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Abstract
Purpose We aimed to systematically identify and characterize existing digital health tools for pain monitoring in children 
with cancer, and to assess common barriers and facilitators of implementation.
Methods A comprehensive literature search (PubMed, Cochrane, Embase, and PsycINFO) was carried out to identify 
published research on mobile apps and wearable devices focusing on acute and/or chronic pain in children (0–18 years) 
with cancer (all diagnoses) during active treatment. Tools had to at least include a monitoring feature for one or more pain 
characteristic(s) (e.g., presence, severity, perceived cause interference with daily life). Project leaders of identified tools were 
invited for an interview on barriers and facilitators.
Results Of 121 potential publications, 33 met inclusion criteria, describing 14 tools. Two methods of delivery were used: apps 
(n=13), and a wearable wristband (n=1). Most publications focused on feasibility and acceptability. Results of interviews 
with project leaders (100% response rate), reveal that most barriers to implementation were identified in the organizational 
context (47% of barriers), with financial resources and insufficient time available mentioned most often. Most factors that 
facilitated implementation related to end users (56% of facilitators), with end-user cooperation and end-user satisfaction 
mentioned most often.
Conclusions Existing digital tools for pain in children with cancer were mostly apps directed at pain severity monitoring 
and little is still known about their effectiveness. Paying attention to common barriers and facilitators, especially taking into 
account realistic funding expectations and involving end users during early stages of new projects, might prevent evidence 
based interventions from ending up unused.
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Introduction

Children with cancer experience a wide range of symptoms 
as a result of their illness and/or treatment [1]. These symp-
toms include pain, nausea, and fatigue [2]. As survival rates 
of pediatric cancer improve [3, 4], the focus on supportive 

care (i.e., the management and prevention of adverse symp-
toms of the illness and its treatment) has increased [5]. 
Pain is one of the most common adverse symptoms during 
childhood cancer treatment with prevalence rates varying 
between 40 and 78% [2, 6–11]. It is also the symptom most 
feared by children [12]. Cancer-related pain is often caused 
by the treatment (chemotherapy, surgery, or radiation), by 
procedures (lumbar punctures, blood draws, or bone marrow 
aspirations), or by the illness itself (tumor infiltration in tis-
sues or organs) [10, 13].

A previous study on pain in children receiving chemo-
therapy at the outpatient clinic showed that the major-
ity (78%) experienced clinically significant pain (score 
≥ 4), some even more than half of the time (30%) [9]. 
In one-third (33%) of the clinically significant pain 

 * J. D. H. P. Simon 
 j.d.h.simon-3@prinsesmaximacentrum.nl

1 Princess Máxima Center for Pediatric Oncology, 
Heidelberglaan 25, 3584 CS, Utrecht, The Netherlands

2 Department of Pediatric Oncology, University of Groningen, 
University Medical Center Groningen, Groningen, 
The Netherlands

/ Published online: 21 February 2023

Supportive Care in Cancer (2023) 31:175

http://crossmark.crossref.org/dialog/?doi=10.1007/s00520-023-07629-2&domain=pdf


1 3

incidences reported in this study, no interventions were 
used to reduce the pain. This might be due to parental 
misconceptions (e.g., pain in cancer is inevitable) [10] 
or concerns regarding analgesic use in children (e.g., 
pain medication is addictive and works best when used 
as little as possible) [14]. Despite existing evidence for 
a variety of effective pain prevention and pain manage-
ment strategies [15], the management of pain in the home 
setting is still suboptimal [9]. Digital health provides 
healthcare organizations with an opportunity to bridge 
the distance between the hospital and home setting, and 
to offer support remotely. Digital health includes elec-
tronic health (eHealth) and mobile health (mHealth) [16] 
and has many potential benefits such as accessibility and 
availability to a wider public (anywhere, anytime), the 
ability to provide real-time strategies in everyday set-
tings, and to fine-tune interventions to end users’ indi-
vidual needs [17].

Over the years, the amount of digital health tools for 
pain management has grown rapidly [18–21]. The range 
of features used in existing digital tools for pain seems to 
vary widely, from more basic tools providing information 
about pain(management) or using symptom diary track-
ing, to more advanced tools including real-time feedback 
from healthcare professionals (HCPs) and game elements 
(i.e., gamification) such as personalized avatars or in-app 
rewards to increase user engagement and motivation to 
symptom reporting [22, 23]. The literature shows growing 
evidence for the feasibility, acceptability, and effective-
ness of digital tools in adult cancer patients and survivors 
[19, 24]. In the pediatric oncology population, the feasi-
bility and acceptability of some digital tools for cancer-
related symptoms, including pain, have been assessed as 
well [25], yet results on their effectiveness are scarce. 
One systematic review looked at the effectiveness and 
efficacy of digital health tools for children and young 
adults undergoing cancer treatment and survivors [25]. 
The results of the two identified studies examining the 
impact on pain were mixed: one study using virtual reality 
did not demonstrate a significant change in self-reported 
pain intensity [26], and one study using an app did [27], 
yet this was a pilot study with preliminary results.

The rapid development and rise of these, often very 
costly, tools raise the urgency of implementation science 
[18]. It generally takes approximately 15–20 years to suc-
cessfully implement a new evidence-based intervention in 
healthcare settings [28, 29], and only 14% of interventions 
are successfully adopted in routine care [29], resulting in 
a large amount of “research waste.” Implementation sci-
ence uses strategies to adopt and integrate evidence-based 
health interventions into a clinical setting and describes 
“the effects of deliberate and purposive actions to imple-
ment new treatments, practices, and services” [29]. In 

order to prevent evidence-based interventions from ending 
up unused, it is imperative to assess and address determi-
nants that are slowing down (i.e., barriers) and/or facili-
tating (i.e., facilitators) implementation [30]. In order to 
make optimal use of this knowledge and focus on areas 
that need more attention, barriers, and facilitators need to 
be identified at an early stage. A review on the availability 
of pain-related eHealth interventions in routine pediatric 
care found researchers’ intrinsic motivation (i.e., personal 
beliefs in the importance of making their tools available 
to end users) to be the most endorsed facilitator, whereas 
system-level issues (e.g., lack of time and infrastructure to 
support intervention availability) were common barriers 
[30]. Including end users in the design phase (user-cen-
tered design) was associated with intervention availability 
in routine care [30]. This is consistent with other reviews 
on digital tools stressing the importance of involving key 
stakeholders throughout the entire process to attain buy-in 
from these parties [25, 31–33]. Stakeholders are defined as 
all people and/or organizations that affect or are affected 
by the outcomes of a project [34].

In children with cancer, pain has been identified as one 
of the most common symptoms during all phases of can-
cer treatment (acute as well as follow-up). Relative to other 
pediatric diagnoses, their treatment is particularly intense 
and toxic. Moreover, with new treatment regimens allowing 
patients to spend more time at home, the responsibility of 
managing pain lies with families themselves more than ever 
[35, 36]. Therefore, there is a need to identify digital health 
tools aimed at the pediatric population specifically, as these 
might help parents and children cope better. Two systematic 
reviews (2020) reported on the availability of digital health 
tools for cancer-related symptoms in pediatric patients [20, 
25], yet in both studies, only a limited number (n=2) of tools 
aimed at pain were identified. As the field of digital health is 
still rapidly evolving, we expect that an update on the subject 
will yield more results.

Moreover, this review will focus on mobile applications 
(“apps”) and wearable devices specifically. The reasoning 
behind this is that we want to include digital health tools 
that are always at hand and enable real-time (i.e., prospec-
tive) pain assessments, in order to avoid recall bias [37]. 
Thus, we aim to identify and characterize existing digital 
health tools (i.e., mobile apps and wearable devices) for pain 
in children with cancer. For each tool, we aim to provide 
an overview of research findings (e.g., feasibility, accept-
ability, effectiveness), and to assess common barriers and 
facilitators (i.e., lessons learned). By doing so, we hope to 
gain insight into existing digital tools for pain in pediatric 
oncology specifically, and secondly to compile valuable les-
sons for future digital health developers and researchers, not 
only in pediatric oncology but in a broader range of pediatric 
healthcare settings.
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Methods

Design and reporting

We used Arksey and O’Malley’s methodological framework 
for scoping reviews to examine the extent, range, and nature 
of research activity, and to summarize and disseminate our 
research findings [38]. The framework consists of (step 1) iden-
tifying an aim, (step 2) identifying relevant studies (i.e., carry 
out a literature search), (step 3) selecting studies based on inclu-
sion and exclusion criteria, (step 4) charting the data, and (step 
5) collating, summarizing, and reporting the results and is in 
accordance with the extended PRISMA guideline for Scoping 
Reviews [39]. No review protocol exists for the current review.

Search strategy and eligibility criteria

A search strategy was created with a medical librarian and 
carried out on February 9th 2022. Eligible publications were 
identified through searches of PubMed, Cochrane, Embase, 
and PsycINFO. The search consisted of four main search 
terms (ehealth/mhealth, pain, children, and cancer), each 
consisting of multiple keywords. A detailed overview of the 
included keywords and search string used for PubMed can be 
found in Appendix 1. Medical Subject Headings (MeSH), or 
equivalent terms, were used. No date range was used to limit 
the search and only English publications were considered. 
Additional publications were manually searched by scanning 
reference lists of identified publications.

We included publications (a) concerning mobile apps 
and wearable devices aimed at pain (b) with (at least) a 
monitoring feature for one or more pain characteristic(s) 
(e.g., presence, severity, perceived cause, interference 
with daily life), (c) for children with a cancer diagnosis 
(all diagnoses) (d) aged between 0 and 18 years old (or 
their parents) (e) during active treatment.

The literature management program EndNote was used to 
remove duplicates, after which the remaining publications were 
transported into Rayyan [40], which was used to remove the 
remaining duplicates and to enable multiple authors to screen 
the publications independently. Two reviewers (JDHPS and ISH) 
screened the publications independently for eligibility based on 
abstract and title. Disagreements were resolved by discussion and 
consensus. A final review of full-text versions of the selected publi-
cations was carried out by JDHPS and ISH to determine eligibility.

Semi‑structured interviews

The second objective was to assess the determinants 
of implementation of the identified tools. For this pur-
pose, the corresponding authors of these tools were 

approached for a semi-structured interview about their 
tool via a live video communication platform (Zoom). 
The interviews were audio-recorded after obtaining per-
mission from the interviewees and consisted of three 
sections: (1) current project phase and parties involved 
(i.e., professionals who contributed to the project and 
key stakeholders), (2) use of implementation theory/
model/framework, (3) and key barriers and facilitators 
encountered during the project. Finally, demographic 
information and working experience of interviewees 
were collected.

The Measurement Instrument for Determinants of Inno-
vations (MIDI) was used to guide section 3 of the interview 
(key barriers and facilitators encountered during the pro-
ject) [41]. The MIDI categorizes barriers and facilitators 
into 4 main themes and 29 subthemes. The main themes 
are a tool (e.g., complexity, compatibility), end user (e.g., 
personal benefits/drawbacks, satisfaction), organization 
(e.g., formal ratification by management, replacement when 
staff leave), and socio-political context (e.g., legislation and 
regulations). We added an additional sub-theme to socio-
political context (collaborating with external stakeholders, 
i.e., other disciplines/hospitals/cultures) since external 
collaboration barriers/facilitators were not included in the 
MIDI. An overview of the MIDI (sub)themes was sent to 
the interviewees prior to the interview and was displayed 
during the interview when barriers and facilitators were 
discussed [41]. After a barrier/facilitator was mentioned by 
an interviewee, the interviewer and interviewee collabora-
tively categorized it into a corresponding MIDI theme and 
subtheme. The interview guide, including the overview of 
MIDI (sub)themes, can be found in Appendix 2.

Data charting and synthesis of results

The data from the publications identified in the litera-
ture search was charted by giving an overview of tool 
characteristics based on published research, namely 
method of delivery, features, end users, and published 
research (including outcome measures and main find-
ings) in table form. Published studies were categorized 
by study design based on what was reported in articles. 
During interviews, aspects that remained unclear based 
on published research were verified with the project 
leaders. Finally, all project leaders were requested to 
verify the data in the table via email (Table 1).

The outcomes of the interviews on barriers and facili-
tators were summarized based on audio recordings and 
represented in table form and visualized in graphs. Each 
interviewee was requested to verify the data in the table 
(Appendix 3).
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Results

Publication selection process

We identified 122 publications across databases, and 11 
additional publications through alternative routes (Fig. 1). 
After duplicates had been removed, 120 publications were 
screened based on titles and abstracts, and 33 full-text 
publications were reviewed. Finally, 32 publications were 
included. In total, 14 tools for pain in pediatric oncology 
were identified.

Results scoping review

An overview of included studies and characteristics of the 
digital tools can be found in Table 1.

Method of delivery

Two methods of delivery were used: apps (n=13, 92.9%), 
and a wearable wristband (n=1, 7.1%).

Features

Tool features were grouped into four main themes: (1) 
monitoring feature for one or more pain characteristic(s) 
(e.g., presence, severity, perceived cause, interference 
with daily life, bothersomeness), (2) information about 
pain(management), (3) communication, and (4) game ele-
ments. In 13/14 tools, the pain characteristic “severity” 
was monitored (n=14, 92.9%), of which 12 tools used self 
and/or parent reports with several rating scales (details in 
Table 1), and one wearable tool used heart rate, skin tem-
perature, and electrodermal activity to monitor pain [42]. 
One tool just assessed the pain characteristic “bothersome-
ness” (mouth sores, headache, hurt of pain other than head-
ache) [43]. Information about pain(management) was pro-
vided in six tools (42.9%), and nine tools (64.3%) included 
a communication feature, of which n=3 provided real-time 
feedback from healthcare professionals, n=2 provided real-
time algorithm-informed feedback, n=3 included a web-
interface for healthcare professionals to evaluate and give 
feedback on data, n=1 included a community forum for 
peers, and n=1 provided pain reports for healthcare pro-
fessionals during clinic appointments. One tool had two 
communication features and thus was counted twice [43]. 
Gamification elements were used in four tools (24.6%) and 
included users picking their own avatar (n=2), playing the 
role of a superhero or law-enforcer (n=2), having a sketch 
pad available (n=1), and reward systems for adherence to 
pain diary completion (n=2).

End users

All tools were developed for children during cancer treatment, 
yet one was also available during follow-up after treatment, 
and one was available for children with sickle cell disease as 
well. Age groups of children varied, with one tool (7.1%) solely 
focusing on young children (ages 0–12), three tools (21.4%) on 
adolescents and young adults (AYAs) (ages 13–32), and ten 
tools (71.4%) on both young children and AYAs. With regard 
to setting, one tool (7.1%) could be used solely in the hospital 
(i.e., inpatients), five tools were meant for an outpatient setting 
(i.e., not during hospitalization) (35.7%), and eight tools were 
available for in- as well as outpatients (57.1%).

Included studies

The research was published between 2012 and 2022. An 
overview can be found in Fig. 2. The majority of stud-
ies focused on the development and usability/feasibility/
acceptability testing. For two tools (Pain Squad+ and Pain 
Buddy [44, 45]), preliminary data on their effectiveness in 
reducing pain has been published, yet no definitive results 
are available. For another tool (C-SCAT [46]), an effective-
ness study was published. However, this study focused on 
the tool’s effectiveness in increasing AYA self-efficacy for 
symptom management, rather than pain reduction.

Results semi‑structured interviews

Thirteen project leaders were invited for a semi-structured 
interview on barriers and facilitators to (future) implementa-
tion of their tools (100% response rate). Table 2 describes 
the interviewee characteristics. For the RESPONSE app 
[43], no interview was conducted as this tool was added 
during the review process.

With regard to professional input, 60.3% of the profes-
sionals were healthcare professionals (e.g., physicians,nur
ses,physiotherapists, psychologists, pain experts, child life 
specialists), 27.9% were digital technique specialists (e.g., 
computer scientists, engineers, software developers, applied 
IT specialists), and 11.8% were other professionals (e.g., 
lawyers, patient organization members, communication 
experts, measurements experts, health economists).

With regard to key stakeholders, 41.4% of all mentioned 
stakeholders were families (e.g., patients, parents, and extended 
families), 37.9% were healthcare professionals (includes the hos-
pital as an organization), 10.3% were cancer aid organizations, 
6.9% were research funders, and 3.4% were IT companies.

Five interviewees (38.5%) reported having used or using 
a theoretical model for implementation, namely the Con-
solidated Framework for Implementation Research (CFIR) 
(n=2), the Knowledge-to-Action (KTA) Framework (n=1), 
the Reach, Effectiveness, Adoption, Implementation, and 
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Maintenance (RE-AIM) Framework (n=1), and the MRC 
(Medical Research Council) Framework for Development 
and Evaluation of Complex Tools (n=1).

The key barriers and facilitators can be found in Fig. 3. 
Most barriers related to the organization (i.e., financial 
resources: “During effectiveness testing, a nurse is paid 
from research funding. But how will we fund this down the 
road, when we want to implement/scale up?”) and the socio-
political context (i.e., legislation/regulations: “When you 
work with different hospitals and institutions they may have 
different juridical regulations”). Most facilitators related to 
the end users (i.e., client/patient cooperation: “Children are 
more likely to accept new technology and to incorporate 
new technology into their house”) and the tool itself (i.e., 

complexity: “It was really easy and clear how to use the 
app”).

Discussion

This review identified fourteen unique digital tools for pain 
monitoring, with the ultimate goal of improving pain man-
agement and reducing pain in children and/or AYAs with 
cancer. Identified tools in this study were mostly mobile 
apps that can be used in both in- and outpatient settings, 
by young children as well as AYAs, and were directed at 
pain severity monitoring using self- and/or proxy reporting 
rating scales. The feasibility and/or acceptability of all but 

Fig. 1  Flow diagram scoping review
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one tool (RESPONSE [43]) has been established, yet very 
little is still known about their effectiveness in accurately 
monitoring and/or reducing pain [47]. Moreover, little is also 
known about their (future) chances of successful implemen-
tation in care. During the interviews, project leaders mostly 
mentioned organizational barriers and end-user facilitators 
in the process of implementation.

In addition to pain severity monitoring, another com-
monly used feature was “communication.” Seven tools 
included a communication feature with healthcare profes-
sionals (50% of all tools), and one tool included a commu-
nity forum for communication with peers (7.1%). Commu-
nication options with healthcare professionals ranged from 
real-time feedback on reported pain scores, to feedback on 
pain scores during clinic visits (i.e., delayed feedback). A 
previous review on the benefits of mobile apps for cancer 
pain management in (mostly) adults revealed evidence for 

improved quality of life and decreased pain catastrophizing 
for digital tools with a real-time communication functional-
ity between patients and healthcare professionals [19]. This 
shows promise for the future effectiveness of tools which 
included real-time feedback from healthcare professionals.

Most included publications focused on the development 
and user experiences. The biggest knowledge gap lies in 
these tools’ effectiveness in successfully monitoring and/
or reducing pain. One effectiveness study found a signifi-
cant effect on self-efficacy for symptom management in 
AYAs, yet no results on symptom (i.e., pain) reduction 
were included [46]. Two preliminary effectiveness studies 
on pain reduction were published and found a significant 
effect on pain severity (decreased) [27, 48], pain interference 
(decreased), and Health-Related Quality of Life (HRQOL) 
(increased) [27]. The tools described in these two studies 
(Pain Buddy and Pain Squad+) both included real-time feed-
back (from healthcare professionals or algorithm informed 
based on healthcare professionals’ input) and game ele-
ments. Game elements and in-app incentives have previously 
been found to increase medication adherence [49] and thus 
might also be useful to improve symptom reporting adher-
ence of digital tools. However, since both studies were pre-
liminary with small sample sizes (N=40/48), no definitive 
recommendations can be made.

A strength of this scoping review lies in the added value 
of the semi-structured interviews aimed at identifying key 
barriers and facilitators. This mixed-method design informs 
readers on the state of the field based on published litera-
ture but also incorporates project leaders’ experiences that 
may form valuable lessons for future researchers. The high 
response rate (100%) for interview participation in this study 
reflects the project leaders’ willingness to share experiences 
with colleagues to contribute to implementation awareness. 
Digital tools have the potential of being more cost-effective 
than regular face-to-face care [50], that is, when success-
fully implemented in care. A key pillar of implementation 
science lies in the involvement of stakeholders, and user-
centered designs have previously been associated with suc-
cessful implementation in care [30]. In this review, only five 

Fig. 2  Study designs of pub-
lished research (N=35*). n = 
number of studies per category. 
*33 publications were included 
in this review, yet two publica-
tions focused on both imple-
mentation and (preliminary) 
effectiveness and were counted 
twice in this figure

Table 2  Interviewee characteristics (N=13)

n = number of individuals per category
A comprehensive overview of the outcomes of the semi-structured 
interviews (including quotes illustrating the context in which barriers 
and facilitators were encountered) can be found in Appendix 3.

n (%)

Gender (female) 10 (76.9)
Age (mean, range) 51.2 (39–58)
Place of residence
2003EU 6 (46.2)
 USA 5 (38.5)
 Canada 2 (15.4)
Background (schooling)
 Nurse 7 (53.8)
 Physician 3 (23.1)
 Psychologist 2 (15.4)
 Other 1 (7.7)
Years working in care (mean, range) 20.8 (min: 0, max: 37)
Years working in research (mean, range) 18.7 (min: 5, max 32)
Years working with digital health (mean, 

range)
12.3 (min: 2, max: 22)
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out of 12 interviewees reported using a theoretical model for 
implementation. However, all interviewees did report getting 
input from a diverse group of professionals (i.e., healthcare 
professionals, specialists in digital technique, lawyers, patient 
organizations) and stakeholders (i.e., families, healthcare 
professionals, cancer aid organizations, research funders, IT 
companies) throughout their projects. Healthcare profession-
als were by far the most involved professionals, and they were 
also the second most commonly mentioned key stakehold-
ers, after families. Thus, despite the sparse use of formal 
theoretical models for implementation, end users’ input was 
highly valued as they were involved in the majority of pro-
jects. Based on the literature, this increases the chance of 
successful future implementation of these tools in care. The 
close involvement of project leaders globally in this review 
might lead to more international collaborations, larger sample 
sizes, and higher cost-effectiveness in the future. At the same 
time, international collaborations might cause barriers in the 
socio-political spectrum of the MIDI [41], such as legislation 
and regulations and collaborating with external stakeholders 
(i.e., other disciplines/hospitals/cultures).

The importance of including end users is also reflected in 
the results of the interviews with project leaders on barriers 
and facilitators. The most common facilitators were often con-
nected to end users (56% of all mentioned facilitators), with 
end-user cooperation and end-user satisfaction mentioned most 
often. This is in line with several reviews stressing the impor-
tance of user-centered designs to accomplish successful use 
in routine care [25, 31–33]. In contrast to previous findings 
in which researchers’ intrinsic motivation (personal beliefs in 

the importance of making their tools available to end users) 
was mentioned as an important facilitator [30], this was not 
found in the current study. The most common barriers were 
identified in the organizational context (47% of all mentioned 
barriers), with financial resources and time available being the 
most common. This is in line with a previous review on digital 
health tools for pediatric pain (not cancer-specific) in which 
lack of time and infrastructure to support tool availability were 
identified as barriers as well [30]. The overarching aim of 
assessing barriers and facilitators is to identify and understand 
factors that influence implementation [51]. However, solely 
assessment of barriers and facilitators does not suffice. It is also 
important to act on this knowledge and focus on areas that need 
more attention. For this purpose, Nilsen et al. have described 
several models which guide the process of translating research 
into practice and provide more practical planning and execu-
tion of implementation endeavors [51]. Future digital health 
researchers should incorporate such models in their projects 
in order to increase implementation success.

A limitation of this study lies in the fact that the RESPONSE 
tool [43] did not come up in our initial literature search and was 
brought to our attention during the review process. As a result, 
we were unable to carry out the interview about barriers and 
facilitators. We did include this tool in Table 1 (overview tool 
characteristics based on published research).

This review provides an update on digital tools for acute and/
or chronic pain in children with cancer that have been devel-
oped in research settings. Thirteen unique digital tools were 
identified, and these are mostly apps directed at pain severity 
monitoring. Feasibility and acceptability were established for 

Fig. 3  Identified key barriers and facilitators categorized in MIDI* themes and sub-themes. *MIDI: measurement instrument for determinants of 
innovations
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all tools, yet definitive data on their effectiveness in accurately 
monitoring and/or reducing pain is lacking. Qualitative assess-
ment of common determinants (barriers and facilitators) of 
successful implementation yielded valuable findings that can 
inform and guide future digital health researchers and imple-
menters, not only in pediatric oncology, but also in a wide vari-
ety of both pediatric and adult healthcare populations.
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tary material available at https:// doi. org/ 10. 1007/ s00520- 023- 07629-2.
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