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ABSTRACT

Background: Oral mucositis is a common and debilitating side effect of childhood cancer and stem cell transplant treatments. It
affects the quality of life of children and young people (CYP) and places a strain on services. Photobiomodulation is recommended
for oral mucositis prevention in international guidance but is poorly implemented in UK Principal Treatment Centres (PTCs). Our
study explored the key barriers and facilitators to implementing photobiomodulation into standard care.

Methods: CYP, their parents, and healthcare professionals (HCPs) were purposively sampled for diversity in theoretically
important characteristics: stage of adoption of PTC, professional role (HCPs), age (CYP), and photobiomodulation modality. Initial
deductive framework analysis on semi-structured interview data was guided by the Consolidated Framework for Implementation
Research (CFIR). Qualitative summaries were then inductively generated, articulating the valence of influence and effect.
Overarching themes were developed and refined in collaboration with patient involvement groups.

Results: Twenty-seven participants were interviewed: 18 HCPs from 11 diverse PTCs, 1 industry representative, and 4 CYP/Parent
dyads. Participants had experience with low-level laser (n = 15) and light-emitting diode (LED) (n = 13) systems. Perceived barriers
and facilitators varied between PTCs, participant groups, and photobiomodulation systems. Five themes were developed: (1)
framing photobiomodulation as essential to routine care in busy cancer services; (2) photobiomodulation as simple, proactive,
and rewarding; (3) need for navigable, interconnected, multiprofessional networks to support implementation; (4) balancing
individualisation of services with the need for guidance and standardisation; and (5) increasing implementation of LED systems,
with fewer barriers, over time.

Conclusion: Implementing photobiomodulation in paediatric oncology depends less on its clinical evidence and more on the local
conditions that enable reliable delivery. This study highlights the importance of aligning service structures, workforce capacity,
and professional networks to ‘embed’ photobiomodulation as routine care. Theory-informed implementation strategies can reduce
current inequities in access and provide a transferable model for introducing other evidence-based supportive care interventions.

Abbreviations: CFIR, Consolidated Framework for Implementation Research; CYP, Children and young people; ERIC, Expert Recommendations for Implementing Change; HCPs, Healthcare
professionals; HSCT, Haematopoietic stem cell transplant; LED, Light-emitting diode; NHS, National Health Service; PP, Patient and Public Involvement; PTC, Principal Treatment Centre.

Submitted for presentation at the International Association of Dental Research 104th General Session, 25-28th March 2026, ‘Increasing availability of photobiomodulation for children through
implementation science’.
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1 | Introduction

Oral mucositis is a common complication of cancer and
haematopoietic stem cell transplant (HSCT) treatment, affecting
over half of all children and young people (CYP) receiving
chemotherapy [1]. Severe cases substantially reduce quality of
life, limiting eating, drinking, swallowing, communication, and
sleep [2]. These effects disrupt children’s sense of normality and
add pressure to healthcare services managing pain, nutrition, and
unplanned admissions [3-5].

Photobiomodulation (PBM) - the application of low-power vis-
ible red or near-infrared light to stimulate tissue repair [6]
- can prevent oral mucositis. Delivered using low-level laser
or light-emitting diode (LED) systems during chemotherapy,
PBM halves the incidence of severe oral mucositis [7, 8]. Con-
sequently, international supportive care guidance recommends
prophylactic PBM for CYP undergoing HSCT or at high risk of
mucositis [9, 10].

Earlier concerns about the acceptability of PBM to CYP [9]
have been challenged by recent qualitative work showing it to
be well tolerated, child-friendly, and viewed as effective and
of low opportunity cost [11]. Despite strong evidence of effect
and positive perceptions, PBM remains poorly implemented
across UK paediatric cancer services [12]. Early studies highlight
limited skills and knowledge in PBM and its delivery, and
uncertainty surrounding professional roles and responsibilities
[12]. In addition, implementation leads at early adopting sites
were commonly dental clinicians, who are not embedded into the
work infrastructure of the majority of children’s cancer services.

Although use of PBM is gradually increasing, adoption
remains confined largely to major cancer centres, creating
geographic inequities and the risk of widening health disparities.
Implementation science provides a framework for understanding
and addressing such gaps by examining how context, behaviour,
and organisational factors influence uptake of evidence-based
care [13].

This study applies a determinant framework grounded in imple-
mentation science to identify key influences on PBM adoption
across Principal Treatment Centres (PTCs) in the United King-
dom and Ireland. By analysing how and why implementation suc-
ceeds or stalls in different contexts, we aim to inform the develop-
ment of transferable, theory-driven strategies for wider adoption
and sustainable integration into paediatric supportive care [14].

2 | Methods
2.1 | Study Design

This qualitative study used semi-structured interviews with
healthcare professionals (HCPs), CYP with cancer, and their par-
ents. Reporting follows the Consolidated Criteria for Reporting
Qualitative Studies (COREQ) [15]. Ethical approval was granted
by the NHS Health Research Authority (24/YH/0080), with the
University of Leeds as sponsor. This qualitative study represents
the first research phase of the National Institute for Health and
Care Research (NTHR) funded SPOT-LITE study, which aims to

increase the uptake of PBM in UK paediatric cancer and stem cell
transplant centres (ISRCTN12589862).

2.2 | Patient and Public Involvement

Children with cancer and their families were involved through-
out, with matched funding and support provided by Candle-
lighters Children’s Cancer Charity (Registered Charity 1045077).
They contributed to research prioritisation and design of partic-
ipant information materials at the grant application stage and
later supported analysis and refinement of themes following
qualitative methods training. Findings will be shared through the
Candlelighters Supportive Care Research Centre at the University
of York, family networks, and future involvement meetings.

2.3 | Setting

Interviews were conducted online or at the Candlelighters family
support centre. Participants were drawn from 21 PTCs for child-
hood cancer in the United Kingdom and Ireland [16], reflecting
either provider (healthcare professional) or patient/family per-
spectives. These services are commissioned nationally, at the level
of the devolved nations for the United Kingdom.

2.4 | Participants and Sampling

Sampling was theoretically informed to capture determinants
of implementation. Rogers theorised adoption to follow an S-
shaped curve when mapping the proportion of intervention
adoption in a given setting and time elapsed [17]. PTCs were
therefore mapped against this curve, and the centre PBM adop-
tion stage was categorised as early adopter, early majority, or
peri-implementation.

Eligible professionals included those involved in PBM implemen-
tation or delivery, and wider NHS stakeholders (e.g., commission-
ers and industry partners). Purposive sampling sought variation
by PTC adoption stage, geography, professional role, and PBM
system experience (LED or low-level laser). Professionals were
recruited via email and snowball sampling. Non-adopting PTCs,
with no plans to establish PBM services, were excluded from
sampling as professionals at these centres were unlikely to be
able to meaningfully engage with implementation theory-driven
interviews on highly specific subject matter, and would yield data
of low information power [18].

Families were recruited through regional charity networks in
Leeds, Edinburgh, and Sheffield. Sampling aimed for diversity
in child age, cancer diagnosis, and PBM experience. Inclusion
criteria were CYP aged 6-17 years old with sufficient English
proficiency to participate meaningfully in qualitative interviews
[3,11].

All participants received a £25 voucher in recognition of their
contribution. Recruitment and analysis proceeded concurrently
until information power was achieved [18]. Given the narrow
study focus and theoretically informed sampling, the anticipated
sample size was 15-20 professionals and 4-5 CYP/parent dyads
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to meet this criterion. This was supported by previous experi-
ences in conducting qualitative research regarding PBM in this
population, and the number of participants required to reach
information power in these studies [3, 11].

2.5 | Data Collection and Analysis
2.5.1 | Theoretical Frameworks

The updated Consolidated Framework for Implementation
Research (CFIR 2.0) provided the theoretical foundation for study
design and analysis [19]. Derived from 19 established implementa-
tion models [20] and refined through systematic review and user
feedback, the CFIR comprises 48 constructs within five domains:
innovation characteristics, outer setting, inner setting, roles and
characteristics of individuals, and implementation processes. The
CFIR provides a theoretical lens through which to examine
barriers and facilitators to the adoption of interventions.

Expert Recommendations for Implementing Change (ERIC) have
been mapped to CFIR constructs in a consensus study, aiming
to guide clinicians to evidence-based strategies most likely to
overcome identified implementation barriers in their context [21].
This provides a research-driven approach to the identification and
navigation of contextual barriers.

Topic guides were developed from the updated CFIR and
literature review, then iteratively refined as analysis progressed.

2.6 | Data Collection

Interview schedules for HCPs explored implementation experi-
ences, service organisation, and contextual barriers and facil-
itators. Probes were phrased in concrete terms for PTCs with
an established service and in speculative terms for those
in peri-implementation sites. For CYP-parent dyads, inter-
views focused on experiences of receiving PBM, perceptions
of the intervention, and its integration within standard care
pathways.

Semi-structured interviews were conducted either online, or
face-to-face at the University of Leeds (professionals) or the
Candlelighters family support centre (families). Two researchers
(CH, a paediatric dentistry clinical academic, and BP, a senior
paediatric oncology clinical academic) jointly conducted CYP-
parent interviews to ensure safeguarding. Professional interviews
were conducted by CH alone to minimise hierarchical bias.

CYP were interviewed alongside parents to enable shared
reflection and support understanding. A safeguarding protocol
with escalation and signposting procedures was in place. Families
had experience with either LED or laser PBM systems; the
alternative system was described using standardised information
and clinical images.

Demographic information relevant to purposive sampling was
recorded. All interviews were audio-recorded, professionally
transcribed, and verified for accuracy by the lead researcher. Field
notes were integrated into the analysis.

2.7 | Data Analysis

Analysis followed a hybrid deductive-inductive approach using
CFIR 2.0 [19] within NVivo (NVivo 15.1.1, Lumivero) to support
data management and coding. Data were coded line-by-line to
CFIR constructs, and within-construct summaries were devel-
oped through constant comparison. Overarching themes were
then inductively generated across domains. This approach sup-
ported the application of established theory whilst allowing for
novel insights to be generated from the data. Each construct was
assigned a valence rating to denote its direction and strength of
influence on implementation (e.g., ++ strong facilitator; — weak
barrier; +/- bidirectional), in line with CFIR recommendations
for qualitative analysis [22]. Ratings were determined by the lead
researcher based on influence, frequency, feasibility, data source,
and patient-public input.

Interpretation and boundary definition of CFIR domains
were reviewed collaboratively with an experienced qualitative
researcher (KG-B). No repeat interviews or member checking
were undertaken to avoid post hoc reinterpretation. Patient and
public involvement (PPI) contributors, trained in qualitative
methods, participated in interpretation and theme refinement.

2.8 | Mapping to Implementation Strategies

All identified barriers — regardless of strength or valence — were
mapped to the ERIC framework [21]. For each CFIR construct,
the three most applicable ERIC strategies were reviewed, with
one best-fit strategy selected. Where novel CFIR 2.0 constructs
(not mapped to ERIC strategies by Waltz et al.) were identified,
corresponding strategies were chosen from the broader ERIC
compilation to maintain theoretical alignment.

3 | Results
3.1 | Participants

Data collection took place between July and October 2024.
Thirty-one HCPs were approached, and five CYP-parent dyads
expressed interest in participation. Nineteen professionals and
four dyads completed interviews; one family withdrew due to
treatment-related illness.

Participants represented diverse professional roles, treatment
centres, and experience with both laser and LED PBM systems.
Demographic and sampling characteristics for all 27 participants
are shown in Figure 1.

Recruitment of families came with challenges. Several expres-
sions of interest were found to contain inaccurate or implausible
information, such as rare cancer diagnoses not prevalent in
paediatric settings, or reported use of PBM at centres without a
service. These cases were excluded as non-genuine participants
following verification to ensure data validity and participant
authenticity [23].

Professionals worked in 11 different PTCs, with different clinical
populations and service structures, and stages of PBM (see
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| Professionals |

Families

Invited/Approached

31

12 Parents

e Referred a colleague to research team (n=2)
e Failed to respond to follow-up (n=10)

e Cancelled due to treatment related sickness (n=1)
e Non-genuine participants (n=7)

[ Not Consented for Interview

W N S—

Completed Interview 19 | | 4 CYP/Parent dyads (n=8 participants)
/ \ Gender
Gender Parents - Female: 100% (n=4)

Participant Demographics

L /

Female: 63% (n=12); Male: 37% (n=7)

Age
Median: 43 years; Range: 29-70 years

Ethnicity
White British (n=14); White Irish (n=2); Asian British
(n=1); Black Caribbean (n=1); Chinese (n=1)

Professional Role
Advanced Clinical Practitioner (n=6); Consultant
Paediatric Dentist (n=6); Consultant Paediatric
Oncologist (n=4); Senior Nursing Staff (n=2);
Photobiomodulation Industry Representative (n=1)

Photobiomodulation Experience
Median: 24 months; Range: 0-156 months
Delivery: Daily (n=2), Multiple times per week (n=7);
Weekly (n=5), < Monthly (n=1), Never (p-
implementation sites) (n=3)

CYP - Male: 75% (n=3); Non-binary 25% (n=1)

Age
Parents - Median: 38.5 years; Range: 36-42 years
CYP - Median 11.5 years; Range 6-16 years

Ethnicity
Parents — White British (n=3); White Polish (n=1)
CYP - White British (n=4)

Cancer diagnosis
Leukaemias (n=2); Lymphoma (n=1); Sarcoma (n=1)

Principal Treatment Centre
Leeds Children’s Hospital (n=2); Edinburgh Royal Hospital for
Children and Young People (n=1); Sheffield Children’s
Hospital (n=1)

Photobiomodulation Experience
Median: 4 months; Range: 3-5 months
System: LED (n=2 dyads); low-level laser (n=2 dyads)

-

Interview Details

N

Face-to-face (n=1); Online (n=18)
Mean: 51 minutes; Range 33-75 minutes

Face-to-face (n=1 dyad); Online (n=3 dyads)
Mean: 57 minutes; Range 49-69 minutes

FIGURE 1 | Recruitment flow for semi-structured interviews, participant characteristics, and interview duration for each participant group.

Table 1). One industry representative had experience of both LED
and low-level laser systems, through their role in supporting
national and international PBM implementation.

Dentists frequently led implementation of PBM services. Where
dentists were absent (n = 2 centres) or present but not involved
in PBM adoption (n = 2 centres), implementation leads were
most frequently Advanced Clinical Practitioners within the
Haematology/Oncology team, with support from a wider
implementation team.

3.2 | Qualitative Analysis

Figure 2 summarises CFIR domains and constructs demonstrat-
ing a strong influence on implementation. The Inner Setting and
Characteristics of Individuals emerged as the most influential
domains. Inherent Innovation Characteristics of PBM acted as
strong facilitators, reinforced by professional and organisational
connections within the Outer Setting. In contrast, Implementation
Processes varied markedly between PTCs, shaping both the pace
and fidelity of adoption.

Five themes were developed from 128 qualitative summaries
representing the critical determinants of PBM implementation.
Themes are explored below, with highly influential determinants
discussed in the text and CFIR constructs highlighted in italic
typeface and valence in square brackets.

4 | Theme 1. Framing PBM as Essential Within
Routine Care in Busy Cancer Services

Data within this theme are primarily related to the Inner Setting
and Characteristics of Individuals domains. Key determinants and
illustrative data are summarised in Table 2.

4.1 | Inner and Outer Settings

Oral mucositis was a salient concern for all participant groups,
with few effective treatment alternatives. This generated a
strong tension for change [++] and clear mission alignment
[++] with PTCs’ aims to deliver ‘kinder treatments’ In the
Outer Setting, positive local attitudes [+] and financing [++]
- particularly through charitable funding aligned with quality-
of-life improvements - further supported adoption. However,
supportive care interventions were generally afforded a lower
relative priority [——] than curative treatments within local service
agendas.

Participants identified both direct and indirect incentive systems
[++], including reduced clinical burden from managing severe
mucositis and opportunities to reinforce oral health promotion.
Yet these potential gains were constrained by limited available
resources [——], particularly shortages of PBM trained staff, which
was identified as the most significant barrier to implementation
fidelity.
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TABLE 1 | Characteristics of included PTCs.

Dental team

Participants implementation
Site (n=27) PBM type Location Recipient groups involvement
Early adopters (n = 3 PTCs)
A 3 HCPs LLLT Scotland Oncology Yes (implementation lead)
1 CYP/parent dyad
B 2 HCPs LLLT Scotland Oncology and HSCT Yes (implementation lead)
C 1HCP LLLT Republic of Ireland ~ Oncology and HSCT Yes (implementation lead)
Early Majority (n = 5 PTCs)
D 1HCP LED Northern England Oncology No (available in PTC)
E 3 HCPs LED Northern England Oncology and HSCT Yes (implementation lead)
2 CYP/parent dyads
F 1HCP LLLT Northern England  Oncology only (HSCT Yes (implementation lead)
centre)
G 3 HCPs LLLT Northern England Oncology and HSCT Yes (implementation lead)
1 CYP/parent dyad
H 1HCP LED Midlands Oncology and HSCT No (available in PTC)
Peri-Implementation (n = 3 PTCs)
I 1HCP LED Southern England Oncology No (not available in PTC)
J 1HCP LED Northern England Oncology Yes (implementation lead)
K 1HCP LED Southern England Oncology and HSCT No (not available in PTC)

Abbreviations: CYP = Children and young people; HCPs = Healthcare professionals; HSCT = haematopoietic stem cell transplant; LLLT = low-level laser; LED
= light-emitting diode system; PBM = Photobiomodulation; PTC = Principal Treatment Centre.

Compatibility [++/——] between PBM procedures and existing
workflows varied markedly across centres. Delivery by external
teams, such as visiting dental staff, often disrupted integra-
tion, especially when PBM was used reactively rather than
preventively. As a non-pharmaceutical intervention, PBM’s align-
ment with medication and prescribing systems was inconsistent;
where it was formally embedded within prescribing pathways,
accountability and treatment consistency improved.

4.2 | Individuals

A wide range of Individual Roles were identified within the
dataset, highlighting the need for a whole team approach to
implementation. The opportunity [++] and motivation [++] of
implementation leads were key, with dedicated time required
alongside persistence to drive the service forward. Implementa-
tion leads frequently served as ‘Champions’ within the Implemen-
tation Process [++].

The need [++] of CYP as innovation recipients strongly motivated
adoption, as PBM was widely perceived to enhance comfort
and quality of life. However, delivery relied on the opportunity
[++/—=] of innovation deliverers. Ward-based staff were con-
sidered best placed to provide treatment, but their availability
and training varied substantially across centres, influencing
consistency and reach of implementation.

5 | Theme 2. “‘Why Not Try It?’ — The Perception of
PBM as a Simple, Proactive, and Rewarding
Treatment

Influential determinants in this theme primarily related to
Innovation Characteristics and the Characteristics of Individuals
involved in delivery and implementation. The Inner Setting
exerted less influence, resulting in fewer differences between
PTCs. Data from all participant groups contributed to theme
development (Table 3).

5.1 | Innovation Characteristics

PBM had a strong relative advantage [++] in its ability to be
delivered preventatively, rather than reactively, and both LED and
laser systems were highly acceptable to CYP. PBM was perceived
to have inherently high adaptability [++], with value placed on
CYP autonomy and control in adapting treatment protocols based
on their symptoms and their wider care.

Treatment delivery was perceived as simple, from both deliv-
erer and recipient perspectives, with limited complexity [++].
However, wider operating procedures relating to disinfection
and equipment transport increased complexity [—], with laser
safety procedures presenting additional barriers for low-level
laser systems.

Pediatric Blood & Cancer, 2026
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Outer Setting
National and
International Context

Inner Setting

Trust, Health Board, Hospital,

Partnerships &
Connections (++),
Financing (++)

Recipient-Centredness (++), Tension for Change
(++), Incentive Systems (++), Mission Alignment (++),
Work Infrastructure (++/--), Compatibility (++/--)
Relative Priority (--), Available Resources (--)

Individuals

Opportunity

Motivation

Capability
Innovation
Characteristics Implementation
Photobiomodulation Team Members
(++),

Adaptability (++), Relative
Advantage (++)

Implementation
Support (++)

Opinion Leaders (++),
Implementation
Facilitators (++),

Implementation Leads
(++), Innovation
Deliverers (++/--)

Opinion Leaders
(++), Implementation
Leads (++),
Innovation Deliverers
(++), Innovation
Recipients (++)

Implementation Process

(++/--), Adapting (++)

Planning (++/--), Tailoring Strategies (++/--), Reflecting and Evaluating [Innovation]

(++) Strong facilitator, (++/--) Strong facilitator OR barrier in different settings, (--) Strong barrier

FIGURE 2 | Diagrammatic representation of CFIR domains and substituent constructs with strong influences on PBM implementation.

5.2 | Individuals

A bidirectional relationship was observed between CYP and
families as peer opinion leaders and HCPs as expert opinion
leaders in motivating both innovation deliverers and innovation
recipients. Both groups expressed strong motivation [++] to
improve CYP’s treatment experiences.

For LED systems, PBM was perceived as a simple skill with low
capability [++] requirements. This supported training of a wider
range of staff groups (including nursing staff and healthcare
assistants) and training of families to self-deliver treatment with
supervision. Families valued the opportunity to play a proac-
tive role as a strong motivation [++], in becoming innovation
deliverers, and in actively requesting the treatment as innovation
recipients.

6 | Theme 3. Need for Navigable, Interconnected,
Multiprofessional Networks to Support
Implementation

Theme 3 was developed exclusively from HCPs’
implementation insights. Data were related to facilitators
to navigation of implementation processes in the Outer
Setting and supportive Individuals in the local context
(Table 4).

6.1 | Outer Setting

Partnerships and connections [++] (through professional soci-
eties, networks, and conference dissemination) were important
catalysers for implementation. Early adopters benefited primarily
from international collaboration, while later adopters drew on
emerging national networks and shared UK-based expertise.

6.2 | Inner Setting and Individuals

At the Inner Setting level, work infrastructure [——] often hin-
dered navigation of local approval processes. Support from
high-level leaders [+] familiar with governance pathways facil-
itated progress, particularly when leaders were accessible to
implementation teams.

Effective implementation required diverse expertise across infec-
tion prevention and control, medical physics, oncology, and
paediatric dentistry. Implementation team capability [++] was
thus crucial, though limited opportunity [—] and coordination
challenges within multidisciplinary teams frequently constrained
delivery. Visible, ward-aligned implementation leads [++] and
deliberate teaming [+] helped overcome these barriers.

Variation in work infrastructure [+/-] (including access to dental
teams, departmental proximity, and service size) had modest
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TABLE 3 | Summary of Theme 2 constituent qualitative summaries, relevant CFIR constructs, and representative data.

Theme 2. ‘Why not try it?’ - The perception of PBM as a simple, proactive, and rewarding treatment

CFIR Qualitative Summaries (n = 32) - CFIR construct,
domain [valence] Representative Quotes
@ Highly influential ‘I think we just wanted to stop anything, we felt like
Innovation * Value of autonomy, control, and choices with we had so little control over anything, that anything
Characteris- treatment delivery — Adaptability [++] we could control to make things better we wanted to
tics . . . grab onto and I think we both felt like we didn’t have
* Value of a preventative option, rather than managing . . , .
side effects — Relative Advantage [++] any real contro'l over life and I think that’s in Sf)me
ways why the light therapy was so good, especially
* PBM is a highly acceptable treatment - Relative when you’ve got to the point of being able to do it by
Advantage [++] yourself, you felt like you had the control over it and
. . . o ; even now she loves it if somebody leaves the light
PBM is a simple procedure in itself - Complexity [+-+] therapy machine out’. Parent 2 ‘I would far rather do
* Perceived to be more effective than topical treatments it myself [... ] than someone’s shining a light at me’.
- Relative Advantage [++] CYP2 Adaptability [++]
Less influential ‘So knowing that there was something quick and
* Perceptions of PBM as an experimental treatment by painless that could be done without putting him
families — Evidence Base [+] through, you know, pinning him down to drop eye
+ Family acceptance of a lower evidence base for drops or making him take this tiny cup of clearly
‘non-pharmaceutical’ therapies — Evidence Base [+] awful whatever the mouthwashy gel [... | some sort of
) o ) sachet as well maybe or there was something that
* Use as an adjunct to existing oral care - Relative dissolved. There was maybe two options for the sore
Advantage [+] mouth and whenever that was mentioned we were
* Perception of laser and LED systems depends on shut down by him [CYP3] very quickly. And it’s like,
previous PBM experience — Relative Advantage [+/—] “Right, well, if we’re not going to do the eye drops,
. . . . the mouth gel, the mouthwash, can we do this [PBM]
* Wider operatlng Procedures around delivery 1ncre'ase instead?” [...] It felt like we were still doing
complexity, especially for laser systems — Complexity something to help the mouth without putting him
[=1 through extra trauma when there’s already 50 other
 Connotations of lasers and the influence of how these things that he was trying to process at the time’.
are introduced — Design [+/—] Parent3 Relative Advantage [++]
* Assembly, size, and weight of LED system — Design ‘T found the device itself really simple to use, it was
[-] pretty much kind of foolproof so it was pretty simple
and a lot of our patients really quite seemed to enjoy
* Discomfort and embarrassment with intra-oral LED it as well [...] I think because there’s only so many
device for children and young people — Design [~] buttons you can press I guess, if that makes sense. So
you kind of have to turn the switch, you press the
button and it does it itself really. It’s nice to know that
it’s sort of all safely calculated and things for you so
you don’t have to be sort of like prescribing particular
doses to patients and things like that. HCP19
Complexity [++]
(III) Inner Highly influential ‘I mean, as you know, when you’re treating a child
Setting * Enthusiasm from healthcare professionals to and you see children in such significant pain, and you

implement treatments that make children’s lives
better — Culture (Recipient-Centredness) [++]

Less influential

PBM becomes a lower priority when CYP experience
other debilitating treatment side effects — Relative

Priority [—]

see somebody in another service, be it another
country, producing results which have been of
significant benefit to their children. You think, “Well,
why aren’t we at least doing it with ours?”, I think
that was the main driver’. HCP16 Culture
(Recipient-Centredness) [++]

‘But it’s keeping people out of hospital and that’s the
major aim, you know, of children’s hospitals, is care
closer to home isn’t it. And making life easier and
better for kids who are going through a difficult time.
So I think it aligns pretty nicely really’. HCP15
Culture (Recipient-Centredness) [++]

(Continues)
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TABLE 3 |

(Continued)

Theme 2. ‘Why not try it?’ - The perception of PBM as a simple, proactive, and rewarding treatment

CFIR Qualitative Summaries (n = 32) - CFIR construct,
domain [valence] Representative Quotes
(v) Highly influential ‘I think it’s just the drive to do it. Everyone’s very
Individuals * Experience of positive patient outcomes as a enthusiastic. We can see a benefit. I think as our
motivator for all groups - Opinion Leaders patients are speaking out to the staff members and
(Motivation) [++] saying “Actually, that really helped and I really liked
, e it and I really want the laser”, then that motivates

* Parents’ role as advocates for their child’s care - . R

Opinion Leaders (Motivation) [++] everybody to yvgrk together to makg it happen’
HCP18 Opinion Leaders (Motivation) [++]

* Bidirectional role c.)f families as peer leade¥s and I think we were overly keen on it, so I would ask
heal'thcajtr ¢ Professu')nals a_s expert leaders' H.l every day and probably there were days where I would
motivating innovation deliverers and recipients - literally go to the nursing station seven times or eight
Opinion Leaders (Opportunity) [++] times to say “Please could he have light treatment”,

+ Knowledge and skills to deliver PBM are simple and just because I believed it was so important’. Parent 1
teachable to all staff groups and families - Innovation Opinion Leaders (Motivation) [++]
Deliverers (Capability) [++] ‘It just seems like this simple thing, probably if

* Positive attitudes and enthusiasm from healthcare someone had shown me “This is what you do, help
professionals influences treatment delivery — yourself to the machine” I could totally do it myself. It
Innovation Deliverers (Motivation) [++] just seemed straightforward enough, easy enough’.

Parent 1 Innovation Deliverers (Capability) [++]

* Parental desire to play an active role in cancer care - . . .

Innovation Deliverers (Motivation) [++] So how .1mp0r'tant would' you say that this treatment
was available in other children’s cancer centres [... |

* Enthusiasm from families, who often request PBM - from 0 to 100?.. Interviewer ‘I would say 100. I think
Innovation Recipients (Motivation) [++] it was .... Even if it didn’t, you know, even if it hadn’t

* A proactive, positive, helpful treatment that families done any S"Od B and.it did - but even if it hadn’t, it
can play an active role in receiving — Innovation was something proact.lve, pos1t.1ve, and useful that we
Recipients (Motivation) [++] felt we could be doing at a time when there was

Less influential nothing else that I felt I was doing that was

* Knowledgeable healthcare professionals as a gateway productive, p051F1\{e, and use.:ful’.. Parent 2 Innovation
to introducing PBM - Opinion Leaders (Capability) Recipients (Motivation) [++]

[+] ‘Did you feel like you had an understanding on kind
. . . of how it worked?’. Interviewer ‘(Laughter) Other

* Positive patient outcomes as a motivator for han this licht. magical licht. was. I don’t know. Does

implementation facilitators — Implementation .t a ght, Mag ’g P
- o it promote healing? I don’t, I still don’t think I actually
Facilitators (Motivation) [+] know. Promote healing I guess, or then it’s used in the

* Job satisfaction of autonomous service delivery with preventative way. Yeah, I think I'm answering your
immediate positive impact for families — Innovation question there that I still don’t quite understand. But
Deliverers (Need) [+] it was something I was more than happy to ask for on

* Wider ‘soft’ skills in management of CYP are needed the off chance t}'1at ! th(‘)u.ght it was he':lplng. Parent 3
— Innovation Deliverers (Capability) [+] Innovation Recipients (Capability) [~]

* Children and young people have generally high
self-efficacy in relation to PBM - Innovation
Recipients (Capability) [+]

* Difficult to understand mechanism of PBM —

Innovation Recipients (Capability) [—]

* Families feel privileged to receive PBM due to its low
availability — Innovation Recipients (Opportunity) [+]

* Perception of PBM carrying low opportunity cost for
inpatients — Innovation Recipients (Opportunity) [+]

* Motivation of recipients is influenced by previous
mucositis and PBM experience - Innovation
Recipients (Motivation) [+/—]
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effects overall. Established teaching sessions and departmental
meetings improved access to knowledge and information [+] and
communication [+] but often excluded nursing staff, a core group
of implementation team members.

7 | Theme 4. Balancing Individualisation of PBM
Services With the Need for Standardisation and
Guidance

Critical determinants in this theme related to the Innovation
Characteristics and Implementation Process domains (Table 5).

7.1 | Innovation Characteristics

The strong adaptability [++] of PBM and the flexibility of its
delivery supported integration into paediatric cancer and trans-
plant care. This adaptability extended to scheduling, location,
and staffing (particularly with LED systems) and to the tailoring
of treatment protocols that maintained consistency within local
workflows. However, adaptability also introduced complexity;
the absence of a single agreed protocol, especially for laser
systems requiring energy dosing, increased complexity [—] and
reflected the limited evidence base [—] arising from heterogeneous
PBM studies. While international policies [+] endorsed PBM
implementation, participants emphasised the need for clear,
nationally relevant guidance to support standardisation.

7.2 | Implementation Processes

Implementation strategies were influential but varied widely in
design and effectiveness. More recent adopters tended to use
structured, premeditated approaches, whereas early adopters
developed services in a more iterative, “ad hoc” manner. Patient
pathways for PBM differed across centres, requiring adapting
[++/——] to local patient populations, referral routes, docu-
mentation systems, and medical physics requirements. When
these factors were addressed through planning [++/——], imple-
mentation fidelity was maintained, although no single pathway
proved superior.

Structured planning [++/——] and clear delegation of imple-
mentation stages facilitated adoption. Participants expressed a
strong desire for an “implementation roadmap” - a practical
guide based on UK and Irish experiences - that could be applied
flexibly across contexts as a tailored strategy [++]. Demonstrating
service benefits remained challenging due to patient heterogene-
ity and limited outcome data. Later adopters were more likely
to embed reflecting and evaluating [++/——] within standard
care and, where evaluation processes were well integrated, they
strengthened local service development and supported wider
dissemination.

8 | Theme 5: Increasing Implementation of LED
Systems, With Reduced Barriers, Over Time

Although this theme was narratively important, it included
fewer strong determinants. Influential data primarily

related to Innovation Characteristics and the Inner Setting
(Table 6).

8.1 | Innovation Characteristics

Lower adaptability [—-—] of low-level laser systems compared
with LED systems created notable implementation barriers.
Laser safety protocols constrained treatment locations, required
specialist training, and prevented patient self-delivery, limiting
flexibility. In contrast, LED systems removed these constraints,
providing a clear relative advantage [++] that facilitated adoption
in later-implementing centres.

A growing evidence base [+] for LED systems further supports
their use, though direct comparative trials remain limited. Clin-
icians relied on experiential or observational evidence, and the
term PBM was applied broadly in clinical guidance [+]. For
many, the practical benefits of LED systems - simplicity, safety,
and portability - outweighed differences in formal evidence
strength. These pragmatic advantages reduced contextual barri-
ers otherwise identified in assessing context [—] for laser-based
delivery

8.2 | Inner Setting

Physical infrastructure [+/-] within PTCs also shaped system
choice. Laser systems required enclosed or modified treatment
rooms, creating difficulties in open or glass-fronted bays and
in wards lacking laser-safe spaces. This dependency on envi-
ronment and equipment constrained available resources (space)
[-], particularly when treatment rooms served multiple clinical
purposes. LED systems, being portable and room-safe, were more
compatible with routine inpatient care and thus more readily
integrated into existing workflows.

8.3 | Implementation Strategies

Forty-nine barriers, 12 with strong influence, were mapped
against 21 distinct ERIC strategies (Supplementary Table S1).
Two barriers relating to Innovation Characteristics could not be
mapped to implementation strategies, as they represented fixed
PBM features.

Assessment of local context for barriers and facilitators (n =
8), development of a formal implementation blueprint (n = 4),
and promotion of adaptability (n = 5) were the most frequently
mapped strategies. This highlighted the need for structure and
guidance, whilst adapting strategies, through planning and
assessment of context in implementation approaches.

9 | Discussion

This study identified the principal barriers and enablers influ-
encing implementation of PBM within paediatric oncology and
haematology in the United Kingdom and Ireland. Applying
implementation science theory enabled systematic analysis of
these determinants and informed development of an adaptable,
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TABLE 6 | Summary of Theme 5 constituent qualitative summaries, relevant CFIR constructs, and representative data.

Theme 5. Increasing implementation of LED systems, with reduced barriers, over time.

Qualitative summaries (n = 11) - CFIR

CFIR domain construct, [valence]

Representative Quotes

(I) Innovation
Characteristics

Highly influential
* Decreased adaptability of low-level laser
systems — Adaptability [——]

* Perceptions of LED systems as being easier
to implement — Relative Advantage [++]
Less influential
* Growth of evidence base for PBM over time
— Evidence Base [+]

* Large weight placed on patient-reported,
anecdotal, and observed benefits — Evidence
Base [+]

* Balancing evidence base for low-level laser
systems against practicalities for LED PBM
- Evidence Base [+/—]

(III) Inner Less influential

Setting * Layout of bed spaces influences laser safety
in delivery of low-level laser systems -
Structural Characteristics (Physical
Infrastructure) [+/—]

* Influence of innovation-centred and
risk-averse cultures — Culture (General)

[+/-]

* Increased space requirements for low-level
laser systems — Available Resources (Space)
[-]

* Increased resource need for laser safety

paraphernalia — Available Resources
(Materials & Equipment) [—]

‘T suppose the other thing that’s challenging is if they’re
unwell at that time, if they’ve got bad mucositis at that
time, what else is clinically going on with them. [...]
Sometimes they just won’t want to get out of bed and it’s
[low-level laser PBM] not a device that we can take to
them, they have to come to a [laser safe] room to have it,
so I think clinically how they are is huge as well. HCP18
Adaptability [——]

‘T think the ability to have the built environment
allowing laser therapy in every individual patient room
is a significant improvement. [...] But having said that,
the use of non-laser [LED] PBM gets round that. So I
would say it’s a boon for us to be able to use the laser in
that environment, but for a unit that hasn’t used it
before, LED its probably the way that I would go and I
think I would suggest it. HCP1 Adaptability [——]
‘However, I'm mindful that if I was starting this whole
thing from afresh today, the likelihood is I would be far
more inclined to go for non-laser LED because the
evidence to date seems to be supporting a similar
efficacy, but the difficulty I would say in moving to that
directly now, is that the best evidence and the longer,
wider evidence with NICE (National Institute for Health
and Care Excellence) support, with their guidance it still
refers to [laser], and there’s not been an update of that to
reflect to the same level, non-laser, and therefore you’ve
got, what you would consider gold standards [laser] and
then you would be changing to a non-gold standard
[LED] and it’s not that you couldn’t justify it [LED]
because there’s a whole load of reasons why it would be
easier than non laser’. HCP1 Evidence Base [+/—]

‘I think it’s just getting the right one [PBM system] and I
think it was also the governance around a low level laser
was a swaying factor as well, of trying to get that through
the Trust and having everything for that, with the
signage going through external departments as well’.
HCP12 Relative Advantage [++]

‘At the time, it had to be administered in a room with no
windows, with a lockable door, various ventilations et
cetera, et cetera. And in our old hospital, which was a

very old Victorian building in [city centre] we had kind

of a lack of space. So I do remember it when we used to
have to lock our treatment room, so it did actually block
a lot of care in the time administering the actual
procedure, which is relatively quick but setting it all up,
putting in the safety precautions in terms of the safety
posters and things for the doors, put the goggle on et
cetera et cetera’. HCP10 Available Resources (Space) [—]

(Continues)
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TABLE 6 | (Continued)

Theme 5. Increasing implementation of LED systems, with reduced barriers, over time.

Qualitative summaries (n = 11) - CFIR

CFIR domain construct, [valence] Representative Quotes
(Iv) Less influential ‘It [low-level laser PBM] comes with a level of clinical
Individuals * Perception that low-level laser systems decision making and I suppose maybe that’s because of

require increased knowledge and skills
restricts the scope of staffing - Innovation
Deliverers (Capability) [-]

(V) Implemen- Less influential
tation * Assessment of environment for laser safety
Process and infection prevention and control -

Assessing Context [—]

the device that we have, we have to make a decision on
what grade of mucositis they’ve got. We have to then
decide what strengths of laser to give so I think to ask a
junior member of staff to make those clinical decisions is
a bit unfair and it would be very challenging for them. I
know in other centres they’ve got the devices [LED] that
is one setting, you press a button and off you go, but I
think the device that we’ve got possibly adds a level of
complexity to that so you need a more advanced level of
clinical decision making with it, if that makes sense’.
HCP18 Innovation Deliverers (Capability) [—]

‘So any room that our laser has to be delivered in has to
be signed off by medical physics, just because there is a
very, it’s a very, it’s theoretical, but it’s a risk that it might
bounce off shiny surfaces. So they have to come round
and just make sure that the door can lock, that the blinds
down, that there’s not too many shiny surfaces and the
shiny surfaces that we do have can be covered by
something’. HCP7 Assessing Context [— ]

evidence-based implementation strategy. This provides the basis
for future development of an implementation resource, based
on UK and Irish experiences, offering a pathway to address
current inequities in access for CYP, and to strengthen delivery
of research-informed supportive care.

Inherent features of PBM: adaptability, relative advantage, and
the strong tension for change surrounding management of oral
mucositis, were key facilitators and helped combat contextual
variation. But the study also revealed heterogeneity between
PTCs in infrastructure, staffing, and service organisation, each
influencing fidelity of delivery.

Existing professional and organisational networks supported
adoption, but a ‘one-size-fits-all’ model limited scalability. Imple-
mentation therefore requires a balance between structured
guidance and local adaptation to match local contexts. Increasing
use of LED systems may ease implementation compared with
low-level lasers, though their greater flexibility could introduce
more clinical variability. Clinicians establishing PBM services
should consider both the implementability of the system type and
integration within existing patient pathways.

Implementation science frameworks provide a rigorous lens for
analysing complexity and guiding strategy development [24].
Their value is increasingly recognised in oncology; the Lancet
European Groundshot Commission, for example, called for sus-
tained investment in implementation research to bridge the gap
between evidence and clinical care [25]. But the application
of theory-driven approaches in paediatric oncology is limited.
Previous studies (primarily in human papillomavirus vaccina-

tion and psychosocial screening) [26] and a recent CFIR-based
analysis of fertility counselling for young people [27] highlight
similar determinants around compatibility with local systems
and the importance of planning and adaptation. However, these
studies were conducted in US settings with distinct financing and
incentive structures, and older participants, limiting generalis-
ability to UK paediatric contexts. Our study extends the evidence
base by examining determinants of PBM adoption in a publicly
funded health system, and by generating transferable insights
for other non-pharmacological supportive care interventions.
Theoretically, it additionally applies the CFIR 2.0 in this context
and demonstrates a methodological approach to mapping Expert
Recommendations of Implementing Change to this updated
framework.

The patient and family perspective remains under-represented
in implementation research, particularly in paediatrics [28]. In
this study, children and parents acted as opinion leaders, enhanc-
ing staff engagement and supporting delivery fidelity. CFIR
constructs beyond the immediate treatment experience - for
example, outer-setting or process determinants — were less readily
captured from family data. Future research should combine
family experience and professional implementation insights to
foster a more complete understanding of how children’s cancer
interventions are introduced, normalised, and sustained [29].

Quantitative measures regarding financial and resource capac-
ity were not collected, due to centralised commissioning of
paediatric cancer services and an opacity of these data. The
present study presents clinicians’ qualitative perspectives on the
resources and financial support in their settings to support PBM.
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Implementation and delivery of PBM, and supportive care more
widely, lie outside of mandated care and service standards [30].
This reduces financial incentives and impetus to implement
and deliver these treatments, with adoption demonstrated to
be professional led and of lower priority compared to curative
care. PBM implementation therefore frequently drew on allied
charitable funding to support capital costs, with ongoing con-
sumable and service costs absorbed by the individual service.
This highlights a gap between patients’ supportive care needs and
the funding of these services; until delivery of supportive care is
mandated within service specifications, supported by appropriate
remuneration, its delivery is driven by best-practice guidance and
clinical teams’ recipient-centred motivations.

A strength of the present study lies in its methodological
rigour with participant triangulation, theory-driven analysis, and
application of peer debriefing [31]. Consideration was given to
the influence of the researchers on data collection and shaping
of study findings. A parent-CYP dyad approach was used to
elicit differing perspectives and to support CYP participation;
this approach has proven successful in our previous research
with this population [3, 11]. Sense checking was completed with
PPI groups, supporting the interpretation of families’ interview
data, and within the wider research team. The lead researchers,
CH and BP, had led the implementation of PBM locally and
were known to many HCP participants in this capacity. This
may have influenced participant responses, should they not
wish to share challenges with implementing (HCPs) or negative
local treatment experiences (families). However, this expertise
supported familiarity with the dataset and interpretation of
key findings. A reflexivity log was kept by the lead researcher,
which supported the challenge of evolving perspectives and
influence on the data in discussion with the wider research
team [31].

Study findings have directly contributed to the co-design of an
implementation resource with HCPs, CYP with PBM experi-
ence, and their families. Participatory co-design approaches have
been employed to prototype a research-informed implementation
package, aimed at professionals at pre-adopting sites, to facilitate
adoption of new PBM services that meet the needs of CYP and
their families. The next phase of this research is to test this
implementation strategy in diverse haematology and oncology
contexts, as part of a mixed-methods evaluation.

10 | Conclusion

PBM is an effective, acceptable, and implementable intervention
for preventing oral mucositis in paediatric oncology. Its adop-
tion in the United Kingdom and Ireland has been shaped less
by clinical uncertainty than by contextual and organisational
factors.

Applying implementation theory revealed practical routes to
overcome these contextual and organisational barriers through
structured planning, local adaptation, and engaging fami-
lies and professional networks. Embedding such strategies
could improve equity of access and inform wider adoption of
other evidence-based supportive care interventions in paediatric
settings.
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