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Abstract

Objective: Digital health has recently gained a foothold in monitoring and improving diabetes care. We aim to explore the
views of patients, carers and healthcare providers (HCPs) regarding the use of a novel patient-owned wound surveillance
application as part of outpatient management of patients with diabetic foot ulcers (DFUs).

Methods: Semi-structured online interviews were conducted with patients, carers and HCPs in wound care for DFUs. The
participants were recruited from a primary care polyclinic network and two tertiary hospitals in Singapore, within the
same healthcare cluster. Purposive maximum variation sampling was used to select participants with differing attributes
to ensure heterogeneity. Common themes relating to the wound imaging app were captured.

Results: A total of 20 patients, 5 carers and 20 HCPs participated in the qualitative study. None of the participants have used a
wound imaging app before. Regarding a patient-owned wound surveillance app, all were open and receptive to the system
and workflow for use in DFU care. Four major themes emerged from patients and carers: (1) technology, (2) application
features and usability, (3) feasibility of using the wound imaging application and (4) logistics of care. Four major themes
were identified from HCPs: (1) attitudes towards wound imaging app, (2) preferences regarding functionality, (3) perceived
challenges for patients/carers and (4) perceived barriers for HCPs.

Conclusion: Our study highlighted several barriers and facilitators from patients, carers and HCPs regarding the use of a
patient-owned wound surveillance app. These findings demonstrate the potential of digital health and areas to improve
and tailor a DFU wound app suitable for implementation in the local population.
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Introduction
In patients with diabetes, the lifetime risk of developing a
diabetic foot ulcer (DFU) is estimated to range from 19%
and 34%.1 Patients with diabetes also have a 15–20 times
increased risk of lower extremity amputation and this is
usually preceded by a DFU in up to 85% of the time.2

Previous studies have shown that at least 25% of DFUs
do not heal, increasing the risk of amputation.3,4

Following the index DFU, the recurrence of the subsequent
ulceration is 40% in the first year and up to 60% in 3 years.1

DFUs present significant risk factors for lower extremity
amputations, leading to increased risk of mortality and
costs.5 In 2017, the mean cost to manage a DFU in
Singapore was US$3,368, going up to US$10,468 for a
minor amputation and US$30,131 for a major amputation
per patient-year.6

The frequent visits for treatment at healthcare facilities
impose substantial burdens to patients with DFU and
healthcare systems.5,7 Wound care, being an important
aspect of outpatient DFU management, is complex and
involves a multidisciplinary team of doctors, nurses, podia-
trists, allied health providers, and not forgetting patients and
their carers. This process includes (1) wound assessment,
(2) documentation and monitoring and (3) intercommunica-
tion between different various healthcare providers
(HCPs).8,9 There have been several developments of
various comprehensive wound assessments and monitoring
systems to improve the experience and quality of wound
care. Patients with diabetes are educated to take ownership
of their foot care and to take preventive measures such as
regular foot checks for pre-ulcerative signs and recognise
wound progression.10 Adopting best practice patient educa-
tion can empower a patient to take care of their own condi-
tion and is a cost-effective method to preventing DFUs and
offering maintaining ulcer-free foot in remission state.11,12

Technology is increasingly being adopted into diabetes
care for example in the implementation of real-time con-
tinuous glucose monitoring.13 These technologies have
helped empower patients and improved self-care,14 result-
ing in better control of their glycaemic index.15 Overall,
this leads to better patient outcomes and reduced healthcare
expenditure.16,17 However, technology has yet to be widely
used in DFU care but is slowly gaining traction.18 Hence, a
qualitative approach is timely to provide an in-depth under-
standing of the participants’ and HCPs’ perspectives in
using smart technology. Although there has been some
qualitative studies done on patients19,20 with DFUs, these
studies recruited their patients from single wound care
clinic which might weaken the external validity as the
patients with DFUs might have different characteristics
and perceptions towards digital health. Thus, we aim to
address this limitation by recruiting a wide variety of
patients, across various education, employment and ethni-
city backgrounds, hence representing the heterogeneity of

the Singaporean population to better cater our app develop-
ment for their ideas, concerns and expectations. Other
studies within the literature also included HCPs managing
patients with DFUs,21,22 but there were no previous
studies that explore the usage of mHealth for DFU from a
carers’ perspective. In Singapore, which has an ageing
population, many DFU patients are cared for by their
family members and/or their domestic helpers.

Therefore, this study aimed to explore concurrently
patients, carers and HCPs’ perspectives on a patient-owned
wound imaging system for DFU care. This will allow us to
explore the perceptions from all stakeholders to develop an
effective and seamless application that can integrate into the
healthcare system. This study was conducted as the first part
of a larger clinical study, seeking to evaluate the efficacy of
a patient-owned wound surveillance system for DFU care
(ePOWS Study).

There are four overreaching research questions (RQs)
that this study aims to address:

RQ1: What are patients and carers’ preferences regarding
features of the app for wound management?
RQ2: What are HCPs’ attitudes in using a wound imaging
app?
RQ3: What are HCPs’ preferences regarding features of the
app for wound management?
RQ4: What are HCPs perceptions in using a wound
imaging app for clinical practice and diverse patients?

Methods

Design, setting and ethics

Semi-structured interviews were conducted via video tele-
conferencing between June and October 2021. Interviews
were conversational in nature, and items were not asked
verbatim or in the order presented in the interview guide
(Supplemental A, B and C). Purposive maximum variation
sampling was used to select participants with differing attri-
butes such as ethnicity, education and employment and
whether they have previously used their phones to take
photos of their foot wounds. This provided us with a
better representation of the Singapore population and
ensured heterogeneity to capture common themes related
to the wound imaging app. Participants were recruited
from a primary polyclinic network and two tertiary hospi-
tals in Singapore. Ethics approval was obtained from the
local institutional ethics board (National Healthcare
Group DSRB reference: 2020/01347).

Study participants

There were three categories of participants patients with
diabetes, carers of patients with diabetes and HCPs.
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Inclusion criteria for patients were: aged 21 years or
above, community-dwelling, can speak either English or
Mandarin, has diabetes (self-reported by the participants)
and affected by DFU for more than 3 months. Exclusion cri-
teria were persons with severe mental illness who lack the
capacity to self-care and participants with severe communi-
cation difficulties. Inclusion criteria for carers were: they
must not be professionally qualified (family member,
friends, domestic helpers), 21 years or older, can speak
either English or Mandarin (both are commonly used lan-
guages in Singapore) and directly involved in the
day-to-day care of community dwelling patients with
DFU for at least 3 months. HCPs consisted of various repre-
sentatives from the multidisciplinary management of DFUs.
This includes surgeons, primary care physicians, nurses,
podiatrists and diabetologists from a primary care poly-
clinic network and two tertiary hospitals in Singapore.

Data collection

Upon obtaining informed consent, patients and carers were
required to complete a brief sociodemographic survey. For
patients and carers, an individual interview was arranged.
For HCPs, the interviews were conducted through focus
group discussion comprising four HCPs per group.
Participants were notified that the interview was audio
recorded. HCPs were presented with a single video, while
patients and their caregivers were shown a separate
two-part video, with the purpose of providing them an
orientation to the InSight app (eKare Inc, Virginia, USA),
as an example of a wound imaging app (Supplemental D).

As per International Organization for Standardization
(ISO) 9241-210 definition of human-centred design, our
approach to systems design and development aimed ‘to
make interactive systems more usable by focusing on the
use of the system and applying human factors/ergonomics
and usability knowledge and techniques’.23 Hence, within
these qualitative semi-structured interviews were conducted
with flexible prompt guides to help facilitate discussions.
For interviews with HCPs, they were asked about their
demographics (year of experience in wound care and job
title), proposed implementation of wound app, perceptions
towards challenges for adoption, and factors that will facili-
tate adoption and preferences regarding features of the app
for wound management. For interviews with patients and
carers, open-ended questions were asked around topics
such as their current usage of mobile apps, their views on
the app and any improvements they would like to see that
could encourage them to use the app.

In each interview, a notetaker was assigned to observe
and give a high-level description of what transpired
during the interview, including both participant feedback
and any important moments in the discussion. A post-
interview memo was written after each interview session
as a reflection by the notetaker. The interview notes and

post-interview memos were used as references during the
data analysis.

Data analysis

To increase the trustworthiness of our study, we have
implemented several strategies to improve credibility, trans-
ferability and confirmability. Firstly, we transcribed the
audio recordings in full verbatim and included time
stamps. For interviews conducted in Mandarin, the audio
recordings were transcribed in their original language and
then translated to English. This approach ensured the accur-
acy of the data and improved the transferability of the study
by providing a clear methodology for analysing the data.
Secondly, we conducted a thematic analysis to identify
common themes, which enabled us to group the large
amount of data obtained from the in-depth interviews into
meaningful categories. We generated an initial coding
scheme based on key thoughts from the participants, and
then sorted the codes based on their relationships to each
other. Team members reviewed the transcripts multiple
times to achieve a thorough understanding of the interviews
and extract the deeper meanings in them. This approach
improved the confirmability of the study by demonstrating
a systematic and transparent approach to data analysis.
Finally, we grouped the emergent categories from the
data into meaningful clusters representing the major
themes and subthemes of the study. By implementing
these strategies, we were able to increase the trustworthi-
ness of our study and provide reliable and valid results.

Results

Patient and carers

A total of 20 patients and five carers were included in this
study. The mean age of patients was 61± 9, while the
carers were younger with a mean age of 45± 17. All the
carers and 90% of the patients had at least a primary
school education. A total of 45% of patients and 40% of
carers were employed at the time of the interview. Half of
the patients have previously used their phones to take pic-
tures of their foot wounds. The patient and carer demo-
graphics are outlined in Table 1.

Patients and carers who participated in the study were
open and positive to the concept of a patient-owned
wound imaging system for DFU care. The participants
expressed their perspectives on personal experiences and
preferences in relation to application usage. From the parti-
cipants’ views and experiences (RQ1), four key themes
were identified: (1) technology, (2) application features
and usability, (3) feasibility of using the wound imaging
application and (4) logistics of care. Table 2 summarises
the key themes along with their subthemes and specific
examples.
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Technology

Technology is a major theme identified in this study and
determines the acceptability of introducing a new app to
the patients and their carers. In addition, a common sub-
theme of internet and smart phone accessibility surfaced.

Contrary to popular belief that the elderly are not techno-
logically savvy, most participants had internet access and
were using smartphone apps for daily usage with differential
needs including online shopping and communication with
family and friends. Social media plays a significant part in
patients and carers’ daily routines as most of the patients used
their smartphones for interactionpurposes. For example, differ-
ent social media usage was discussed, such as Facebook,
YouTube,Messenger, Instagram, Twitter,WeChat and Zoom:

"Facebook, I have mine, my wife will see what the news is
in Singapore."

"I have like this Zoom app, I have a lot of crazy app,
Twitter. I have my Signal, I have my Telegram, I have
my WeChat, I have my WhatsApp."

A few participants found their smartphones useful for
health purposes, but mainly for scheduling their medical
appointments:

"And then the HealthHub, normally I go for my appoint-
ments on this, yeah"

However, there were also some participants who felt reluc-
tant in using an app due to the lack of technological literacy
skills:

"Because why I’m, I’m not very, very good using the
phone."

Application features and usability

Another theme that surfaced from the participants’ experiences
and preferences is application features and usability.
Componentsof this themeareeaseofuseandpreferred features.
The participants expressed that the ease of usewas vital. In fact,
one of the participants felt very positive about using a wound
imaging app. However, she expressed the need to make it
simpler for older users, such as step by step prompts on
which buttons they should click to perform a certain function:

"I’m actually quite impressed with the apps that I,…, about
the wound care-thing. Uh, uh, I think it is, it’s the simpler it
is, the better it is because, like I said, most, most diabetic
people with wounds are normally above 50 and above,
most of the time."

Most of the participants recommended features that will be
useful in the app. One such preferred feature addresses the
need for more information on foot care through the images
shared with their HCPs. Currently, patients get their informa-
tion provided by different specialties and can sometimes be
confusing if not consolidated well. Hence, another preferred
feature is a readily accessible repository of patient education
information such as source and causation of the wounds, diets
to be adopted to avoid further deterioration of the infection.

"More information. Because it takes a long time for the
wound to heal. Everybody wants to know how fast can
you heal the wound and what other things can help.
Which other things… I, I look forward to."

The participants also preferred to have more language
optionswithin the app tocater touserswhoseprimary language
is not English. In Singapore, it is not uncommon for patients
with DFUs to hire foreign domestic helpers as carers. In
these cases, English is usually not their first language, and

Table 1. Sociodemographic characteristics of patients and carers.

Characteristics
Patient
(n= 20)

Carer
(n= 5)

Age, Mean (SD) 60.9 (9.45) 44.8 (17.09)

Sex, n (%)

Male 15 (75.0) 1 (20.0)

Female 5 (25.0) 4 (80.0)

Ethnicity, n (%)

Chinese 13 (65.0) 1 (20.0)

Malay 2 (10.0) 2 (40.0)

Indian 5 (25.0) 1 (20.0)

Education level, n (%)

No formal education 2 (10.0) 0

Primary 3 (15.0) 1 (20.0)

Secondary 7 (35.0) 3 (60.0)

Tertiary 8 (40.0) 1 (20.0)

Employed, n (%) 9 (45.0) 2 (40.0)

Previously used own phone to
take pictures of foot wounds?
n (%)

10 (50.0) 1 (20.0)

Categorical variables are presented as n (%) and continuous variables are
presented as mean (standard deviation).
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more languageoptionswoulddefinitelybebeneficial.Hence, it
is also important to look into providing language options for
carers because as mentioned above, some patients with
DFUs, especially those with physical disabilities, require
their carers to help them take photos of their wounds.

Feasibility of using the wound imaging application

The theme of feasibility of using the app was gathered
during the participants’ discussions. This is further

crystallised into subthemes, such as acquiring the habit of
taking wound images, acceptance and non-acceptance of
the app usage, challenges in taking photos of the wound
and assurance about the benefits and usage of the app.
Most of the participants do not have the habit of taking pic-
tures of their wounds. It was normally done by the podiatrist
at the clinic or hospital during the visit.

"So far it’s all taken by the, the, the podiatrist, yeah."

Table 2. Themes with specific examples from patients and carers.

Theme Subtheme Specific examples for each theme

Technology Internet and smartphone
accessibility

• Most patients had internet access and were already using smartphone
applications such as WhatsApp or Facebook on a daily basis for
communication and interaction with friends.

Health and technology
literacy

• Some patients were reluctant to use the application due to their lack of
technological literacy skills.

Application features and
usability

Ease of use • Participants expressed the importance of the application being easy to
use especially for older users, which also tends to be a larger
proportion of patients with diabetic foot ulcers.

Preferred features • Some patients requested for features such as the application being a
place they can acquire information on foot care such as how they can
avoid further deterioration of the infection. • Others suggested that
more language options would be useful for users whose first language
is not English; this would also include those with foreign domestic
helpers who help to care for patients with diabetic foot ulcers.

Feasibility of using the wound
imaging application

Habit of taking wound
image

• Most of the participants did not have the habit of taking pictures of their
own; most of the pictures were taken by the podiatrist in the clinic or
hospital during the visit

Acceptance • Most of the participants expressed acceptance and interest in using a
wound imaging application that would help them in monitoring and
taking care of their wound condition. • Most of the patients agreed to
follow up on doctor’s instructions on taking photos of their wound
through the application.

Challenges in taking
photos of the wound

• Many patients experienced difficulty when taking photos of the wound
due to visual impairments or physical disabilities. • Many of these
patients are receiving support from their family in terms of cleaning and
dressing their wound.

Logistics of care Time saving and flexibility • They also felt this flexibility was useful for remote monitoring especially
during the COVID-19 pandemic, allowing them to share wound images
with their HCPs without going to the clinic. • Moving forward, the
patients believe that the application would be able to help them save
time normally spent making appointments or travelling to clinics.

Preference for in-person
consultations

• Some patients would still prefer in-person consultations as they feel that
they would receive better quality of care if their HCP is able to see the
wound in person.
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"Only the, the doctors and the nurses do the taking of the
photo."

This might be a potential barrier in the initial stages and
it would be important to reduce the learning curve so that
participants would be open to learning and developing the
habit of taking images of their wounds. Despite this,
when asked if they would be willing to learn how to use
the application, most of the participants expressed accept-
ance and interest in using a wound imaging app that
would help them in monitoring and taking care of their
wound condition. Most patients agreed to follow up on
doctor’s instructions on taking photographs of their
wound by using an app:

"If I’m being told so, by my doctor or the specialist told me
to do that, I think I would follow through… my personal,
ah, conclusion is that I, would use the experts like doctors
you know. Because they would be the best people to tell
me how to manage."

Another subtheme uncovered by the study was the
challenges in using the wound imaging app to capture
images. In order for patients to take a photo of the
wound on their foot, they would need to get into an
ideal position and be able to visualise the wound relatively
clearly. Most patients with visual impairment or other
physical disabilities experienced challenges in taking
photographs of the wound, especially since the wound is
on the sole of foot. Because of these challenges, most
patients revealed that they required support from family
members, carers or HCPs. One participant explained that
nurses and his children were primarily engaged in cleaning
and dressing the wound:

"My children, uh, my siblings, um, even the nurses, uh,
those take care of me,… before the wound nurse we
engage, before that, my daughter is the one who do the
cleaning for me and dressing up the wound."

"And due to their age:"

"But very old people, those old-timers, maybe they have
problem. Maybe their kids must help"

This view was also upheld by one of the carers of a
patient with DFU:

"Uh, I think uh, it’s very difficult for her to take photos
herself because she lost her, uh, right eyesight. […] So
she cannot see very clearly. And then, uh, it’s very hard
for her to take a picture on her own."

This shows that it might be quite difficult for patients,
especially the elderly or those with more disabilities, to
take photos of their own wounds and might require help
from a caretaker in order to take a clear and accurate
picture of their wound.

Some patients mentioned that they would be more
inclined to use the app if they understood how the app
can benefit them.

"I, I wouldn’t know [unclear] because I just take a picture
and then I just compare. I don’t know how is that going
to help me, help me, I don’t understand."

"How, how are you going to help us by taking photo? What
other benefits I, I get and so on?"

Other patients needed assurance that they are using the
app correctly before committing themselves to do it, pos-
sibly because they are afraid that they would jeopardise
the clinical information given to HCPs that can in turn
lead to poorer management of their DFU.

"If I learn how to, if I know how to use it, yes, I will do it."

Logistics of care

The logistics of care was another theme that was dis-
cussed by the participants. The first subtheme in logistics
of care is on time saving and flexibility. Patients believed
that such an app may allow them to save time normally
spent making appointments or visiting the clinics for
their dressings. During the COVID-19 pandemic, it may
offer flexibility through remote monitoring by sharing
the photographs of the wounds with HCPs without neces-
sitating clinic visits:

"Even sometimes, like, for, for this pandemic, if I have to
stay home, I don’t go, so that at least I can still check on
my wound more regularly."

However, other patients had a preference towards in-person
consultation and only wanted to use the app if there was no
other way to see a doctor:

"But it will be much more better if you yourself go there
and, uh, let the doctor look at it and take photos. I think it
will… It, it really will help to see what really is lah…
This [remote consultation] is the second, second option
lah. If you cannot go then, you can use the Zoom lah or
take photos lah."

An interesting finding is that younger patients tend to
value the convenience of a wound imaging app, while
older patients prefer having in-person interactions with
their HCPs.
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Healthcare providers

This study enrolled 20 HCPs, of whom six were primary
care providers and 14 were tertiary care providers, includ-
ing five surgeons, three primary care doctors, five nurses,
five podiatrists, and two diabetologists (Table 3).

There were four major themes identified to address our
research questions: (1) attitudes towards wound imaging
application for RQ2, (2) preferences regarding functionality
for RQ3, (3) perceived challenges for patients/carers and (4)
perceived barriers for HCPs for RQ4. Table 4 summarises
the key themes along with their subthemes and specific
examples.

Attitudes towards wound imaging application

The attitudes towards wound imaging applications were
discussed, further broken down into the attitudes regarding
the sharing of information among HCPs, quality of wound
assessment and documentation, remote monitoring and
early detection and the use of the application in promoting
patients’ compliance. All HCPs were generally supportive
of the wound imaging application.

HCPs agreed that wound images enable effective infor-
mation sharing across various disciplines such as medical,
nursing and podiatry. Additionally, it facilitates information
sharing smoothly across institutions from primary care to
tertiary care. This unfettered information sharing is import-
ant as DFU patients often alternate between primary and
tertiary institutions for their wound care dressings and
reviews. Currently, there is no wound imaging system
shared securely within healthcare cluster’s electronic

medical records, and this will greatly enhance wound
assessment and documentation.

"I actually… I think that having patient owning the app
actually transcends all boundaries of IT barriers, so they
can be from SingHealth cluster, NUH cluster. GPs who
doesn’t own anything, they can all view the, the wound pro-
gression together with the patient."

Some HCPs felt that having objective measurements
would support the seamless and smooth documentation
across various HCPs in different institutions, giving
HCPs greater confidence in wound management. This
would be important for standardising the documentation
of wound care since HCPs have different trainings and
calibre.

"And it helps with our documentation, right, then I think
that will help to save time. And if it synchronises well
with the current electronic medical record system that we
are using, then I think that, that would be very beneficial.
And I think the AI, probably, has more standardized way,
as compared to different clinicians […]"

"I, I think the, the big advantage is the fact that the wounds
are serially documented. In a public healthcare setting, the
doctor seeing it may not always be the same person who
saw who saw previously. So, it is good to have the reference
point, so yeah."

However, there was also some scepticism regarding the
validity of the artificial intelligence.

"We must be reassured of the validity of the AI because I
think there’s quite a few systems out there, and some of
them claim that they are able to classify the various struc-
tures. But if, if they even.. If they say they could, uh, how do
I know that they really could identify the structures
correctly."

HCPs felt that the regular and remote monitoring of
DFU due to its convenience will enable early detection
of wound deterioration. Additionally, it would also help
save time for the patients and reduce waiting times in
the hospital.

"Ah, actually a lot of the diabetic foot, it will be adequately
managed at home if they are young, ah, and with the tech-
nology. They’re able to take accurate picture and send for
reference or for some care advice. That’ll be great, because
you find that they’re all working, and they got no time to
actually come to hospital, and each time when they come
to hospital, they have to wait a long time."

Table 3. Characteristics of healthcare providers (HCP).

Characteristics Healthcare providers (n= 20)

Level of care

Primary care 6 (30)

Tertiary care 14 (70)

Profession

Surgeons 5 (25)

Primary care doctors 3 (15)

Nurses 5 (25)

Podiatrists 5 (25)

Diabetologists 2 (10)

*Categorical variables are presented as n (%).
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Table 4. Themes with specific examples from healthcare providers (HCP).

Themes Subthemes Specific examples from each theme

Attitudes towards wound
imaging application

Enable sharing information among
HCPs

• Patients will be able to share their wound progression to any
medical professional they are consulting, without the problem of
this information being stuck in a specific healthcare institution.

Wound assessment and
documentation

• The software algorithm might be able to standardise the
documentation of the wound compared with various healthcare
providers.

• However, there is some scepticism regarding the validity of
the artificial intelligence.

Remote monitoring and early
detection

• Convenience of monitoring using the application can aid in
early detection and lead to better outcomes.

• Convenience of remote monitoring can help save time for
patients and also reduce waiting times in the hospital.

Promote patients’ compliance • Improved patient education and they will be able to take
greater ownership of their condition.

Preferences regarding
functionality

Prompts • HCPs suggested in-built prompts to remind patients and carers
on scheduled wound care or wound surveillance timings.

• Some providers felt that an SOS ‘return advice’ might be
useful for the patient.

• However, some also feel like it might place additional burden
on the healthcare system if not implemented properly and easily
triggered.

Visual representations and
identification of wound
characteristics

• HCPs felt it would be beneficial for the application to help
record details of the wound.

• Some providers requested for the function of comparing with
the previous wound as well as a possible graph to show the
wound progression.

• Other providers hoped that the patients and carers will be
able to upload multiple images so that they can get an accurate
representation of the wound despite not being able to see it in
person.

Accessibility features • providers were mainly concerned about whether patients and
carers will be able to use the application in terms of language as
well as text size. They suggested adding more languages, ability
to increase font size as well as audio instructions.

General information, diabetic and
wound care plan

•Most HCPs felt that the main aim of the application would be for
the patients to document their own wound image.

• Some HCPs also suggested that it might be good for the
application to incorporate the diabetic and wound care plan or
provide some bite-sized information to help patients manage
their diabetes and wound, while others felt like this might be too
overwhelming for the patient.

Perceived challenges for
patients/carers

Suitability of user • HCPs felt that this application might not be suitable for patients
who have visual impairment or other comorbidities that make it
hard for them to take a good quality photo.

• Others also mentioned that the application would only be
suitable for more stable patients and not those with more serious

(continued)
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"Yes, because there are times where the patients cannot
come for wound reviews or they have difficulty coming.
Such apps would help us, as the other… The other people
have mentioned, so early detection, uh, of any complica-
tions for the wounds."

Most also agree that proactive wound monitoring will
help improve health literacy and promote patient compli-
ance to wound care management as it encourages patients
to take greater ownership of their condition.

"Actually, we empower the younger patient, and actually
with this available, the photograph, to able to contact the
healthcare ASAP. […] So, it would be good, so it would
be good to actually have this system, to actually empower
the patient to take care of themselves and have the health-
care system to actually support them at home."

Preferences regarding functionality

HCPs have various preferences regarding the functionality
and features of the application, including in-app prompts,
the AI’s ability to identify wound characteristics and
compare it with previous wounds, additional information
for patients and adjustable app settings in terms of changing

the language or increasing the font size. These preferences
were mainly related to improving the user experience for
the patient as well as the quality of medical information
that they can get from the wound image, while not over-
loading the patient or the healthcare system.

There were also suggestions by HCPs to build prompts in
the app to remind the patient-carers on wound care or wound
imaging schedules. Additionally, some providers also felt
that an SOS ‘return advice’ might be useful for the patient:

"You know they may forget about using it, I don’t know if
anyone would be there to like, give them reminders, I
think that might be helpful."

"I’m just thinking whether SOS kind of information would
be useful, what do you look out for if you do see this,
this, this, please approach your doctor, or something. Ya,
so at least they know when to escalate, in terms of the
deterioration of the wounds. […] Mm, I think if it’s used
correctly, then I think it would be useful."

On the other hand, there were also concerns that the SOS
prompts may cause additional burden on the healthcare

Table 4. Continued.

Themes Subthemes Specific examples from each theme

wounds, which might require more invasive management such
as an amputation.

Acceptability • HCPs felt that patients would appreciate the convenience of
managing their wound from home.

• However, the consensus is that they might face more
resistance from the elderly patients who are not so open to using
technology.

Compliance • HCPs felt that the application might suit individuals who are
more compliant and tech savvy but will not be suitable for
individuals who are more nonchalant about their condition.

Perceived barriers for
HCPs

Compatibility with electronic medical
records (EMR)

• HCPs were concerned about the integration of the application
with the hospital’s EMRs, which might lead to more time being
wasted in the process.

Wound image quality • providers were worried about how the angle or lighting might
affect the quality of the wound image and consequently the
overall accuracy of the analysis

• One provider commented that the wound image might not be
an accurate representation without prior cleaning and
debridement.

Cost • Many providers were worried about the cost of the application
and whether the cost will fall on the healthcare institution or the
patient.
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system if not implemented properly and unnecessarily
triggered.

"It would place unnecessary stress. On the other hand,
whoever is receiving the SOS."

"So, if… I mean, really, if there’s a case for this SOS button,
it’s good to, maybe, have some questions prior to that, lah.
Like are you experiencing any [unclear] or increasing dis-
charges, and so on, before you press SOS button."

HCPs also felt that visual representations and identifica-
tion of wound characteristics will inform patient-carers of
their wound progress. As the wound is not visualised and
examined in-person by the HCP, having the prompt and
the ability to upload multiple images would allow a more
accurate assessment of the wound, instead of just a single
picture and view of the wound.

"Yeah I think sometimes when the, ah, especially if it’s only
one wound image, um, you don’t really get an accurate
representation of what the wound may be like. […] So, I
don’t know if like, you could add more pictures to it, like
one of it, one of the wound, one of the foot, and then one
of the front of the foot, then you may be able to understand
a bit more about."

HCPs also opined that it would be beneficial for the
application to help record details of the wound. In addition,
suggestions were made for the app to have push notifica-
tions, upon receipt of wound updates to HCPs; email
reports; dashboard; utilization of AI algorithms to highlight
deteriorating wounds such as an increase in size, worsening
wound characteristics or any reported symptoms such as
pain, fever, smell, redness or discharge.

"I think the app itself, right, can, can help in recording the
wound details, like the wound description, for example,
how many percent granulation, how many percent
slough, and identify bone."

Additionally, some HCPs wanted a functionality where
they could compare the wounds with previous images to
trend the patients’ recovery.

"But in terms of progress, will there be a graph to show,
you know, the, the wound size coming down?"

"It will be good if the only measures can be set by the pre-
vious wound and the latest wound then you can at least
visually compare. Then if the details of the wound can be
also side by side, that’ll be very useful."

In terms of accessibility, providers were mainly con-
cerned about whether patients and carers will be able to
use the app with reference to language as well as text
size. They suggested adding more languages, ability to
increase font size as well as audio instructions.

"Because I think the ability to adjust the font size and
choose the language, right, in the mother tongue, so it
would be quite important."

"Um, but I think the problem is that those people with ret-
inopathy, they probably can’t see very well. Like, the words
or the instructions to follow, so maybe if you have, like,
audio… Like, you know, an audio aspect to it, it might
help lah."

With regard to additional features outside of wound
imaging, most HCPs felt that the main aim of the applica-
tion would be for the patient to document their own
wound image.

Some HCPs also proposed that the app incorporate the
diabetic and wound care plan, and provide some bite-sized
information to help patients manage their diabetes and
wound. They felt that providence of diabetic and wound
care plans will help educate patients/carers and improve
health literacy.

"I think some basic education would be good, but it’s more
that I think it shouldn’t be a new knowledge kind of thing. It
should be for reinforcement because I suppose this group of
patient would have seen a healthcare professional before
embarking on this app, right? So it should be, like, basic
diabetes… Uh, basic wound care… Wound care advice
that they just need to follow. […] Um, I think diabetic
care plan, it’s, uh… It’s good to have a brief overview
for, for them lah so that they know how, um… You know,
that all, all… Like, this… All these matters lah, you know,
your blood sugar control."

"I think simple, bite-sized information like what dressing to
use, when to change when it’s soaked."

On the other hand, some felt that it is important to strike
a balance so that it is not too overwhelming for the patient
and that the application should focus on its main goal of
wound imaging.

"Because if it’s too overwhelming, sometimes, they would
just decide not to receive any. Ya. So, for diabetic care
plan, I mean, maybe not necessary for patient with
wounds going on because it might be too much for them."
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"I just want to see wound image. What dressing is being put
on, and what is the plan for the wound. Because it is a
wound app, need to focus the wound app."

Perceived challenges for patients/carers

Most HCPs were concerned with potential perceived chal-
lenges for patients/carers. These ranged from physical chal-
lenges due to the patients’ physical disabilities, to mindset
challenges due to the patients’ hesitance or non-compliance
to using the wound imaging app.

With regard to suitability of user, application adoption
will require a select group of patients and carers who are
willing, possess smartphone/internet access and able to be
adequately trained. HCPs felt that this application might
not be feasible for patients who have visual impairment
or other comorbidities that may result in a poor quality
photograph.

"Um, yeah, for the patients that I’m seeing, I think they
would find it quite challenging, because they’ve got mobil-
ity issues, they can’t bend, the eyesight is very poor as well,
don’t know if they’ve got that kind of support."

Others also mentioned that the application would only be
feasible for more stable patients and not those with more
serious wounds, which may result in adverse outcomes
such as an amputation.

"The patients… The patients who are suitable are those
with very stable wounds. They come every one to two
months just to ensure… Just for us to ensure that the
wound is recovered. Wounds can partially be managed
either by podiatrist or by the polyclinic nurses, so these
are the subset of patients that are suitable. Those that are
not suitable are those whereby the wounds are questionable
and those who are pending amputation but patient is, like,
deciding."

In terms of acceptability, most HCPs felt that the patients
would appreciate the convenience of managing their wound
from home:

"I definitely feels that, uh, our patients will see a role in
having wound app in… Using wound app in future
because we… For, for, for our team, we already have
patient taking photo and send it, WhatsApp to us, and ask
us for opinion on how to manage the wound […] This is
the trend, and it actually minimise patient from coming
back to hospital, so nowadays, patients are… They are
very independent. They wanted to do their own self-care
at home […]"

However, they also anticipated possible resistance from the
elderly patients who may be averse to technology.

"And, and, also, on the receiving end for elderly, I’m not
sure how receptive they are with regards to the tech
itself. Because quite, quite a lot of elderlies, you know,
they are still quite lacking in the tech idea."

This might pose as a significant problem because a large
majority of the patient group is elderly.

"So, for the patient wise, I would say majority of our patient
groups here, I mean, for diabetic, or our supervision, they
are pretty old and, and lack of caregiver sometimes. So, I
think the accepting level should be quite low in our
Polyclinic."

Non-compliance is another important challenge that can
hinder the effectiveness of the app. Most HCPs agreed that
the app might suit individuals who are more compliant and
tech savvy.

"So, those people who are quite engaged in, you know, their
wound health status, probably would be useful. And of
course, people who are tech savvy […]"

However, some shared their concern that compliance to
application utilization may be a challenge, as this wound
app requires one to cultivate the habit of taking wound
images. As such, they agreed that the app would not be suit-
able for individuals who have poor compliance or are gen-
erally more nonchalant about their condition.

"However, there are a small subset of patients who have
very poor compliance, very poor social support, and I
would not recommend this for."

Perceived barriers for HCPs

There were several barriers that HCPs felt could limit the
effectiveness of the wound imaging app. This included a
wide range of factors, including integration with the exist-
ing healthcare system and cost to the quality of the
wound image and risks of worsening patient outcomes if
wound deterioration is missed.

Application compatibility with existing electronic medical
records (EMR) system is a major concern, with all the HCPs
concerned that more time would be needed to navigate the
complex process of integrating the app to hospital’s EMRs.

"Compatible or not with your system is another concern.
So… And personally, I feel, also, whether it is really time-
consuming, and all this thing is another issue for us
because due to the patient load and everything."

"Time consumption is definitely an issue because from my
understanding of previous platforms, because it’s not that
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compatible, we actually have double work that we actually
do some data entry into the app."

With regard to diagnostic accuracy, HCPs felt that the
wound image quality, accuracy of wound description, mea-
surements and additional wound-related questionnaires
such as pain, fever, smell, redness and discharge will be
pertinent. Some HCPs were concerned about how the
quality of the camera, angle or lighting might affect the
quality of the wound image and consequently the overall
accuracy of the analysis.

"I feel that the person taking the, ah, ah, quality of the
camera, how easy for the, how easy for the, the patient is
the potential family member, can he actually reach and,
and take a good shot of the wound. And also, ah, family
member lighting may not be optimum and that can translate
to poorer picture and affect the analysis."

Another HCP pointed out that the image of the wound
might not be an accurate representation without the prior
cleaning and debridement, which is occasionally done
when the patient comes in for a face-to-face visit.

"Uh, we need to be quite careful with that because I think,
especially with diabetic foot ulcer, sometimes it’s very…
It’s not very clear where the wound is, and sometimes
without all the cleaning and debridement, you know,
taking a photo of it doesn’t tell you much at all what’s
going on underneath."

Finally, there were also queries about the cost of the
wound imaging system, both to the healthcare system and
to the patients.

"Then I will also think that costs, whether there will be any
cost impact. So, whether it’s through organisation or
through patients. Now, whether this additional cost of the
tool will be transferred to the patients as well."

"And secondly, also, the maintenance of the system,
whether or not it will take a lot of cost to maintain."

Discussion
In general, using a novel patient-owned wound imaging
system for DFU monitoring is positively received and per-
ceived to be feasible and efficacious in DFU care. Patients
and carers were more focused on the benefits of conveni-
ence and potential time saved from wound imaging and
remote monitoring. HCPs not only agreproed that there
are benefits of convenience and reduced waiting times but
were also excited about the possibility of sharing informa-
tion with other HCPs for better continuity of care.

We also elicited several potential barriers that might
reduce the adoption or effectiveness of a wound imaging
app. Patients and carers were mostly focused on the
general usability of the app, including uptake rate
amongst the elderly. In our study, the elderly patients
with diabetes tend to have more mobility, visual and lan-
guage barriers. These challenges were also mentioned in
previous studies and hence should be taken into account
when developing this app.20,24,25 The ease of use was
also an important factor found in previous studies to influ-
ence the rates of adoption especially among elderly
patients.24,26,27 Ease of use can encourage early adoption
among the elderly who are not well versed with technology.
This can prevent early negative experiences that might deter
the usage of the app.28 These sentiments were also echoed
by HCPs. Fortunately, most of these barriers have the
potential to be resolved, for example, by adding different
languages and creating a more user friendly application.

However, there were several barriers that will require
some workarounds. Firstly, HCPs were concerned about
the quality of the images and whether sufficient wound
assessment can be achieved by visualisation alone without
other factors such as temperature or smell.19 Secondly, in
concordance with other studies,20 we found that some of
the older patients preferred in-person interactions with
their doctors and preferred face-to-face consultations. This
could be because the elderly is not as pressed for time as
compared with those who are still in the workforce and
thus values in-person interactions with their doctors more.
Lastly, some HCPs were concerned about the integration
of the wound care app into the healthcare system’s elec-
tronic medical records for documentation as well as the
cost of maintaining the application. Although previous
studies done in the Canadian healthcare system has found
telemonitoring to be a cost-effective way for the manage-
ment of DFU,29 there has yet to be any studies done in
the Singapore healthcare system.

Implications of wound imaging system

A shift in research priority from silo-ed hospital treatments
to innovative integrated community prevention is critical to
address the high DFU burden. The widespread uptake and
acceptance of wearable and digital health technologies
gives us an opportunity to empower patients in their self-
care of DFUs and effectively implement remote monitor-
ing.30 It is anticipated that the technological apps may
help patients with DFU to strengthen their communications
with clinicians.31 A wound app will allow the integration of
data information through image capturing, sharing, check-
ing, recording the progress and stimulate best practices of
self-care. These attributes were followed by recommenda-
tions from associated studies.32–34 The findings of this
study provide insights into the facilitators and barriers in
the use of a wound imaging app for DFU management.
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Previous studies have found wound imaging systems to be
useful adjuncts in the monitoring of DFUs with most of
these systems reporting high accuracy in wound measure-
ment, with some found to be superior to traditional
methods of wound assessments.35

Telemedicine in DFU care has also been well-received
and found to be valid, reliable and feasible.36,37 While
many of these technologies are still in infancy, the
COVID-19 pandemic and current unmet needs to decentral-
ise care for patients with DFU have accelerated the uptake
of digital health, smart wearables, telehealth technologies
and ‘hospital-at-home’ care delivery model. These tech-
nologies can potentially be adopted at scale to improve
the remote management of DFUs by triaging those who
need to be seen in outpatient or inpatient settings, and sup-
porting acute or subacute care at home.30 Hence, if future
developments can integrate this app with the national elec-
tronic medical records system and increase uptake amongst
local patients, patients will be empowered to monitor their
own wounds but still have expedited clinical management
when necessary. This will lead to improved patient out-
comes and increased cost-effectiveness for the healthcare
system.

Strengths and limitations

There are several strengths of this study. First, this study is
based on a diverse sample of participants, including patients
and carers from different backgrounds representing the
multi-ethnic diversity of patients in the Singapore popula-
tion. The interview with HCPs also included various per-
spectives by presenting the views of a multidisciplinary
team including surgeons, primary care doctors, nurses and
podiatrists, all of which play an important role in the man-
agement of DFU. This human-centred approach ensures
that the needs and challenges of the various stakeholders
involved in the management of DFU are taken into consid-
eration in the development of the wound imaging app. The
adoption of this co-design approach has been promoted to
ensure that collective knowledge drives the improvement
of healthcare.38,39 This would help to prevent potential pro-
blems like patients becoming too overburdened by the app
and not using it entirely.40,41

However, one limitation of our study is that the partici-
pants were asked to provide their views on a patient-owned
wound surveillance application that they had not yet had the
opportunity to experience and their perceptions were based
on the 1-min video of the app orientation as an example of a
wound imaging app. Research suggests that behavioural
intentions and views of digital technology can change as a
result of experience with technology.42,43 Thus, the examin-
ation of participants’ actual experience with the app and their
views before and after using it would have provided a more
in-depth understanding of the app’s acceptability and per-
ceived benefits. Future studies could address this limitation

by exploring participants’ views following their actual use
of the app. Another limitation is that our study was theory-
driven, guided by the authors’ clinical and research experi-
ence in DFU care. Although previous studies have used the-
oretical models such as the unified theory of acceptance and
use of technology (UTAUT) and/or a mixed design to evalu-
ate patients’ or HCPs’ views of digital technology, the use of
such models within the literature for DFU care is limited.

Future directions

As part of the ePOWS study (efficacy of a patient-owned
wound surveillance system for DFU care), we will utilise
findings from the current study to customise the wound
imaging app for use in the local population as a patient-
owned wound imaging system for patients discharged
from tertiary institutions, after diabetic limb salvage proce-
dures and optimisation of wound care. Future research can
also investigate the cost-effectiveness of a nationwide
wound imaging app that integrates with the various health-
care clusters in Singapore to improve the continuity of care
and ultimately better outcomes for patients.

Conclusion
Our study showed that patients, carers and HCPs are all
positive to a patient-owned wound imaging system. These
findings will help address concerns and tailor a DFU
wound app suitable for implementation in the local popula-
tion. As part of ePOWS study, we will proceed to clinically
evaluate the efficacy of a patient-owned wound imaging
system for patients with DFUs.

Acknowledgements: The study team wish to thank the efforts of
the patients with diabetic foot ulcers and their carers for
participating in the interviews. The authors also wish to thank
the efforts of the healthcare providers who are involved in
diabetic foot ulcer care (Dr Hong Qiantai, Dr Liew Huiling, Dr
Zhang Li, Dr James Siow Wei Xuan, Ms Lai Peiting, Ms Tan
Hui Min, Ms Tiffany Chew Wen Ying, Mr Kenneth Koh
Shi’En, Dr Desmond Ooi Guo Shen, Dr Jeremy Hoe Kian
Ming, Dr Shaun Chan Wen Yang, Ms Ang Poh Lian, Ms
Chelsea Law Chiew Chie, Ms Wong Wan Mun, Dr Elaine Tan
Yu Ling, Dr Jonathan Chong Ern-Ji, Dr Loh Yi Bing, Ms Su
Jie, Ms Lee Jiayu Samantha and Mr Nicholas Andrew Hulme)
for participating in the interviews.

Contributorship: Conceptualization and design: ZJL, BC, ET,
DO, HL, WHH, KW and JC. Acquisition of data: ZJL, BC,
YTC, NKS, MM, AN and VG. Analysis and interpretation of
data: ZJL, BC, YTC, KW, NKS, MM, AN, VG and JC.
Supervision: ZJL, ET, DO, HL, WHH, KW and JC. Validation:
ZJL, BC, ET, DO, HL, WHH, YTC, KW and JC. Writing –
original draft: ZJL and BC. Writing – review & editing: ZJL,
BC, ET, DO, HL, WHH, YTC, KW, NKS, MM, AN, VG and
JC. All authors approved the final version of the manuscript,

Lo et al. 13



including the authorship list and agree to be accountable for all
aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately
investigated and resolved.

Declaration of conflicting interests: The author(s) declared the
following potential conflicts of interest with respect to the
research, authorship, and/or publication of this article: KW is
Chief Medical Officer at eKare Inc. (USA).

Ethical approval: Ethics approval was obtained from the local
institutional ethics board (DSRB ref: 2020/01347).

Funding: The author(s) disclosed receipt of the following
financial support for the research, authorship, and/or publication
of this article: This work was supported by the Agency for
Science, Technology and Research (A*STAR) Skin Research
Institute of Singapore Skin Innovation Grant (SIG2002). eKare
Inc matched funding to Skin Innovation Grant (eKare had no
role in the design, execution, analysis or publication of this
study). National Research Medical Council (NMRC) Research
Training Fellowship Award (FLWSHP19nov-0015).

Guarantor: ZJL.

ORCID iD: Bryan Chong https://orcid.org/0000-0002-3565-7657

Supplemental material: Supplemental material for this article is
available online.

References
1. Armstrong DG, Boulton AJM and Bus SA. Diabetic foot

ulcers and their recurrence. N Engl J Med 2017; 376: 2367–
2375.

2. Pemayun TGD, Naibaho RM, Novitasari D, et al. Risk factors
for lower extremity amputation in patients with diabetic foot
ulcers: a hospital-based case-control study. Diabet Foot
Ankle 2015; 6: 29629.

3. Singh N, Armstrong DG and Lipsky BA. Preventing foot
ulcers in patients with diabetes. JAMA 2005; 293: 217–228.

4. Lin C, Liu J and Sun H. Risk factors for lower extremity
amputation in patients with diabetic foot ulcers: a
meta-analysis. PLOS ONE 2020; 15: e0239236.

5. Lo ZJ, Surendra NK, Saxena A, et al. Clinical and economic
burden of diabetic foot ulcers: a 5-year longitudinal multi-
ethnic cohort study from the tropics. Int Wound J 2021; 18:
375–386. 2021/01/27.

6. Lo ZJ, Surendra NK, Saxena A, et al. Clinical and economic
burden of diabetic foot ulcers: a 5-year longitudinal multi-
ethnic cohort study from the tropics. Int Wound J 2021; 18:
375–386.

7. Prompers L, Huijberts M, Apelqvist J, et al. Delivery of care
to diabetic patients with foot ulcers in daily practice: results of
the Eurodiale study, a prospective cohort study. Diabet Med
2008; 25: 700–707. 2008/06/12.

8. Flanagan M. Wound measurement: can it help us to monitor
progression to healing? J Wound Care 2003; 12: 189–194.

9. Oyibo SO, Jude EB, Tarawneh I, et al. The effects of ulcer
size and site, patient’s age, sex and type and duration of dia-
betes on the outcome of diabetic foot ulcers. Diabet Med
2001; 18: 133–138. 2001/03/17.

10. Bus SA, van Netten JJ, Lavery LA, et al. IWGDF guidance on
the prevention of foot ulcers in at-risk patients with diabetes.
Diabetes Metab Res Rev 2016; 32: 16–24. 2015/09/04.

11. OrtegonMM, RedekopWK andNiessen LW. Cost-effectiveness
of prevention and treatment of the diabetic foot: a Markov ana-
lysis. Diabetes Care 2004; 27: 901–907. 2004/03/30.

12. Barshes NR, Saedi S, Wrobel J, et al. A model to estimate
cost-savings in diabetic foot ulcer prevention efforts.
J Diabetes Complications 2017; 31: 700–707. 2017/02/06.

13. Garg S and Norman GJ. Impact of COVID-19 on health eco-
nomics and technology of diabetes care: use cases of real-time
continuous glucose monitoring to transform health care during
aglobal pandemic.DiabetesTechnolTher2021; 23: S-15–S-20.

14. Alcántara-Aragón V. Improving patient self-care using dia-
betes technologies. Ther Adv Endocrinol Metab 2019; 10:
2042018818824215. 20190128.

15. Wu C,Wu Z, Yang L, et al. Evaluation of the clinical outcomes
of telehealth for managing diabetes: a PRISMA-compliant
meta-analysis. Medicine (Baltimore) 2018; 97: e12962.

16. Ashrafzadeh S and Hamdy O. Patient-driven diabetes care of
the future in the technology era. Cell Metab 2019; 29: 564–575.

17. Al-Badri M and Hamdy O. Diabetes clinic reinvented: will
technology change the future of diabetes care? Ther Adv
Endocrinol Metab 2021; 12: 2042018821995368.

18. Foong HF, Kyaw BM, Upton Z, et al. Facilitators and barriers
of using digital technology for the management of diabetic
foot ulcers: a qualitative systematic review. Int Wound J
2020; 17: 1266–1281.

19. Wallace D, Perry J, Yu J, et al. Assessing the need for mobile
health (mHealth) in monitoring the diabetic lower extremity.
JMIR Mhealth Uhealth 2019; 7: e11879.

20. Boodoo C, Perry JA, Hunter PJ, et al. Views of patients on
using mHealth to monitor and prevent diabetic foot ulcers:
qualitative study. JMIR Diabetes 2017; 2: e22.

21. Kolltveit B-CH, Gjengedal E, Graue M, et al. Conditions for
success in introducing telemedicine in diabetes foot care: a
qualitative inquiry. BMC Nurs 2017; 16: 2.

22. Rasmussen BS, Jensen LK, Froekjaer J, et al. A qualitative
study of the key factors in implementing telemedical monitor-
ing of diabetic foot ulcer patients. Int J Med Inform 2015; 84:
799–807. 20150529.

23. Standardization IOf. Ergonomics of human-system interaction -
part 210: Human-centred design for interactive systems (ISO
9241-210). https://www.iso.org/standard/52075.html (2010).

24. Fischer SH, David D, Crotty BH, et al. Acceptance and use of
health information technology by community-dwelling
elders. Int J Med Inf 2014; 83: 624–635.

25. Davenport RD, Mann W and Lutz B. How older adults make
decisions regarding smart technology: an ethnographic
approach. Assist Technol 2012; 24: 168–181.

26. AlvaradoMM, KumH-C, Gonzalez Coronado K, et al. Barriers
to remote health interventions for type 2 diabetes: a systematic
review and proposed classification scheme. J Med Internet Res
2017; 19: e28.

14 DIGITAL HEALTH

https://orcid.org/0000-0002-3565-7657
https://orcid.org/0000-0002-3565-7657
https://www.iso.org/standard/52075.html
https://www.iso.org/standard/52075.html


27. LeRouge C, Van Slyke C, Seale D, et al. Baby boomers’
adoption of consumer health technologies: survey
on readiness and barriers. J Med Internet Res 2014; 16: e200.

28. Davis FD, Bagozzi RP and Warshaw PR. User acceptance of
computer technology: a comparison of two theoretical
models. Manage Sci 1989; 35: 982–1003.

29. Boodoo C, Perry JA, Leung G, et al. Cost-effectiveness of tel-
emonitoring screening for diabetic foot ulcer: a mathematical
model. CMAJ Open 2018; 6: E486–E494.

30. Najafi B and Mishra R. Harnessing digital health technologies
to remotely manage diabetic foot syndrome: a narrative
review. Medicina 2021; 57: 377.

31. BrownR, Ploderer B, SengD, , et al. MyFootCare: a mobile self-
tracking tool to promote self-care amongst people with diabetic
foot ulcers. In: 29th Australian Conference on Computer-Human
InteractionBrisbane Queensland Australia 2017, pp.462-466.

32. van Netten JJ, Clark D, Lazzarini PA, et al. The validity and
reliability of remote diabetic foot ulcer assessment using
mobile phone images. Sci Rep 2017; 7: 9480.

33. Price P. How can we improve adherence?Diabetes Metab Res
Rev 2016; 32: 201–205. 2015/10/11.

34. Kanazawa T, Nakagami G, Goto T, et al. Use of smart-
phone attached mobile thermography assessing subclinical
inflammation: a pilot study. J Wound Care 2016; 25:
177–180. 182. 2016/04/12.

35. KS C and Lo ZJ. Wound assessment, imaging and monitoring
systems in diabetic foot ulcers: a systematic review. Int
Wound J 2020; 17: 1909–1923.

36. Tchero H, Noubou L, Becsangele B, et al. Telemedicine in
diabetic foot care: a systematic literature review of interven-
tions and meta-analysis of controlled trials. Int J Low
Extrem Wounds 2017; 16: 274–283.

37. Hazenberg CEVB, aan de Stegge WB, Van Baal SG, et al.
Telehealth and telemedicine applications for the diabetic
foot: a systematic review. Diabetes Metab Res Rev 2020;
36: e3247.

38. Straus SE, Tetroe J and ID G. Knowledge translation in health
care: moving from evidence to practice. Hoboken: John Wiley
& Sons, 2013.

39. Rycroft-Malone J, Burton CR, Bucknall T, et al.
Collaboration and co-production of knowledge in healthcare:
opportunities and challenges. Int J Health Policy Manag
2016; 5: 221–223.

40. Lupton D.M-health and health promotion: the digital cyborg and
surveillance society. Soc Theory Health 2012; 10: 229–244.

41. Lupton D. I just want it to be done, done, done!’ food tracking
apps, affects, and agential capacities.Multimodal Technologies
and Interaction 2018; 2: 29.

42. Park SY. An analysis of the technology acceptance model in
understanding university students’ behavioral intention to use
e-learning. Journal of Educational Technology & Society
2009; 12: 150–162.

43. Venkatesh V, Thong JY and Xu X. Consumer acceptance
and use of information technology: extending the unified
theory of acceptance and use of technology. MIS Q 2012:
157–178.

Lo et al. 15


	 Introduction
	 Methods
	 Design, setting and ethics
	 Study participants
	 Data collection
	 Data analysis

	 Results
	 Patient and carers
	 Technology
	 Application features and usability
	 Feasibility of using the wound imaging application
	 Logistics of care
	 Healthcare providers
	 Attitudes towards wound imaging application
	 Preferences regarding functionality
	 Perceived challenges for patients/carers
	 Perceived barriers for HCPs

	 Discussion
	 Implications of wound imaging system
	 Strengths and limitations
	 Future directions

	 Conclusion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


