FAIRER-DTP Project Descriptions ACHA

Background:

FAIRER-DTP will focus, like the ACHA, on applied health research, responding to the needs of our local
population and health and care system and seeking implementable solutions.

In line with the principles of ACHA, we intend to embed three non-clinical PhD studentships in a vibrant
community of applied health researchers, clinicians and health professionals and local people.

The six potential doctoral research projects were developed in line with the community priorities
identified during ACHA'’s recent engagement work. Through a series of events and surveys, we asked
local people and hospital patients about their concerns, priorities, and pressing clinical questions
regarding healthy ageing. This approach ensures our research listens to, involves, and addresses the
needs of our local community.

The following word clouds summarise the responses (sized according to prevalence).
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Research Projects detailed in this document:

1. Behaviour change to improve cognitive wellbeing in older people from Page 2
underserved groups with Mild Cognitive Impairment.

Contact: Dr Megan Armstrong

2. Understanding inequalities in delirium identification to improve care and Page 3
patient outcomes.

Contact: Professor Liz Sampson

3. Designing an inequalities focussed digital health intervention for healthy Page 5
ageing.

Contact: Dr Jamie Ross

4. Development of a rehabilitation intervention to reduce concerns about falls Page 7
among carers of older adults with cognitive impairment and fracture.

Contact: Professor Katie Sheehan

5. The Influence of Multigenerational Housing on Healthcare Use for Persons Page 8
Living with Dementia.

Contact: Professor Claudia Cooper

6. Monitoring of fracture repair in older people to optimise recovery. Page 10

Contact: Professor Jerry Tsang



https://www.qmul.ac.uk/wiph/people/profiles/armstrong-megan.html
mailto:elizabeth.sampson@nhs.net
https://www.qmul.ac.uk/wiph/people/profiles/jamie-ross-.html
https://www.qmul.ac.uk/blizard/all-staff/profiles/katie-sheehan.html
https://www.qmul.ac.uk/wiph/people/profiles/cooper-claudia.html
mailto:jtsang@ed.ac.uk
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PROJECT 1: Behaviour change to improve cognitive wellbeing in older people
from underserved groups with Mild Cognitive Impairment

Background: NHS England’s Well Pathway for Dementia, and other national initiatives, stress the
importance of prioritising the prevention of dementia (1). According to the Lancet Commission on
Dementia Prevention, Intervention, and Care, around 40% of dementia is attributable to twelve risk
factors (education, midlife hypertension, midlife obesity, hearing loss, late-life depression, diabetes,
physical inactivity, smoking, and social isolation) (2). Delaying Alzheimer's disease onset by a year
would reduce the number of cases in 2050 by 11% worldwide (3). The NIHR/ESRC APPLE-Tree
(ES/S010408/1) trial has designed and tested a secondary dementia prevention programme using
behaviour change to slow cognitive decline, for people aged 60+, with Mild Cognitive Impairment
(MCI). We purposively recruited deprived and minority ethnic older people, because they have higher
rates of dementia risk factors and dementia but receive less preventative care (4,5). Emerging results
from APPLE-Tree show that it was acceptable to most participants (85% adherence) and led to
behaviour changes. However, risk reduction strategies must be demonstrated in underserved groups
(e.g., people experiencing socioeconomic deprivation and ethnic minority groups) and the common
factors associated with these groups explored (e.g., the role of intersectionality, culture, and multiple
long-term conditions plays in making and sustaining behaviour change).

Aim: To explore the key factors that underlie positive behaviour and lifestyle changes that improve
cognitive wellbeing in people from underserved groups using mixed methods.

Objectives: (1) Explore previous evidence of effective behaviour change techniques that slow
cognitive

decline in underserved groups; (2) explore barriers and facilitators to successful implementation of
cognitive wellbeing behaviour change techniques in underserved groups; (3) examine what factors
determine how underserved groups might benefit from a behaviour change intervention (i.e., the
APPLETree programme) and factors that mediate and moderate these associations.

1. Systematic review (objective 1)

Procedure: The student will conduct a mixed methods systematic review to identify behaviour change
interventions and techniques, including the barriers and facilitators, for cognitive wellbeing in older
people and whether these differ for underserved groups. Analysis: a thematic synthesis of the
qualitative

data will be conducted and a meta-analysis or narrative synthesis of the quantitative data.

2. Qualitative study (objective 2)

Procedure: Semi-structured one-to-one interviews with 20 APPLE-Tree participants from underserved
groups, based in East London, will be conducted, including those who had a slower rate of cognitive
decline and those who did not following the behaviour change intervention. The topic guides will be
structured around a socioecological model considering the individual, community, and system levels.
Analysis: A thematic analysis will be conducted.

3. Quantitative study (objective 3)

Procedure: Secondary data analysis of 748 APPLE-Tree participants to assess how belonging to
different underserved groups and commonly associated factors is associated with intervention response
both immediately after and in subsequent follow-up periods. Analysis: A series of linear mixed effects
models with cognition and loneliness as co-primary outcomes and 3-way interactions (i.e., treatment-
group-bytime-by-underserved-group). Structural equation modelling will be used to explore mediators
and moderators, which will be based on social determinates and behaviour change theories.
Dissemination: The student will be embedded within NIHR Dementia and Neurodegeneration Policy
Research Unit and supported to disseminate findings to policymakers; they will join the Prevention
theme of DeNPRU-QM as an ECR member. They will also be encouraged to publish their findings in
peerreviewed journals and present them at conferences through oral and poster presentations.

PPI: The APPLE-Tree PPI group guided these aims and objectives. PPI members will be offered
coauthorships and training (through DeNPRU-QM or ACHA) to develop the skills, knowledge, and
confidence they need to fully participate.

References: 1. Dementia: applying All Our Health. 2. The Lancet. 2020 Aug 8; 3. Alzheimers Dement J
Alzheimers Assoc. 2007 Jul;3(3):186-91.; 4. Clin Epidemiol. 2018 Aug 8;10:949-60; 5. Am J Prev
Med. 2023 May;64(5):621-30; 6. J Epidemiol Community Health. 2006 Oct;60(10):854-7.
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PROJECT 2: Understanding inequalities in delirium identification to improve
care and patient outcomes

Background: Delirium is an acute neuropsychiatric syndrome affecting over 50% of general hospital
patients over 65 years old. It is characterised by acute onset and fluctuating course of disturbed
attention, consciousness, orientation, memory, arousal, behaviour, altered perception and sleep
cycle. It is associated with numerous poor outcomes; distress to patients, carers and staff, longer
hospital stays, falls, pneumonia, pressures sores, future dementia, mortality, increased care home
admission and significant increased costs for hospitals and social carel.

Rationale: Delirium detection is essential to improve outcomes. Diagnosis gives access to specialist
care, supporting communication with patients and relatives. Delirium screening using the 4-AT (a
three minute verbal beside test)2 is mandated for all those 75 years and above admitted to English
hospitals, but implementation is patchy2. There is limited USA evidence that people from ethnic
minorities or deprived areas are less likely to have delirium screening or receive proper treatmentl.
Aims: We will use Barts health data to examine the impact of inequalities, particularly ethnicity and
deprivation on delirium screening across the trust. We will use qualitative techniques to explore the
understanding of delirium in patients and staff and develop pragmatic actions to improve care3.

Objectives

1) Conduct a scoping review of any literature around delirium and inequalities and how these impact
on patient, carer and service-level outcomes.

2) Explore delirium detection and coding prevalence and the impact of inequalities across Barts Health
3) Understand barriers and facilitators to delirium screening in disadvantaged groups and how this
could be improved in practice across Barts Health.

PPIE: This submission has developed from our DeNPRU-QM PPIE group. The student will work with
two PPIE members from project initiation. They will advise the student on all aspects of their research,
comment on patient facing materials, interpret findings through their lived experience and inform
intervention development. The student will learn to reflect on and evaluate PPIE input into their work.

Potential methods: These are flexible and the student will be supported to adapt study questions
as knowledge and their thinking develops.

Scoping review: guided by Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for scoping reviews, will inform the data analysis plan and qualitative work.

Data study: Clinical and demographic data, from Barts Health Cerner Millennium Electronic Medical
Record (EMR) data warehouse. Main outcome will be completion of the 4-AT delirium screening tool:
a mandatory pop-up window when an older person is admitted to hospital. Data suggest over 1000
patients should be screened/month. Exposures of interest informed by the scoping review include
ethnicity, defined using NHS ethnic category codes and relative measures of socioeconomic
deprivation using national Index of Multiple Deprivation (IMD) quintiles. Initial analyses will describe
and explore 4-AT data, including prevalence of missing items and then the documentation of a correct
Barts Trust delirium code. Potential hypotheses that could be modelled and tested include whether
particular 4-AT items are more commonly missed, and delirium under-coded in people from ethnic
minorities and if there is an interaction between ethnicity and socioeconomic status driving lower
levels of delirium screening.

Qualitative interviews: Semi-structured interviews (topic guide developed from scoping review)
with purposive sample of people from groups identified in the health data study (interpreters used
where necessary). Staff will be purposively sampled for a range of roles, i.e. junior doctors, nursing
staff. This gives contextual understanding of key barriers and facilities to delirium screening. There
is potential for the student to explore understanding of delirium in our local ethnic minority groups.

Key deliverables
1) Academic papers from scoping, health data and qualitative interviews.
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2) Understanding of inequalities in delirium across Barts Health, first European study of this issue.

3) Practical and measurable methods to improve delirium screening across Bart Health.

4) Capacity building- ACHA PhD student with experience of embedded PPIE, skilled in mixed methods
health service research, ready for competitive post-doctoral fellowship bid.

Supervisory team: highly experienced supervisory team (>15 completed PhD students). Delirium

health data research, links to international networks i.e. European Delirium Association (Sampson)4.
Mixed method research, health inequalities (Armstrong). Understanding ethnicity, geography, place,
leadership in PPIE (Kenten). Qualitative research and pragmatic intervention development (Davies).

References: 1Wilson et al. 2020, doi: 10.1038/s41572-020-00223-4, 2Penfold et al. 2024,
doi.org/10.1111/jgs.18751,

3Bauernfreund et al. 2018, 10.1136/bmjoq-2017-000200, 4 Bauernfreund et al. 2023 doi:
10.1111/acps.13480



FAIRER-DTP Project Descriptions ACHA

PROJECT 3: Designing an inequalities focussed digital health intervention for
healthy ageing

The world's population is aging rapidly, with the number of people aged 60 and older expected to
double by 2050 (1). This demographic shift brings both challenges and opportunities for supporting the
health and well-being of older adults. . As lifespans increase, older adults face higher risks of
conditions like heart disease, cancer, diabetes, arthritis, dementia and loss of functional independence
(2). Digital health interventions (DHIs) like telemedicine, remote patient monitoring, and mobile health
apps could help address aging challenges if designed accessibly and widely adopted (3). Studies show
DHIs can improve chronic disease management, facilitate preventive care, promote aging in place and
support older adults' mental health (4-7). However, disparities in technology adoption among older
populations persist, influenced by racial, socioeconomic, and geographical factors (8, 9). Digital
inequalities and health have been highlighted in recent government publications, including a plan for
digital health and social care in England (10), guidance to commissioners and health care providers on
digital inclusion (11) and recommendations on how future digital health approaches can address ethnic
inequalities in healthcare (12) as well as by other high profile organisations (13, 14). Evidence
suggests that early consideration of inequalities in the development of DHIs, and a focus on
implementation is important. For example, early and meaningful engagement of Public and Patient
Involvement, using co-production approaches (15) and culturally competent user-centred design can
promote the uptake, use, and benefit of digital health approaches (15, 16).

The overall aim of the PhD will be to design a prototype intervention (or make an appropriate
adaptation to an existing intervention) designed to support healthy ageing and engage users at risk of
digital and health inequalities. A Core20plus approach (17) focusing the intervention design on
populations living with social deprivation and an intersectional lens to include other identities that may
contribute to inequalities including age, ethnicity and gender will be taken.

Specific objectives and methods include: 1) Scoping review of the the current evidence base on DHIs
for healthy ageing and to understand how inequalities might be addressed. This review may also lead
to the identification of existing interventiOns that could be adapted 2) Qualitative interview study with
underserved groups and key NHS and social care stakeholders to understand the wants and needs of a
healthy aging DHI and how it might be used and implemented in practice 3) Development of a
programme theory for a healthy aging DHI, specifying what works, for whom and in what context,
using principles of co-design and combining findings from studies 1&2. 4) Co-design a prototype
intervention with service users.

PPI: JR is the SPCR PPI lead and will identity members from underserved groups to shape the PhD and
be involved from beginning to dissemination. PPI members will meet regularly with the student and
receive relevant training and reimbursement to enable them to be involved in each phase of the
research. PPI members will be offered authorship opportunities.

References

1.United Nations DoEaSA. World population ageing 2020. 2020.2.Cosco TD, Prina AM, Perales J,
Stephan BC, Brayne C. Operational definitions of successful aging: a systematic review. International
psychogeriatrics. 2014;26(3):373-81. 3.Lattanzio F, Abbatecola AM, Bevilacqua R, Chiatti C, Corsonello
A, Rossi L, et al. Advanced technology care innovation for older people in Italy: necessity and
opportunity to promote health and wellbeing. Journal of the American medical directors Association.
2014;15(7):457-66. 4.Buyl R, Beogo I, Fobelets M, Deletroz C, Van Landuyt P, Dequanter S, et al. e-
Health interventions for healthy aging: a systematic review. Systematic Reviews. 2020;9(1):128.
5.Han HW, Park SW, Kim DY, Lee BS, Kim D, Jeon N, et al. EHealth Interventions for Older Adults With
Frailty: A Systematic Review. Ann Rehabil Med. 2023;47(5):348-57. 6.Yang W, Zhang X, Chen J, Miao
W, Zheng C, Qian X, et al. Effects of internet-based interventions on improvement of glycemic control
and self-management in older adults with diabetes: Systematic review and meta-analysis. Primary
Care Diabetes. 2022;16(4):475-83.7.Creaney R, Reid L, Currie M. The contribution of healthcare smart
homes to older peoples' wellbeing: A new conceptual framework. Wellbeing, Space and Society.
2021;2:100031. 8.Age UK. Briefing. Facts and figures about digital inclusion and older people.
September 2023. https://www.ageuk.org.uk/globalassets/age-uk/documents/reports-and-
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publications/reportsand-briefings/active-communities/policy-briefing---facts-and-figures-about-digital-
inclusion-and-older-people.pdf; 2023. 9.Kebede AS, Ozolins LL, Holst H, Galvin K. Digital Engagement
of Older Adults: Scoping Review. ] Med Internet Res. 2022;24(12):e40192. 10.Department of Health &
Social Care. Policy paper A plan for digital health and social care
https://www.gov.uk/government/publications/a-plan-fordigital-health-and-social-care/a-plan-for-
digital-health-and-social-care#our-starting-point2022 11.NHS Digital. Who we can work with
https://digital.nhs.uk/about-nhs-digital/corporate-information-and-documents/digital-inclusion/who-to-
work-with2023 12.NHS Race and Health Observatory. Digital apps and reducing ethnic health
inequalities https://nhsrho.org/wp-content/uploads/2023/01/Digital-apps-and-reducing-ethnichealth-
inequalities-January-2023-1.pdf2023 13.The Kings Fund. Moving from exclusion to inclusion in digital
health and care https://www.kingsfund.org.uk/publications/exclusion-inclusion-digital-health-care2023
14.The British Academy Digital Society. Understanding Digital Poverty and Inequality in the UK A
summary of insights from our evidence reports
https://www.thebritishacademy.ac.uk/documents/4427/Understanding_Digital_Poverty_and_Inequality
_in_the_UK_full_report_2.pdf2022 [15.Ramasawmy M, Poole L, Banerjee A. Learning our lesson: using
past policies to improve digital and ethnic inequalities beyond the pandemic. Archives

of Public Health. 2021;79(1):218. 16.Goswami A, Poole L, Thorlu-Bangura Z, Khan N, Hanif W, Khunti
K, et al. The Use of Digital Health Interventions for Cardiometabolic Diseases Among South Asian and
Black Minority Ethnic Groups: Realist Review. J Med Internet Res. 2023;25:e40630.

17.NHS Engalnd. Core20PLUSS5 (adults) — an approach to reducing healthcare inequalities 2024
[Available from:https://www.england.nhs.uk/about/equality/equality-hub/national-healthcare-
inequalities-improvement-programme/core20plus5/.
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PROJECT 4: Development of a rehabilitation intervention to reduce concerns
about falls among carers of older adults with cognitive impairment and
fracture

Background: In the UK, 549,000 fragility fractures occur annually. Many fail to recover
mobility to return to community activities and life roles. This may be due to a focus on
physical recovery during rehabilitation with limited regard for the psychosocial consequences
of fracture.1 Indeed, concerns about falls are common among patients2 and carers following
fracture.3 Concerns may reflect a realistic risk appraisal after fracture and lead to protective
behaviour e.g. removing trip hazards.4 However, for some, concerns lead to ‘maladaptive’
behaviours such as activity restrictions that increase risk.2 Addressing these concerns has
become an emphasis of rehabilitation research. Interventions developed targeting these
concerns after fracture have focused on community-dwelling older adults without cognitive
impairment. There is a need to determine how to address carer concerns

to optimise rehabilitation for older adults with cognitive impairment and fracture.

Aims and objectives: The aim is to develop a rehabilitation intervention to reduce concerns
about falls among carers of older adults with cognitive impairment and fragility fracture. The
objectives are to: 1) Synthesise evidence for support interventions for carers of older adults
with cognitive impairment and a recent fragility fracture undergoing rehabilitation; 2)
Conduct interviews with carers to explore their specific concerns, how they address them, and
what support they would like to overcome them; 3) Conduct focus groups with professionals
to determine the extent they experience carer-concerns about falls, how they address
concerns, or would like to address them; 4) Develop a rehabilitation intervention targeting a
reduction in carer-concerns about falls using consensus methods.

Methods: Objective 1: A scoping review to identify published and grey literature of support
interventions for carers of older adults with cognitive impairment and a recent fragility
fracture undergoing rehabilitation. Data will be synthesised using SWiM methodology with
interventions mapped to the Rehabilitation Treatment Specification System, target outcomes
identified categorised according to the International Classification of Functioning, Disability
and Health framework, and evidence of effectiveness reported by intervention type.
Objective 2: A qualitative semi-structured interview study. Purposive sampling will be used
to recruit up to 20 carers based on underserved characteristics which may influence help
seeking behaviour e.g. deprivation, gender, ethnicity. Inductive thematic analysis will be
informed by the theory of biographical disruption. Communities whose first language is not
English will be supported to take part. Objective 3: A focus group study. Professionals will be
purposively sampled based on professional background, experience, work location and to
ensure ethnic and gender diversity to four focus groups from NHS sites (hospital and
community). Thematic analysis informed by the Theoretical Domains Framework will explore
barriers and facilitators to future intervention implementation. Objective 4: Carers,
professionals, and researchers will support intervention development with Nominal Group
Technique in two workshops with a survey between. Translation will be supported.

PPI: PPI activity will inform design, delivery, and interpretation at each step. The
Fellow will be supported to bring together a PPI group of carers from across North
East London through infrastructure at ACHA, the BRC, and the Bone & Joint Health
Public Advisory Group. PPI members will be reimbursed in line with best practice.

References: 1.doi:10.1007/s11657-021-00963-0,2.doi:10.1186/s12877-023-
03855-9,;3.d0i:10.11622/smedj.2019142,;4.10.1093/ageing/afad093.
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PROJECT 5: The Influence of Multigenerational Housing on Healthcare Use for Persons Livin
with Dementia

BACKGROUND: Health and social care services often struggle to identify how best to optimise limited
resources to improve care for growing numbers of PLwD [1]. Growing numbers of people, including
PLwD, are now living in multigenerational homes [2]. Social contact has been established as a
protective factor for cognitive decline, and older adults may display mental health benefits with MGL
[3]. For PLwD housing arrangements may also impact access to care. Deteriorations in the health of
PLwD may be noticed earlier by younger relatives [4], and younger individuals may be better able to
navigate complex health-service structures and digital technology, enabling PLwD to access elective
services and remain at home for longer. Conversely, carer-burden can also generate negative health
outcomes for both PLwD and their carers [5]. Currently little is understood on the impact of the
increasing trend for MGL on access to healthcare and subsequent outcomes for PLwD. We hypothesise
MGL will increase attendance of PLwD at planned healthcare services, and reduce unplanned healthcare
presentations and social care service use.

OBJECTIVES: 1. Quantify whether, for PLwD, MGL is associated with changes in the use of
emergency and non-emergency health and social care, and time to residential placement. 2. Determine
whether relationships between care use and MGL (identified in objective one) are altered when
stratifying for ethnicity. 3. Qualitatively explore how PLwD access services while in MGL households.
METHODOLOGY: Mixed methods study; (1) retrospective cohort study utilising health and social
care data from the Care City dataset, (2) qualitative analysis of semi-structured PLwD/carer interviews.
Population: Individuals enrolled in the Care City Cohort. Any household with at least one resident

age =65 with a diagnosis of dementia and at least three years of follow up data available between
2010-2018 (pre-pandemic). Entry into study at point of dementia diagnosis. Individuals in
nursing/residential care for duration of study excluded. We estimate there are currently over 7000
PLwD in this dataset.

Quantitative analysis plan: Retrospective cohort analysis using multivariable regression models with
time-varying covariates. Primary analysis of a single exposure measure, and multiple service use
outcomes (for health and social care). Secondary analysis will stratify by major ethnic groups, to
determine if ethnicity impacts associations with service use. Sensitivity analyses performed to omit
PLwD whose MGL exposure alters during the study period. Finally, time to placement used as outcome
metric on subgroup of PLwD who move into residential/nursing care during the study period.
Exposure: Living in a multigenerational household, defined as two or more individuals with an age gap
of =220 years within the same residential address during the studied period.

Outcomes: We will analyse associations with the following outcomes; contacts with general
practitioner, contacts with mental health service providers, contacts with emergency services including
unplanned admission (HES), and overall contact with healthcare providers (a sum measure of the
preceding components). We will also analyse social care including use of home care packages, receipt
of carers allowance, and use of residential or nursing care (as an endpoint).

Covariables: Adjustments for age, sex, index of multiple deprivation (individual and practice level),
ethnicity, number of residents per household, frailty (using electronic frailty index), polypharmacy,
comorbidity count, and receipt of social services at baseline.

Qualitative analysis plan: Purposive recruitment of 10-15 multigenerational East London families with
PLwD in household, focusing on minoritised groups. Semi-structured interviews on rationale for care
choices conducted with both PLwD (able to provide informed consent) and their carers. Translation
services utilised to maximise inclusion. Reflexive thematic analytic methods to analyse qualitative data.
Data from quant and qual phases integrated at interpretation stage using mixed methods approaches.
Consent: Consent for patient data stored in the Care City Data set has already been obtained. PLwD
and carers involved in our qualitative study will be independently consented prior to interview.

Patient and Public Involvement and Engagement (PPIE): Utilising ACHA’s integrated working PPIE
group, we have access to diverse representative sample of adults living within North East London. The
panel will be actively involved in appraising the lay summary of all protocols, and amendments to
study design will be made according to feedback. A lay summary of all results will be produced and
presented to the panel, who will be actively involved in the dissemination strategy.

Additional Funding: NHS costs will be supported via Barts Health and/or the Local Clinical Research
Network. Data access and management costs will be supported by Care City Innovation C.I.C.
REFERENCES: 1. Wang C, Song P, Niu Y. The management of dementia worldwide: A review on
policy practices, clinical guidelines, end-of-life care, and challenge along with aging population. Biosci
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Academic Centre for Healthy Ageing

Trends. 2022 May 17;16(2):119-29.

2. Burgess G, Muir K. The Increase in Multigenerational Households in the UK: The Motivations

for and Experiences of Multigenerational Living. Housing, Theory and Society. 2019;37(3):322-38.

3. Ng CF, Northcott HC. Living arrangements and loneliness of South Asian immigrant seniors in
Edmonton, Canada. Ageing and Society. 2013;35(3):552-75.

4. Burton A, Rapaport P, Palomo M, Lord K, Budgett J, Barber J, et al. Clinical and costeffectiveness
of a New psychosocial intervention to support Independence in Dementia (NIDUS-family) for family
carers and people living with dementia in their own homes: a randomised controlled trial.

Trials. 2021 Dec 2;22(1):865.

5. Vaingankar JA, Chong SA, Abdin E, Picco L, Jeyagurunathan A, Zhang Y, et al. Care participation and
burden among informal caregivers of older adults with care needs and associations with dementia. Int
Psychogeriatr. 2016 Feb;28(2):221-31.
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PROJECT 6: Monitoring of fracture repair in older people to optimise recover

Immobility has been shown to be an independent risk factor for patient morbidity (including impaired
fracture healing), health-care utilisation, disability, and mortality. The primary aim of treatment lower
limb fragility fractures is to facilitate early mobilisation and rehabilitation in order to avoid these
undesired sequelae. There are currently no reliable methods for monitoring fracture healing until the
fracture non-union has “declared” itself. This "forgotten phase" of fracture healing is detrimental in
the elderly in whom ongoing immobility is associated with significant morbidity and even mortality.
The ability to identify impaired fracture healing at an early stage would allow timely intervention using
current treatment strategies to rescue fracture healing, reducing this lost period of impaired mobility
and its associated sequelae. This project proposes using a multimodal approach to monitor fracture
healing in a cohort of patients undergoing treatment for lower limb fragility fractures.

Whole blood transcriptomic profiling. Serum biomarkers in the monitoring of fracture healing
remain elusive. Candidate serum biomarkers such as collagen X? and microRNA3 have shown promise
in early pre-clinical studies. Fracture healing is a complex inflammatory-mediated cellular process.
Whole blood gene expression analysis has been used to identify gene expression signatures of
similarly complex inflammatory and immune-mediated cellular processes such as sepsis*. It is
plausible that there is a whole blood signature in fracture healing that could be utilised as molecular
biomarkers for monitoring its progression. There have been no studies investigating the circulating
transcriptomic profiles of patients undergoing fracture healing. This proposed study hypothesises that
whole blood gene expression profiling can be used to identify those patients experiencing impaired
fracture healing.

Quantitative ultrasound. Although the use of ultrasound is widely used in the diagnosis of
musculoskeletal conditions, it has not been widely adopted in fracture care. However its ability to
detect early radiologically-covert callus holds great promise for monitoring fracture healing. Its
diagnostic value in the prediction of fracture non-unions has been demonstrated in small clinical pilot
studies in the upper limb but not in lower limb injuries>.

Implantable strain gauge. Measurement of fracture stiffness has been demonstrated as a valid
outcome measure for the maturity of the repair tissue but such monitoring has been restricted to
pre-clinical applications. However recently, a novel implantable fracture monitoring device has been
designed and is currently undergoing phase I evaluation. It consists of an implantable sensor that is
attached to conventional fracture fixation plates and continuously measures implant load during
physiological weight bearing. Data is recorded and processed in real-time on the implant, from where
it is wirelessly transmitted to a cloud application via a smartphone®. This study will seek to continue
its evaluation as a clinical adjunct in the monitoring of fracture healing.

Wearable activity trackers. The use of wearable sensors to track activity is growing in popularity.
A recent survey of orthopaedic surgeons found that 20% respondents already use wearable
technology in their clinical practice to assess patient activity levels’. However there are have been no
studies validating their use in the monitoring of fracture healing and patient recovery. This proposed
study aims to validate the use of an in-house research-specific proprietary activity-monitoring
smartphone application in lower limb trauma patients. It is hypothesised that phenotyping of
functional activity will permit the early identification of patients experiencing impaired fracture
healing. In addition, validation of this smartphone application in the assessment of post-traumatic
rehabilitation creates a research model for future evaluations of interventions aimed at improving
mobility in the frail and elderly.

Impact and next steps This proposed PhD project aims to identify molecular, radiological,
mechanical, and functional phenotypes at risk of impaired fracture healing following lower limb
fragility fractures to optimise mobility. Furthermore, qualitative assessments will be made on the
impact these prospective investigational modalities have on patient and carer experiences during
their treatment journey. The information generated from this project will be used to inform on the
suitability and/or design of a phase III clinical trial to compare their potential efficacy against current
practice. These technologies have the potential to improve patient experiences by reducing the
“forgotten phase” of fracture healing and expediting recovery; not only following lower limb fragility

10
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fractures but all extremity trauma.
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