involved as parHcipants, as young as five years old in the studies. To 

the knowledge of the researcher, there is no guidance on how to tailor the research 

methods to children. The applicaHon of this mix of methods, does align to the 

pragmaHc approach that has been employed throughout the thesis. One example is 

the uHlisaHon of rapport building periods within the online-conducted interviews 

with children in Chapter three. Developmental appropriateness is something to be 

considered for each parHcipant in child-health research. Language skills, non-verbal 

communicaHon, and monitoring levels of engagement are parHcular challenges of 

qualitaHve research with children. To give a quanHtaHve example of a challenge, 

when collecHng app-tesHng data in Chapter six, it may be reasonable to consider a 

certain level of engagement ‘acceptable’ for a younger child compared to an older 

child, or indeed vice versa, but there is no available guidance for this. Once again, a 

pragmaHc approach was applied with regular PPI and PAG input. This approach would 

be recommended in the absence of any robust guidance.  

It would have been possible to apply a mixed-methods approach to the whole project 

as opposed to a mix of methods. Recent research has demonstrated the posiHve 

impact of employing mixed-methods in intervenHon studies in children and 

adolescents [313]. In this methodological review, Fabregues et al reviewed mixed-

methods in intervenHon studies in emoHonal and behavioural disorders. Whilst the 

area of pracHce is not related to physical acHvity or rehabilitaHon the authors 

summarised the findings of the studies and reported that in many of the included 

studies, there were reports of posiHve impact of mixed-methods. Included in the 

posiHve impact was elements such as more contextualisaHon of findings, similar to 

the posiHve impact of applying mixed-methods in Chapter six.  

There are a number of factors that were considered in the decision-making process 

when selecHng the methodology. The most important factor was that each method 
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chose, aligned with the views or aims of the researcher. This project has been 

completed with a pragmaHc approach, with methods selected to meet the aims and 

objecHves to deliver a usable and acceptable digital self-management intervenHon. 

The methods were agreed upon by not only the researcher, but with input from a 

supervisory team. The wider team included complex intervenHon development and 

evaluaHon specialists, qualitaHve methods specialists and clinical academic leaders 

that have substanHal experience of develop clinical consensus. The methods chosen 

ensured the aims and objecHves of each study were met, and in turn, the aims and 

objecHves of the overall project were met.  

 

7.6.3 PPI input 

Prior to this doctoral project, PPI and input from children with Perthes’ Disease 

advised the researcher that research should take place to develop and test an app. 

Originally, there was an idea to develop a self-management intervenHon in the form 

of a website. Children unanimously explained that an app would be'er support them 

to complete their physiotherapy exercises. It is well described in the literature and 

outlined in the mission statement of the NIHR that PPI are paramount in health and 

care research [314]. In the most recent survey by the NIHR, children, including those 

in the 0-6 years old category, reported that they felt valued to be involved in research. 

Strong PPI is also an important part of intervenHon development [44]. From the 

outset of the PhD, a project advisory group (PAG) was established which included 

children with Perthes’ Disease, family members and clinicians. The PAG was chaired 

by a member of the public, who also held the role of General Manager of the 

children’s charity STEPS Worldwide. The group was maintained throughout the 

duraHon of the PhD and has had input in many different aspects of the project. To 

highlight some of the key events: 

- Design of research study materials such as parHcipant informaHon sheets and 

topic guides 

- Design of the study website, hosted by the researcher’s clinical employers 
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- DisseminaHon of study findings in various forms such as online videos and 

graphics 

- Cartoon design including the ‘bringing-to-life’ of Bobby the Bone and other 

characters in the NON-STOP app 

The PPI and PAG acHvity throughout the project aligned with the theoreHcal 

underpinning of the project which focus on factors that moHvate people to change 

their behaviour, and hopefully, sustain that change in behaviour [44, 78, 109, 145, 

223]. It also very much aligns with the pragmaHc approach of the researcher. To try 

and be'er understand how to opHmise non-surgical treatment of Perthes’ Disease 

and develop an acceptable and usable digital self-management intervenHon, it 

seemed only too reasonable to include children with Perthes’ Disease, their family 

members and the clinicians who care for them in the design and delivery of the 

project. The success of this project is a'ributable to the PAG and PPI members that 

have contributed to this project. Future work regarding the NON-STOP app, as well 

as other clinical research conducted by the researcher, will conHnue to have PPI as a 

central role in the research process.  

PPI has, understandably, become such a significant focus of organisaHons such as the 

NIHR, it would be possible to evaluate the PPI impact from this study using something 

like the Public Involvement Impact Assessment Framework (PiiAF) [315]. The PiiAF is 

a framework that can be used to assess the impact of involving members of the public 

in their research, and has been done in seqngs such as mental health research [316]. 

There is now internaHonal guidance available to assist researchers in the reporHng of 

PPI in research [317]. RealisHcally, any formal evaluaHon of PPI impact was outside of 

the scope of this project. In an a'empt to maintain an effecHve oversight of what had 

been discussed in PPI acHviHes from the start of the project (2021), the researcher 

kept a PPI log. These were stored in a variety of forms, audio notes reflecHng on PPI 

sessions were taken aher sessions and wri'en reflecHons were produced to outline 

how PPI acHviHes influenced the work in this project.  
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7.6.4 PotenBal implementaBon of the NON-STOP app 

Understanding the necessary steps to bringing evidence-based intervenHons from 

research in to the ‘real world’ is vital [318]. ImplementaHon science plays a key role 

in ensuring that intervenHons are not only effecHve in controlled seqngs but also 

scalable and sustainable in pracHce [44]. ImplementaHon science helps idenHfy 

barriers and enablers that could affect the uptake and sustainability of complex 

intervenHons, which is essenHal in projects such as this [319, 320]. In this project, it 

was not possible to fully address barriers and/or enablers to implementaHon aher 

preliminary tesHng. 

ImplementaHon was considered throughout the project as part of the programme 

theory, displayed using logic models (Appendix I). These models outlined potenHal 

routes to implementaHon, despite a formal strategy being outside of the scope of this 

project. When considering larger scale implementaHon of an intervenHon like the 

NON-STOP app, a mulHtude of factors must be addressed, ranging from clinical 

integraHon to sustained engagement. These consideraHons apply not only to the 

NON-STOP app, but also to the broader theory and approaches available when 

considering implementaHon of an intervenHon.  

In the development of the NON-STOP app, key stakeholders were involved through 

PPI acHviHes and inclusion in the studies. While a comprehensive implementaHon 

strategy was not developed as part of this doctoral project, ensuring a user-centred 

design increases the feasibility of future real-world implementaHon. By involving 

children with Perthes’ Disease, their families and clinicians in Chapter three, and a 

diverse sample of clinicians in Chapter four, the researcher ensured the NON-STOP 

app was grounded in the needs of both the clinical populaHon and its intended users. 

In Chapter six, some degree of implementaHon is evaluated, with engagement with 

the NON-STOP app and factors that affected impact and uptake of the intervenHon. 

However, a more extensive evaluaHon is required to fully assess the implementaHon 

of the NON-STOP app within its intended real-world context. This would need to 

begin with evaluaHon of the intervenHon in terms of efficacy and comparison to what 
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has been delivered in pracHce. More details regarding the pracHcal challenges of 

evaluaHon are discussed in secHon 7.8.  

 

7.7 Impact on prac,ce and policy 

In each of the studies throughout this project, the implicaHons for pracHce and future 

research were discussed. In this secHon the researcher has provided an overview of 

the impact of this doctoral project in relaHon to policy and pracHce. The impact 

relates to clinical pracHce, including relevance to both children’s orthopaedic 

physiotherapy and surgery, as well as the wider clinical research context.  

 

7.7.1 Impact in a clinical context 

Through the objecHves set out in this doctoral fellowship, work has been completed 

which independently has posiHvely impacted the understanding that we have about 

Perthes’ Disease. The standout piece of work relaHng to clinical impact is the clinical 

consensus recommendaHons for the non-surgical treatment of Perthes’ Disease 

which supports the pracHce of children’s orthopaedic specialists including 

physiotherapists, clinical nurse specialists and surgeons [219]. In the absence of 

robust evidence, these clinical consensus recommendaHons are as close to 

agreement that the children’s orthopaedic community has come in regard to non-

surgical treatment. Successful disseminaHon through various methods, such as social 

media, has resulted in naHonwide interest in the findings. The clinical consensus 

study in Chapter four was selected for a focus review by the Bone and Joint Journal, 

and selected as ‘ArHcle of the month’ by the same journal [321]. PresentaHons at 

naHonal conferences such as the BriHsh Orthopaedic AssociaHon and BSCOS annual 

conferences have increased the impact of the findings in the clinical context. There 

has also been disseminaHon of materials such as the consensus recommendaHons 

infographics to over 40 departments in the UK, including children’s orthopaedic 

specialists, but also wider members of the MDT such as Paediatric Accident and 

Emergency colleagues, community paediatricians and GPs. In the paHent populaHon, 
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there has been strong engagement aher sharing the findings with children and 

families through charity outputs and webinars.  

The findings of this study in the context of the doctoral programme were vital in 

developing the clinical content for the NON-STOP app and were integrated as 

described in Chapter five. It is hoped that the findings, aided by the wide 

disseminaHon, will result in a reducHon in the variaHon of care. In the future, this will 

ensure that regardless of the geographical locaHon of a child with Perthes’ Disease, 

the care they receive will be based on the best available evidence. 

 

7.7.2 Impact in children’s orthopaedic research 

Clinical trials in children’s orthopaedics have made significant advances in the last ten 

years, with a development of numerous successful funding calls to deliver robust, 

randomised clinical trials in a number of condiHons [322]. Nevertheless, many 

quesHons remain to be answered, including several that involve a strong 

physiotherapy influence and are related to self-management and/or rehabilitaHon. 

The first children’s orthopaedic trials addressing rehabilitaHon are now underway, 

with the ROBUST [323] and SPELL [324] trial seeking to evaluate the effecHveness of 

strengthening and stretching, respecHvely, for children with cerebral palsy.  

Whilst the aim of this doctoral project was to deliver and begin tesHng of the NON-

STOP app, the doctorate has provided an opportunity for the researcher to establish 

a profile as a clinical academic in children’s orthopaedics. NaHonally, allied health 

professionals are under-represented in clinical academia and providing support for 

these professions is a focus of the NIHR, as set out in their strategy document “Best 

Research for Best Health: The Next Chapter” [325]. Throughout the duraHon of the 

doctorate, the researcher has had the opportunity to share learning and skills that 

have been developed with wider members of the children’s orthopaedic community, 

but also the allied health professions and early career researcher groups within 

organisaHons such as the NIHR. In the future there is a need for greater capacity 

development in this space to support further advances in the children’s orthopaedic 

physiotherapy field.   
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The findings from this programme of work have been shared with the clinical 

community, elements of the thesis have recently been included in a scoping review 

by Beni et al [326]. In the scoping review, the authors highlight the qualitaHve 

research from Chapter three [155] as well as the previously completed systemaHc 

review [34]. The authors have included a focus on the findings from the clinical 

consensus study to provide a clinical pathway for iniHal management [219].  

Over the course of this doctoral programme of work, an intervenHon has been that is 

usable and acceptable has been produced. It has been refined, and is prepared for 

integraHon in a randomised clinical trial comparing surgical and non-surgical 

treatment of Perthes’ Disease (The Op NON-STOP study), which is discussed below.  

7.8 Future research 

Throughout this thesis, there has been regular reference through the aims and 

objecHves to a future “definiHve clinical trial”. Therefore, a reasonable next step 

would be to compare the NON-STOP self-management intervenHon to exisHng care. 

These methods are regularly uHlised in clinical research, and parHcularly in 

rehabilitaHon studies where novel intervenHons are compared with exisHng care 

[327]. An example was used when comparing physiotherapy alone with addiHonal 

“eHealth”, which was a digital intervenHon including self-management materials for 

paHents with spinal pain. The materials included educaHon around pain management 

and behaviour change techniques to help paHents understand their pain and manage 

the condiHon. The intervenHon was well described and used TIDieR guidelines [63] 

to report the intervenHon and included training of the physiotherapists delivering the 

experimental intervenHon (eHealth). The control intervenHon (usual care) is also well 

defined, with naHonal pracHce guidelines for spinal pain described. The methods 

used to evaluate the effecHveness of this novel intervenHon compared to the control 

intervenHon are well defined and appropriate.  

Regarding the evaluaHon of digital intervenHons, guidance is available which 

emphasises the importance of conducHng randomised clinical trials to provide 

definiHve evidence on the effecHveness of these intervenHons [328]. 
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RecommendaHons from Murray et al were based on the findings of an internaHonal 

consensus workshop and sHpulate that a trial is needed, however this should only be 

done once certain criteria are met. One is that the intervenHon is “stable” i.e. any 

future developments are minor, in the context of the NON-STOP app, the content has 

been well defined, and the delivery systems are in place, refinement would include 

making the intervenHon applicable for longer term use rather than a shorter tesHng 

period. The remaining criteria relate to the intervenHon having high fidelity and a 

potenHal for meaningful benefits in the clinical sense. Fidelity has been examined 

somewhat in this project, but not with a specific approach to demonstrate fidelity, 

rather to demonstrate aspects of it such as acceptability and usability [329].  

The key limitaHon of applying this methodology to the Perthes’ Disease populaHon is 

that usual care has never previously been standardised, as demonstrated in the case 

review and systemaHc review completed by the researcher [28, 34]. Any future study 

that compared the NON-STOP to ‘usual care’ would therefore be difficult to 

accurately evaluate due to the variaHon in what would be the control arm.  

 

7.8.1 The Op NON-STOP study 

At the point of submission of this doctoral thesis (December 2024), refinement of the 

NON-STOP app has taken place based on the findings of chapter six, and engagement 

with PPI members. As discussed in Chapter one, there has been a strong desire from 

the clinical community, as well as the paHent populaHon, to compare surgical and 

non-surgical treatment of Perthes’ Disease. The best way to provide an answer as to 

how clinicians should best treat children with Perthes’ Disease is a randomised clinical 

trial. In 2024, the researcher, along with two members of the supervisory team (DP 

and DK) were involved in the successful applicaHon of a NIHR Health Technology 

Assessment (HTA) grant to compare surgical and non-surgical treatment of Perthes’ 

Disease (ID: NIHR152309, ISRCTN83315571) [330, 331]. This mulH-centre, 

prospecHve, randomised superiority trial children will be randomly allocated to 

receive surgical, or non-surgical intervenHon, described in a publicaHon authored by 

the researcher [332]. If randomised to the non-surgical arm of the study, they will 
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receive a one-off best evidence advice session with a trial trained physiotherapist. 

The content of this session has been designed based on the findings of this doctoral 

programme of work. The parHcipants in the non-surgical arm will also be given access 

to self-management materials, i.e. a refined version of the NON-STOP app. The study 

has been designed with a pilot phase in the first 12-months, and throughout the 

course of the trial, there is the opportunity to embed elements of the implementaHon 

processes discussed in secHon 7.5.1. Elements of implementaHon that will be 

evaluated are the level of engagement and the effect of greater engagement (i.e. 

more app use) and the outcomes included in the trial. These outcomes are the same 

that were used in chapter six, and are based on the core outcome set for Perthes’ 

Disease [95]. There are some limitaHons regarding the NON-STOP app being used as 

part of a comparator in a clinical trial. For instance, one could argue that the NON-

STOP app has not undergone effecHveness/efficacy tesHng that aligns with best 

pracHce for intervenHons [44]. It was not the researcher’s original plan to integrate 

directly from this doctorate in to a clinical trial. The iniHal plan would have been 

evaluaHon of the NON-STOP app plus ‘usual care’ compared with usual care. 

However, the choice was made amongst intervenHon specialists and those with 

experHse in conducHng clinical trials in children’s orthopaedics to move forward with 

the clinical trial with the findings from this doctoral programme of work as a key 

component of the non-surgical intervenHon. The findings have helped to standardise 

the non-surgical management, as described, to support the non-surgical intervenHon 

within the trial which includes the NON-STOP app supplemenHng usual care. Given 

the degree of variaHon that has been described in ‘usual care’, this project has served 

as effecHve in providing evidence to opHmise the non-surgical treatment of Perthes’ 

Disease.  

Considering future research in a wider sense and factoring in the direcHon of 

healthcare with regards to digital health intervenHons, it is likely that the findings of 

this project could be used to conduct similar research in other children’s orthopaedic 

condiHons. For instance, as discussed, the methods of intervenHon development 

used in this project could be applicable to other condiHons where a digital self-

management intervenHon is worthy of exploraHon.  
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7.9 Conclusion 

The aim of this doctoral programme of work was to uHlise the experiences and 

recommendaHons of key stakeholders, to deliver a digital self-management 

intervenHon for the non-surgical treatment of Perthes’ Disease. The aim was then to 

assess the usability of the tool, and the acceptability in preparaHon for a future 

definiHve clinical trial. This aim was achieved using a mix of methods, each applied to 

meet the specific aims and objecHves of the project. The overarching theories (SDT 

and SEM) that underpinned the project, and the pragmaHc approach of the 

researcher, contributed to the objecHves being met. PPI and key stakeholder 

involvement was imperaHve in this thesis. Their input at key milestones ensured a 

deeper understanding of factors that opHmised engagement with the intervenHon. 

This doctoral programme of work has the potenHal to be used as an example of 

methods that could be applied to other areas of children’s orthopaedics or 

rehabilitaHon where self-management intervenHons are a potenHally useful direcHon 

for clinical care.  

The findings of this project have contributed in an original manner to developing the 

understanding of Perthes’ Disease in a number of ways. In chapter three, the 

experiences and understanding of children with Perthes’ Disease, their families and 

the clinicians who care for them were captured. This had not previously been done 

and has contributed a level of understanding to the scienHfic community, whilst 

providing valuable informaHon in the development of the NON-STOP app. In chapter 

four, clinical consensus recommendaHons provided guidance for clinicians regarding 

non-surgical treatment of Perthes’ Disease for the first Hme in this paHent populaHon. 

In chapter six, the findings from a mixed-methods study suggest that the NON-STOP 

app is usable and acceptable to children with Perthes’ Disease and their families. 

Further work is required to further evaluate the NON-STOP app in real world seqngs, 

and the inclusion of key stakeholders and PPI members will be vital.  

Using the methods described, this doctoral programme of work has produced novel 

findings that contribute to the opHmisaHon of the non-surgical treatment of Perthes’ 

Disease. These include clinical consensus recommendaHons that have the potenHal 
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to reduce variaHon in care, which children with Perthes’ Disease and their families 

expressed as an important issue in previous experiences. Based on these findings, the 

NON-STOP app was created and in preliminary tesHng, yielded a very promising 

response from uses who found it to be acceptable and usable. The findings from this 

thesis are currently integrated in the first prospecHve, randomised clinical trial to take 

place for children with Perthes’ Disease which looks to address one of the most 

important topics in children’s orthopaedic research. A comparison on surgical 

containment and opHmised non-surgical treatment of Perthes’ Disease. 
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Appendices 

Appendix A – PROMIS Mobility 
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Appendix B – Child par,cipant informa,on sheet 

 



 

 
 

312 

Appendix C – Family par,cipant informa,on sheet
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Appendix D – Clinician par,cipant informa,on sheet 
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Appendix E – Topic guide for qualita,ve study 
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Appendix F – HRA/REC favourable opinion le^er for qualita,ve study 
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Appendix G – Par,cipant quote table from interview study 
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Appendix H – Thema,c table for interview study 

This table shows a frequency count for each parHcipant within the interview study and shows the number of responses each parHcipant gave in 
each theme/subtheme. 

ThemaHc table for clinician parHcipants 
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ThemaHc table for child/family parHcipants 
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Appendix I – Logic models throughout project 
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Appendix J – Summary of evidence for par,cipants 
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Appendix K – Ini,al survey for clinical consensus study 
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Appendix L – Summary of results from round 1 
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Appendix M – Clinical consensus recommenda,ons summary graphic 
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Appendix N – GUIDED checklist for NON-STOP development 
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Appendix O – App-tes,ng par,cipant informa,on sheet: child 

  



 

 
 

348 

Appendix P – App-tes,ng par,cipant informa,on sheet: family 
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Appendix Q – Focus group par,cipant informa,on sheet: child 
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Appendix R – Focus group par,cipant informa,on sheet: family 
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Appendix S – CONSORT checklist for feasibility study 
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Appendix T – Children’s Physical Ac,vity Ques,onnaire 
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Appendix U – Health ITUES for the NON-STOP app 
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Appendix V – Topic guide for focus group 
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Appendix W – COREQ checklist for nested qualita,ve study 
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Appendix X – HRA/REC favourable opinion le^er for feasibility study  
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Appendix Y – Par,cipant quote table from focus groups
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Appendix Z – Thema,c table for focus group 

                                                                            Participant 
 
Code Child 

1 L2 
Parent 

1 L2 
Child 
2 S3 

Parent 
2 S3 

Parent 
3 S4 

Child 
4 

AH3 
Parent 
4 AH3 

Child 
5 L7 

Parent 
5 L7 

1.1 Problems with use   2   2     3     
1.2 Elements increasing use       3   1 1 1 1 
1.3 Demonstration of independence   4 1 5   1 2 1 2 
2.1 Impact of rewards on use 1 2   2   1 4 1 3 
3.1 Positive elements of the app 7 1 4 5 5 2 5 1 4 
3.2 Less positive elements of the app   2 2 5 1   1     
3.3 Progression throughout app-testing period   3         1     
4.1 Relationship to current care     1 2     1   1 
4.2 Differences to previous care       3 1   1     
4.3 Relevance to stage of Perthes’ Disease   2     4   2     
5.1 Changes to functionality of the app   3   2 1   1     
5.2 Ideas for the app 4 5 2 5 4 1 4 1 4 
6.1 Educating others       1     1   2 
6.2 Intervention dosage   4   1 2   1   1 


