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ORIGINAL ARTICLE

Optimizing an Outpatient mHealth Intervention for 
Children with Burns: A Convergent Mixed-Methods Study

Aaron Lesher, MD,* Lucas McDuffie, MD,* Tiffany Smith, BSN,* Abigail Foster, BA,† 
Kenneth Ruggiero, PhD,‡ Julie Barroso, PhD, RN, ANP, FNAP, FAAN,|| and Yulia Gavrilova, PhD*,$

Burn injury is one of the most common traumatic injuries in childhood. Fortunately, 90% of pediatric burns may 
be treated in the outpatient setting after appropriate burn triage. Patients with burns face significant geographic 
disparities in accessing expert burn care due to regionalized care. To aid patients and their families during 
acute outpatient burn recovery, we developed a smartphone app, Telemedicine Optimized Burn Intervention 
(TOBI). With this app, we aimed to increase access to care by allowing secure, streamlined communication 
between patients and burn providers, including messaging and wound image transfer. The purpose of this 
study was to systematically evaluate user feedback to optimize the patient and provider experience. TOBI was 
evaluated using a convergent mixed-methods approach consisting of qualitative semi-structured interviews 
and quantitative measurements of app usability via the mHealth App Usability Questionnaire. Participants 
included 15 caregivers of pediatric patients with burns who used TOBI during treatment and ten burn 
providers. Users found TOBI to be a highly usable application in terms of usefulness, ease of use, satisfaction, 
and functionality. Qualitative data provided insight into user experience, satisfaction and preferences, difficulty 
navigating, usability and acceptability, and potential improvements. Although most users were highly 
satisfied, improvements were needed to optimize the burn app. We systematically made these improvements 
before we released TOBI for routine patient use. This study uncovered helpful recommendations for app 
improvements that can be generalized to other mobile health apps to increase their appeal and adoption.

Burn injury is a leading cause of mortality and morbidity 
in the United States. Each year, approximately 120,000 
children present to emergency rooms with burn injuries, 
resulting in many referrals to dedicated burn centers.1, 2 
Fortunately, up to 90% of pediatric burns can be managed 
effectively on an outpatient basis with at-home wound care 
or advanced wound dressings.3–5 Over the past 20 years, 
advances in outpatient burn care have enabled providers 
to shift away from daily dressing changes to less frequent 
dressing changes using silver-impregnated dressings.6 This 
approach has improved pain associated with dressing changes 
and decreased the need for inpatient hospitalization. Wound 

care can be provided by the patient’s caregivers at home with 
close monitoring in the outpatient burn clinic.

Patient access to expert burn care is a critical issue. 
Telemedicine, or the remote delivery of healthcare using tech-
nology as a bridge, has the ability to improve patient access 
to care over geographic distances. This is particularly acute 
in burn care with the regionalization of burn centers that has 
occurred over the last 30 years.7 Less than half of the US pop-
ulation lives within a 2-h drive of a verified burn center,8 with 
even more geographic separation in other countries. Further, 
significant financial disparities impact rural and medically 
underserved areas, which are overrepresented in the popula-
tion of patients with burns, particularly in children.9 Advances 
in telemedicine have provided ample opportunity to advance 
the delivery of burn care over the past 30 years. Starting with 
the burn triage system in the 1980s, burn centers could re-
motely evaluate patients with store-and-forward image eval-
uation7, 10–13 to help improve over- and under-triage in the 
burn transport system. Further evolution of burn telemedi-
cine occurred over the past 20 years, with various iterations 
of a hub-and-spoke model of delivering burn care. In this 
model, burn professionals could treat patients remotely over 
synchronous video visits14–18 or asynchronous store-and-for-
ward image evaluations. These remote visits enabled patients 
to be treated in their own communities at authorized sites of 
origination, such as doctor’s offices or nursing homes.

The use of mHealth technology offers a promising ap-
proach to outpatient burn care,11, 19–21 particularly to sup-
port parent-administered dressing changes at home. Firstly, 
the assessment and treatment of burn injury and wounds are 
ideally suited for the use of telemedicine.7, 13, 22, 23 In fact, 
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burn surgeons were early adopters of the hub-and-spoke 
telemedicine systems of the 1990s.24 Further work in this 
area was codified by the American Telemedicine Association 
Guidelines for Teleburn in 2017.25 Further, cell phones are 
utilized by ~95% of adults in the US, with widespread dissem-
ination in all groups irrespective of race/ethnicity, socioeco-
nomic status, or urban–rural classification. To date, mobile 
health applications for burn care have largely been limited 
to triage between referring hospitals and burn centers, with 
variable impact.13 A recent pilot study demonstrated mobile 
phone virtual reality to improve patient-reported pain scores 
during dressing changes for pediatric burn patients at home.26 
Mobile phones have surpassed the minimum requirements 
needed for burn assessment27 but rigorous scientific valida-
tion aimed at addressing outcomes has not been achieved.28 A 
systematic review of smartphone applications in burns found 
31 apps in the Google Play Store and 29 in Apple’s App store. 
The apps fell into four groups: calculators, information apps, 
book/journal apps, and games. No mHealth apps have been 
designed to assist patients and families in trating serious burn 
injury in outpatient settings.

Due to these geographic and financial barriers to patient 
access, our pediatric burn center aimed to improve patient ac-
cess to expert burn care and enhance communication between 
patients and their burn providers. To this end, we created a 
smartphone app called the Telemedicine Optimized Burn 
Intervention (TOBI). Initially created to improve burn care 
access to rural patients and their families, this app allows for 
the provision of expert clinical burn care in the patient’s home 
through text messaging, store-and-forward image transfer, fre-
quently asked questions (FAQs), and instructional materials.

In this convergent mixed-methods study, we sought to 
systematically evaluate end-user feedback from both patients 
and clinicians who used a mobile health (mHealth) applica-
tion during the acute phase of burn injury. Evaluation of app 
usability and quality can yield important information to opti-
mize consumer-driven apps and promote user satisfaction and 
adherence. We then used stakeholder feedback to guide app 
refinements and optimize the patient and provider experience. 
Herein, we describe the results of qualitative semi-structured 
user interviews and quantitative usability and satisfaction data 
gathered from caregivers of pediatric burn patients who used 
TOBI during treatment of their child’s burn injury.

METHODS

Burn App
TOBI, initially called the “TeleBurn,” was developed in 2018 
to provide expert clinical burn care in the home and en-
able burn physicians, advanced practice providers, and nurse 
specialists to monitor and intervene throughout treatment of a 
burn wound (Figure 1). The app allows the parent–child dyad 
to interface with the burn team through text messaging and 
image transfer in an asynchronous manner. Also, patients and 
caregivers can see instructional videos for dressing changes 
depending on the location of the burn and find answers to 
FAQs. Burn providers used a provider-facing portal to access 
patient communication and images. TOBI was developed 
by an interdisciplinary team including experts in pediatric 
burn care, health communication, nursing, public health, 

biostatistics, information technology, and clinical psychology. 
The TOBI app is HIPAA (Health Insurance Portability and 
Accountability Act) compliant, which has been a key feature 
from its inception. Because there is protected health informa-
tion (patient photos) contained within the app, we have been 
required from inception to maintain HIPAA compliance in 
all apps developed by the in-house software development 
team. TOBI has security built into the mobile application (re-
quired secure user password, data encryption, etc.) and into 
the backend (firewalls, server security, SSL data transmission, 
database backups, role management security, etc.).

Study Design
We conducted a convergent mixed-methods study at a single 
center to optimize an existing mHealth burn intervention. 
This study included burn stakeholders and consisted of semi-
structured interviews and a validated questionnaire. All activi-
ties described in this study were approved by the Institutional 
Review Board. The study activities were conducted either on 
campus or remotely via secure videoconferencing software. In 
response to COVID-19, we pivoted from an in-person-only 
format to support both in-person and virtual appointments. 
Both the principal investigator and doctoral-level study co-
ordinator conducted mock study interviews and assessments 
prior to the study to maintain consistency and reduce in-
terviewer bias. All research data were stored in a password-
protected REDCap® database.

After recruitment and screening for inclusion criteria, 
study staff obtained written or electronic informed con-
sent from caregivers and provided an acknowledgment form 
outlining the study to burn providers. The study staff then 
allowed about 10  min for participants to re-explore TOBI 
and access each of the app/portal’s functions. This process 
was done because not all study participants had recently used 
TOBI. The interviewer then conducted and recorded a semi-
structured interview and administered questionnaires. The 
questionnaires included a demographics form and measures 
about caregiver satisfaction with and usability of the app. 
Caregiver participants were seen individually in a private of-
fice or remotely via secure videoconferencing during one visit. 
Provider participants were interviewed in-person in groups of 
three to four people during one visit. Caregiver participants 
received a $50 gift card and burn providers received a $10 gift 
card for study participation.

Recruitment
Recruitment for this study occurred from both the patient–
caregiver and provider populations. Caregiver participants 
were recruited through an institutional burn registry of pe-
diatric patients with burns. Participants in the registry were 
cross-referenced with a password-protected database of 
patients who used TOBI during the treatment phase of their 
child’s partial thickness burn injury at our medical center over 
the past 12 months. Potential caregiver participants were 
recruited via telephone, informed about the study and a gift 
card for participation, invited to participate, and scheduled 
for an in-person or virtual consent and interview/assessment, 
if interested. Burn provider participants were recruited from 
the pediatric and adult burn teams at our academic medical 
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center by email and scheduled for one of three small-group 
sessions. Pediatric burn care providers had prior experience 
using TOBI. Most adult care burn providers had trialed TOBI 
to improve access to outpatient care for their adult patients 
with burns. The inclusion of providers who trialed TOBI in 
their clinical practice with adult patients increased our pro-
vider sample and provided a greater diversity in assessing 
workflow and user-interface needs.

Inclusion Criteria
Study inclusion criteria required that caregiver participants: 
1) were caregivers of children 0–18 years of age at the time of 
injury who used TOBI within the last 12 months, 2) were 18 
years of age or older, 3) had at least one communication ac-
tivity through TOBI, and 4) were English-speaking. English-
speaking was an important screening tool because TOBI is 
currently only available in English and does not yet have trans-
lation capabilities. Providers were eligible for enrollment if 
they: 1) were burn surgeons, nurses, nurse practitioners, phy-
sician assistants, or therapists; 2) were 18 years of age or older; 
and 3) had at least one communication activity through TOBI 
in the past 12 months.

Semi-structured Interviews
We performed and recorded semi-structured interviews of 
stakeholders, including patients’ caregivers and burn providers, 
to assess app/portal usability, determine needed improvements 
in the app build, and evaluate the overall delivery of outpatient 

burn care using TOBI. The semi-structured interview lasted 
30 to 45 min and consisted of open-ended questions based 
on a developed interview guide (Appendix 1 and 2). Interview 
questions were organized by app sections (eg, login, FAQs, 
and message board) and included open-ended questions about 
user experience, satisfaction and preferences, difficulty under-
standing and navigating, specific problems, app usability and 
acceptability, and potential improvements.

Validated Questionnaire Data
Usability data were collected using a psychometrically 
validated mHealth App Usability Questionnaire (MAUQ). 
The MAUQ consists of 21 questions with responses ranging 
from 1 = “Strongly Disagree” to 7 = “Strongly Agree.” The 
MAUQ yields an overall usability score and three subscale 
scores: 1) ease of use and satisfaction, 2) system informa-
tion arrangement, and 3) usefulness. To determine the usa-
bility of an app, the total score was divided by the number of 
items to provide an average score, with higher average scores 
indicating greater acceptability. The MAUQ validation study 
provided evidence of strong construct and criterion validity, 
as well as high internal consistency of the entire questionnaire 
and three subscales.29

Demographic Questionnaire Data
Participants were asked to provide standard demographic 
data, such as age, sex, educational achievement, marital status, 
racial and ethnic status, and household income.

Figure 1. Screenshot of the home screen of the original TeleBurn (A) and new, patient-optimized Telemedicine Optimized Burn Application 
(TOBI) (B, two right panels). Systematic stakeholder feedback from caregivers of pediatric patients with burns and burn providers was used to 
refine the TOBI app and improve usability and provider workflow.
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Statistical Approach
TOBI was evaluated using a mixed-method approach 
consisting of qualitative semi-structured interviews and 
quantitative usability data. The qualitative interviews were 
transcribed by a transcription company that is HIPAA com-
pliant and then coded by two trained independent coders. 
Data were inputted into an Excel spreadsheet for analyses. To 
analyze the interview transcriptions, we performed a mani-
fest content analysis driven by our research questions specific 
to caregiver perceptions of smartphone-enhanced pediatric 
burn care and potential app improvements.30 Since our 
transcribed text data reflected answers to specific questions 
as part of the semi-structured interviews, the content anal-
ysis approach was determined to be most suitable as the semi-
structured questions naturally represented content categories. 
These questions focused on acceptability, usability, technical 
preferences, emotional perceptions, and suggestions for im-
provement. The questions were used to analyze the qualita-
tive data; a priori categories derived from the semi-structured 
interviews were used to sort the data. Thus, manifest content 
analysis was the most appropriate method for this part of the 
data analysis.30 Consensus was achieved through analysis by 
the first and senior authors, and an author who is a qualita-
tive methodologist. Quantitative usability data were collected 
using the REDCap® survey and exported into IBM SPSS 
Statistics 27.0 software for descriptive analyses.

App Refinement Approach
Study findings pertaining to app refinement were discussed 
during weekly meetings between the principal investigator 
and study coordinator. At the meetings, potential refinements 
were consolidated and prioritized according to the defined 
needs of both caregivers and providers. Organized technology 
reports were given to the development team for optimization. 
We used an iterative process in which we provided a list of 
changes to the development team after retesting each new it-
eration of the app before the final launch.

RESULTS

Study Recruitment
Seventy-nine caregivers were identified for screening from the 
burn registry. Five caregivers were excluded for not meeting 
eligibility criteria: one due to a lack of communication activity, 
two who were Spanish-speaking only, one who was under 18 
years of age, and one whose child was transferred to foster 
care. Of the remaining 74 participants, 20 were selected using 
stratified random sampling based on their children’s age 
groups that represent our patient population and align with 
the published literature (0–1 years old: 15%, 1–3 years old: 
30%, 4–5 years old: 25%, 5–10 years old: 15%, and 10–18 years 
old: 15%).31 One major obstacle to participant recruitment 
and enrollment was the COVID-19 pandemic and an inability 
to contact some eligible participants. If a caregiver could not 
be reached by phone after three contact attempts, another po-
tential participant was randomly selected from the respective 
child age group and contacted for recruitment. Study recruit-
ment ended as determined by an ad hoc analysis conducted 
by the first and senior author after the 15th participant; data 

saturation indicated that no new data were emerging from 
participants. Data saturation determines sample size in qual-
itative research and is different for each study32; additionally, 
since qualitative analysis begins with the first interview, it is 
common for data saturation to mark the end of recruitment. 
Twelve burn providers were contacted via email with a brief 
description of the study. Two providers were unavailable, and 
ten providers expressed interest in and consented to partici-
pate in the study.

Caregiver Study Sample
Caregiver study participants included 15 caregivers of pedi-
atric patients with burns. Caregiver participants ranged from 
22 and 52 years of age (M = 35.5, SD = 6.7), were predomi-
nantly female and mothers (14/15, 93%), White (9/15, 60%) 
or Black (5/15, 33%), married (11/15, 73%), sole caregivers 
(11/15, 73%), had a college degree (12/15, 80%), were em-
ployed (7/15, 47%) or unemployed (6/15, 40%), lived in 
an urban or suburban community (13/15, 87%) within 60 
miles from the burn center (13/15, 87%), and had house-
hold incomes ranging from less than $10,000 to more than 
$200,000. The children’s ages ranged from 1 to 12 years (M = 
3.4, SD = 3.1), and the average total body surface area of the 
burn was 3.3% (SD = 3.2; Table 1).

Burn Provider Study Sample
Burn provider participants included ten providers from a 
southeastern academic medical center. Provider participants 
ranged in age from 30 to 49 years (M = 39.6, SD = 5.7), were 
equally represented by sex (female 5/10, 50%), were White 
(9/10, 90%), and included surgeons (7/10, 70%), advanced 
practice providers (2/10, 20%), and a burn registered nurse 
(1/10, 10%), each of whom had been practicing for 2–22 
years (M = 10.0, SD = 5.9), had 1–22 years of experience 
treating burns (M = 7.5, SD = 7.5), and had used the TOBI 
app for 0–48 months with an average of 13 months (SD = 
15.5; Table 1).

Patient Qualitative Data
Qualitative data revealed important consumer-driven feed-
back that was needed for app refinements (Table 2). Most 
(14/15, 93%) caregivers reported an overall positive experi-
ence and said the app was easy to use. One user stated, “I’m 
not very tech savvy but it was actually pretty easy to navigate, 
dive straight into point, the communication on the app was 
very easy.” All caregivers stated that the app was an acceptable 
way of monitoring child’s burns and that they would recom-
mend the app to a friend in a similar situation: “It’s 100% con-
venient, I didn’t have to come down to the [doctor’s] office 
all the time,” “The answers that you can’t find anywhere else, 
you can find in the app.”

Regarding the specific app functions, many caregivers 
(11/15, 73%) reported that taking and sending photos of the 
burn was easy, and some (4/15, 27%) experienced problems. 
Most participants (14/15, 93%) said that the FAQs were easy 
to understand, and all users found the FAQs helpful. For in-
stance, one participant said, “Very helpful because it saved 
me from having to Google questions that I know I would be 
dealing with anyway, it was all right there together.” Many 
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participants (11/15, 73%) found the information they were 
looking for, and several suggested additional FAQs, such as 
“Can my child go to the beach or pool with a burn injury?” 
Only one caregiver experienced problems with messages, and 
several recommended revisions.

Most participants (7/9, 78%) were satisfied with the video 
consult experience. One participant described their experi-
ence: “I was very satisfied. The nurse answered questions very 
quickly, and actually helped me out in that particular moment 
because I was very lost.” All the caregivers found videos of 
dressing changes to be very helpful and easy to follow: “They 
are extremely helpful... because it walks you through step by 
step how to do the bandaging.” Five users requested adding 
specific videos (eg, how to improve range of motion, different 
size hand models).

Specific feedback to improve the app interface, features, 
and functions included: keeping caregivers logged in, time-
stamping photos and messages, consolidating text messages 
and pictures, adding push notifications and appointment 
reminders, tracking the pain level of the child, adding stress-
management techniques, adding rationales, and adjusting the 
font size. Some users commented on the challenges: “There 
wasn’t a way to notify me when I got a message from a nurse, 
so I just had to keep the app open and constantly refresh it” 
and “I’m all about choice because I can read it, but I know 
for example my mother would not be able to read it. So being 
able to have a choice as far as font size would be ideal for me.”

Overall, 47% (7/15) of participants preferred app-based 
burn care, 40% (6/15) preferred both face-to-face and app-
based care, and 13% (2/15) preferred in-person-only care. 
Only one person preferred synchronous video-based care to 
asynchronous text messaging.

MAUQ Data
Overall MAUQ scores (M = 6.47; SD = 0.60) indicated high 
app usability. Ease of use and satisfaction (M = 6.66; SD = 
0.40), system information arrangement (M = 5.93; SD = 
1.05), and usefulness (M = 6.69; SD = 0.58) subscales in-
dicated an average degree of agreement above “somewhat 
agree” with usability statements (>5). All subscales showed 
high internal consistency in our sample. For each subscale, 
Cronbach alphas were .79 (ease of use and satisfaction), .87 
(system information arrangement), and .93 (usefulness).

Burn Provider Qualitative Data
Ten burn providers (seven surgeons, two advanced practice 
providers, one burn registered nurse) were surveyed in three 
small-group settings. Providers were given time to explore 
TOBI before answering open-ended questions, centering on 
the overall experience, logging in, interpreting patient images, 
messaging patients, scheduling, providing video consultation, 
interfacing with the portal, discussing barriers, and reporting. 
All 10 providers endorsed using the app for outpatient burn 
care, with comments such as: “very straightforward,” “mes-
saging interface is very easy,” and “it has the potential to keep 
patients closer to home in the large catchment area, and in 
a competitive market, it’s one tool you can use to help keep 
patients close to home for their tool, for accuracy as a tool to 
keep patients close to home.” With respect to video confer-
encing through the app, all providers suggested discontinuing 

Table 1. Demographic characteristics of participants

Characteristics 
Caregivers  
(N = 15) 

Providers 
(N = 10) 

Caregiver age, y, mean (SD) 35.5 (6.7)
Caregiver sex, No. (%)
 � Female 14 (93.3)
 � Male 1 (6.7)
Caregiver relationship, No. (%)
 � Mother 14 (93.3)
 � Father 1 (6.7)
Caregiver race, No. (%)
 � Black or African American 5 (33.3)
 � White 9 (60.0)
 � Multiple or other 1 (6.7)
Caregiver marital status, No. (%)
 � Married 11 (73.3)
 � Single, never married 4 (26.7)
Caregiver education, No. (%)
 � High school or GED 3 (20.0)
 � Associate’s degree 3 (20.0)
 � Bachelor’s degree 6 (40.0)
 � Master’s degree 2 (13.3)
 � Doctoral degree 1 (6.7)
Caregiver employment, No. (%)
 � Full-time job 7 (46.7)
 � Part-time job 2 (13.3)
 � Unemployed 6 (40.0)
Caregiver income/year, No. (%)
 � Less than $10,000 1 (6.7)
 � $10,000–$50,000 5 (33.3)
 � $50,000–$100,000 3 (20.0)
 � More than $100,000 5 (33.3)
Sole caregiver, No. (%)
 � Yes 11 (73.3)
Caregiver community, No. (%)
 � City or urban 6 (40.0)
 � Suburban 7 (46.7)
 � Rural 2 (13.3)
Caregiver distance, No. (%)
 � Less than 60 miles 13 (86.7)
 � More than 60 miles 2 (13.3)
Child’s age, y, mean (SD) 3.4 (3.1)
TBSA, % 3.3 (3.2)
Provider age, y, mean (SD) 39.6 (5.7)
Provider sex, No. (%)
 � Female 5 (50.0)
 � Male 5 (50.0)
Provider race, No. (%)
 � Asian or Asian American 1 (10.0)
 � White 9 (90.0)
Provider role, No. (%)
 � Physician 8 (80.0)
 � Advanced practice practitioner 2 (20.0)
 � Nurse 1 (10.0)
Provider medical experience, y, mean (SD) 10 (5.9)
Provider burn experience, y, mean (SD) 7.5 (7.5)
Provider TOBI experience, months, 

mean (SD)
13 (15.5)

GED, general equivalency diploma; TBSA, total body surface area; TOBI, 
Telemedicine Optimized Burn Intervention.
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this feature and conducting video visits using institutionally 
licensed software with the workflow and billing occurring 
through the electronic health record (EHR).

All providers expanded on workflow barriers with this 
service, which was a major theme. Specific suggestions in-
cluded: creating a provider app instead of a web-based portal; 
providing real-time notifications through the provider app; 
adding the ability to name a proxy provider during vacations, 
time-off, etc.; linking virtual encounters to the EHR for 
billing; enabling patient accounts to be deactivated; including 
instructions for appropriate photo-taking environments; and 
time-stamping all messages and pictures. Several concerns were 
voiced regarding the ability to bill for physician time using the 
app and the workflow of patients contacting burn surgeons 
during operating room time. Direct comments included: “The 
downside is it’s not billable stuff” and “For me, personally, 
because it’s not the way I do my practice, it’s a nurse-driven 
practice, nurse takes it, takes care of most of these calls, screens 
things out, and then … kicks up to their providers.” When 
asked whether there was a possibility of increased harm with 
app-based care, most providers felt that the risk was minimal 
compared to face-to-face care. However, one provider cited the 
potential for missing a dire complication that is not detected 
until the morning when the provider logs into email. Finally, 
several newer services were suggested to broaden the app’s use, 
including physical and occupational therapy exercises, survivor 
resources, and mental health resources.

Burn App Refinements
Based on stakeholder feedback, the following app changes 
were systematically implemented and tested to make TOBI 
more “user-friendly.” First, users now can remain logged 
into the app if they choose, which eliminated the need for 
password resets and burn center contact to retrieve this in-
formation. Second, the messages and images sections were 
integrated to support more streamlined communication. 
Both providers and patients can now see the time stamps on 
messages and whether the messages have been read. Also, 

users can now set up push notifications on their device and/
or email notifications for new messages from providers. Third, 
we optimized rationales and explanations for various sections 
in the app to answer common user questions and clarify how 
various app components may be used.

Several new sections were added to improve app acceptability 
and usability, including interdisciplinary burn and mental health 
components (Figure 1). First, a section on pain tracking was 
added to allow caregivers and pediatric patients to rate pain level 
on a weekly basis. For this section, the Wong–Baker Faces Pain 
Rating Scale was used as a model.33 We also included a visual 
graph in which providers and patients can track pain ratings 
over time. Second, we added a section containing Quick Tips, 
including Burn Tips, Wellbeing Tips for Adults, and Wellbeing 
Tips for Children/Adolescents. Third, to meet the caregiver 
demand for coping with stress during their child’s burn treat-
ment, we incorporated a new section on stress management 
that applies to both adults and children. The subsections in-
clude relaxation techniques (body scan recordings for whole 
body or specific body parts), guided deep-breathing practice, 
guided mindfulness practice (mindful breathing, imagery, and 
walking), and distress tolerance skills (e.g., distracting and self-
soothing techniques). Finally, self-help resources were added 
to the app to connect caregivers and patients to the appro-
priate burn- and mental health-specific agencies and resources, 
including the American Burn Association, Phoenix Society 
for Burn Survivors, Phoenix Survivors Offering Assistance in 
Recovery (SOAR), Model Systems Knowledge Translation 
Center, National Institutes of Health, National Institutes of 
Mental Health, Substance Abuse and Mental Health Services 
Administration, and the 988 Suicide and Crisis Lifeline.

On the provider side, we replaced the provider-facing web-
based portal with a new provider app that communicates with 
the patient-facing app. Providers can now receive real-time 
notifications through the provider app, allowing for quicker 
response times. Because burn care is often provider-agnostic, 
we incorporated the ability to name a proxy provider when 
the designated provider is not on service. Also, to address a 
major workflow barrier, we linked virtual patient encounters 

Table 2. Qualitative data from semi-structured interviews of participants

 Patient Caregivers Burn Providers 

Study sample 15 10 (7 surgeons, 2 advanced practice providers, 1 burn registered nurse)
Most common 

suggestions
•	 Keep caregiver logged in
•	 Time-stamp photos and messages
•	 Consolidate text messages and pictures
•	 Add push notifications and appointment 

reminders
•	 Track pain level of child
•	 Add stress-management techniques

•	 Modify user interface to change to smartphone app to streamline 
notifications

•	 Link to EHR to streamline charting and billing

Exemplary 
quotes

•	 “They respond very quickly”
•	 “It’s just—it’s just better [than] going to the 

hospital, more efficient, and safe at this point”
•	 “It’s very easy, it means that you don’t have 

to get your child out of school. You don’t 
have to put everybody in the car. It’s very 
convenient”

•	 “It has the potential to keep patients closer to home to [sic] in 
the large catchment area, and in a competitive market, it’s one 
tool you can use to help keep patients close to home”

•	 “I think also in the past, there was a lot of non-HIPAA com-
pliant communication with patients, they should hopefully 
avoid that”

•	 “If it decreases our clinic volume that could also be a bad thing. 
It can be, you know, there’s good and bad to everything, so…”
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to the EHR for billing. With respect to physician billing, a 
new feature was introduced to create a virtual visit encounter 
based on time spent. These encounters are billed as “Virtual 
Check-ins” and are reimbursable by both private and public 
third-party payers. Virtual Check-in is designed to be a brief 
technology-based communication between the healthcare 
provider and the patient using a phone, captured image, or 
integrated audio/video system.

DISCUSSION

After a pediatric burn injury, patients and caregivers are often 
discharged home with instructions to begin outpatient care 
for burn wounds. Unfortunately, most caregivers lack expe-
rience in outpatient care for a burn, leading to potential for 
delayed recovery, poor adherence to burn treatment, and sig-
nificant anxiety during dressing changes.10 To address these 
deficiencies, we developed the TeleBurn app in 2018 to help 
parents with acute wound care at home. In a pilot study, 
77 patients who used the TeleBurn for burn care had faster 
healing times, fewer in-person clinical encounters, and greater 
adherence to therapy than a similar cohort treated with tradi-
tional face-to-face care.11

In the present study, we used a convergent mixed-methods 
approach to systematically evaluate user feedback from both 
caregivers of pediatric patients with burns and burn clinicians 
who used an mHealth application during the acute phase 
of burn injury. We then used stakeholder feedback to refine 
the app and optimize the patient and provider experience. 
Findings from qualitative semi-structured user interviews 
and quantitative usability measures indicated that the app was 
highly usable but required improvements. We systematically 
implemented these modifications before we released the app 
for routine patient use.

In this study, we sought to optimize the design and im-
plementation of the TeleBurn (renamed as TOBI) using 
stakeholder feedback. Unfortunately, systematically derived 
stakeholder feedback is rarely used when creating and deploying 
new mHealth technologies.14, 19 Over 350,000 mHealth apps 
have been developed globally. However, despite many health 
benefits, about half of these apps stop being used due to factors 
such as high data entry burden and loss of interest.34 With the 
results of our study, we better understand the patient–care-
giver perspectives on usability/acceptability, satisfaction, and 
preferences. Overall, users reported TOBI was a highly usable 
app with high usefulness, ease of use, and satisfaction, as well 
as moderately high functionality. Specifically, on average, users 
rated TOBI’s ease of use and satisfaction statements between 
“agree” and “strongly agree”; system information arrange-
ment statements between “somewhat agree” and “agree”; and 
usefulness-related statements between “agree” and “strongly 
agree.” Although most users were highly satisfied with the app 
and its health benefits, improvements were needed to create 
an optimal mHealth burn app. The identified improvements 
were systematically addressed and tested in collaboration with 
the digital development team before the release of TOBI for 
routine patient use. Qualitative data from this study provided 
helpful recommendations for app improvements that can be 
generalized to other mHealth apps to increase their appeal 
and adoption.

This study has limitations that may restrict its broad applica-
tion in other mHealth applications. First, the sample size was 
relatively small given the diversity of ages and demographics of 
our patient population. For instance, a parent of a toddler may 
need different mHealth resources than a parent of a teenager. To 
address this difference, we sampled caregivers of patients in dif-
ferent age groups. After 15 patients, both interviewers coded and 
reviewed the data and felt that saturation was met. With respect 
to provider sample size, we were able to study all burn providers 
at our institution that had trialed TOBI in the clinical setting. 
TOBI had been trialed in a clinical setting by both pediatric 
and adult burn providers, giving a greater diversity of opinion 
about the utility, user interface, and workflow. Additionally, 
caregiver participants received a $50 gift card and provider 
participants received a $10 gift card. While these amounts were 
determined based on time and our institutional review board 
deemed these amounts as appropriate participant compensa-
tion, there may have been potential participation bias. Lastly, 
we have been able to incorporate mental health resources and 
tools into the app. Future app refinements may be needed to in-
corporate instructions from physical and occupational therapists 
to broaden the app’s use. Another limitation is that TOBI is 
designed for pediatric patients with burns, mHealth-based care 
can and should be extended to the adult burn population. We 
plan to implement TOBI in the adult burn unit in a future 
study. Finally, this service was only offered to English-speaking 
patients due to the communicative nature of text messaging 
used heavily in this service. Unfortunately, linguistic barriers be-
tween patients and providers remain a barrier to accessing health 
care. However, mHealth applications may provide a solution to 
reducing these inequalities through translation of apps and com-
mercialization35, 36. With novel interventions, such as TOBI, in 
which providers interact directly with patients, app translation 
must be paired with non-English-speaking providers to opti-
mize health care delivery to these patient populations.

Unfortunately, in the United States, telemedicine systems 
have historically been encumbered by various technical and reg-
ulatory barriers. Federal and state statutes limited reimburse-
ment based on patient and physician location, and technical 
connectivity issues plagued the system.19, 20 These limitations 
have been lifted since the onset of COVID-19 pandemic and 
significantly shifted the delivery of care as quarantine meas-
ures went into place. The Centers for Medicare and Medicaid 
suspended the sites of origination restriction and allowed the 
delivery of medical and surgical care in the patient’s home. 
These shifts challenged providers to explore new delivery 
platforms to provide direct-to-consumer health care, including 
burn care.37 Importantly, some states have begun to adopt 
permanent telehealth benefits. While federal payers have not 
adopted all forms of telemedicine, Medicare has permanently 
agreed to coverage for Federally Qualified Health Centers and 
Rural Health Clinics. While the regulatory details of telehealth 
are beyond the scope of this paper, numerous new payment 
strategies have been employed by third-party payors, giving 
most patients and providers confidence that telehealth cov-
erage will not collapse after the public health emergency ends.

As healthcare data generated by patients gain traction in 
medical decision-making, both patients and providers are 
major stakeholders in the process and its content. In pre-
vious mHealth development work, patients wanted reminder 
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notifications, instructions, rationale explanations, incentives and 
rewards, and clear communication lines. On the other hand, 
providers valued data management, tracking, and summaries.38, 

39 Increasingly, patients expect health care to be “on demand” 
and user-friendly, but healthcare systems have lagged behind 
these expectations. Understanding these stakeholder tensions is 
imperative to design effective mHealth systems of care.40 The 
rapid evolution of telemedicine has followed the pace of tech-
nological advancement, enabling healthcare entities to provide 
healthcare in ever-changing settings, often blurring the lines of 
traditional care, and thus, the roles of the healthcare provider.41

Mobile health technology shows great promise in improving 
the delivery of expert burn care to patients who are outside of 
the burn center. TOBI is an innovative, scalable, personalized 
mHealth resource that has been refined to improve usability for 
both parental caregivers of pediatric patients with burns and the 
burn center team. This study shows the value of learning about 
caregiver experiences, which provided consumer-focused, sys-
tematically derived data to inform TOBI app modifications 
to improve its acceptability and usability. Overall, caregivers 
preferred asynchronous communication to synchronous video 
visits as an adjunct to in-person care. Now that the app has 
been improved with stakeholder feedback, we are conducting a 
randomized controlled trial to assess the feasibility and efficacy 
of the app to improve the quality of and access to expert burn 
care for patients and their families.

REFERENCES

	 1.	 D’Souza AL, Nelson NG, McKenzie LB. Pediatric burn injuries treated 
in US emergency departments between 1990 and 2006. Pediatrics 
2009;124:1424–30.

	 2.	 Brown M, Coffee T, Adenuga P, Yowler CJ. Outcomes of outpatient 
management of pediatric burns. J Burn Care Res 2014;35:388–94.

	 3.	 Warner PM, Coffee TL, Yowler CJ. Outpatient burn management. Surg 
Clin North Am 2014;94:879–92.

	 4.	 Sheckter CC, Kiwanuka H, Maan Z, Pirrotta E, Curtin C, Wang NE. 
Increasing ambulatory treatment of pediatric minor burns-The emerging 
paradigm for burn care in children. Burns 2019;45:165–72.

	 5.	 Grote AC, Lacey AM, Garner WL, Gillenwater TJ, Maniago E, 
Yenikomshian HA. Small pediatric burns can be safely managed on an 
outpatient basis. J Burn Care Res 2020;41:1029–32.

	 6.	 Hundeshagen G, Collins VN, Wurzer P et al. A prospective, randomized, 
controlled trial comparing the outpatient treatment of pediatric and adult 
partial-thickness burns with Suprathel or Mepilex Ag. J Burn Care Res 
2018;39:261–7.

	 7.	 Wallace DL, Hussain A, Khan N, Wilson YT. A systematic review of the 
evidence for telemedicine in burn care: with a UK perspective. Burns 
2012;38:465–80.

	 8.	 Klein MB, Kramer CB, Nelson J, Rivara FP, Gibran NS, 
Concannon T. Geographic access to burn center hospitals. JAMA. 
2009;302(16):1774–81.

	 9.	 Ewbank C, Sheckter CC, Warstadt NM, Pirrotta EA, Curtin C, Newton 
C et al. Variations in access to specialty care for children with severe burns. 
Am J Emerg Med. 2020;38(6):1146–52.

	 10.	 Thompson DM, Thomas C, Hyde L, Wilson Y, Moiemen N, Mathers J. At 
home parent-administered dressing changes in paediatric burns aftercare: 
interviews on parents’ experiences of treatment. Burns 2022;48:355–64.

	 11.	 Garcia DI, Howard HR, Cina RA et al. Expert outpatient burn care 
in the home through mobile health technology. J Burn Care Res 
2018;39:680–4.

	 12.	 Holt B, Faraklas I, Theurer L, Cochran A, Saffle JR. Telemedicine use 
among burn centers in the United States: a survey. J Burn Care Res 
2012;33:157–62.

	 13.	 Ajami S, Arzani-Birgani A. Fast resuscitation and care of the burn patients 
by telemedicine: a review. J Res Med Sci 2014;19:562–6.

	 14.	 Teixeira L, Saavedra V, Ferreira C, Sousa Santos B. Improving the manage-
ment of chronic diseases using web-based technologies: an application in he-
mophilia care. Annu Int Conf IEEE Eng Med Biol Soc 2010;2010:2184–7.

	 15.	 Aitken M, Nass D. Digital health trends 2021: Innovation, evidence, 
regulation, and adoption. Slideshare. 2021. https://www. slideshare.
net/RicardoCaabate/digital-health-trends-2021-iqvia-global [accessed 
2022-06-08].

	 16.	 Lesher AP, Fakhry SM, DuBose-Morris R, Harvey J, Langston LB, 
Wheeler DM et al. Development and Evolution of a Statewide Outpatient 
Consultation Service: Leveraging Telemedicine to Improve Access to 
Specialty Care. Popul Health Manag. 2020;23(1):20–8.

	 17.	 Wibbenmeyer L, Kluesner K, Wu H, Eid A, Heard J, Mann B et al. 
Video-Enhanced Telemedicine Improves the Care of Acutely Injured 
Burn Patients in a Rural State. J Burn Care Res. 2016;37(6):e531–e8.

	 18.	 Wiktor AJ, Madsen L, Carmichael H, Smith T, Zanyk S, Amani H et al. 
Multiregional Utilization of a Mobile Device App for Triage and Transfer 
of Burn Patients. J Burn Care Res. 2018;39(6):858–62.

	 19.	 Scott Kruse C, Karem P, Shifflett K, Vegi L, Ravi K, Brooks M. Evaluating 
barriers to adopting telemedicine worldwide: a systematic review. J 
Telemed Telecare 2018;24(1):4–12.

	 20.	 Asiri A, AlBishi S, AlMadani W, ElMetwally A, Househ M. The use 
of telemedicine in surgical care: a systematic review. Acta Inform Med 
2018;26(3):201–6.

	 21.	 Abrams TE, Lloyd AA, Elzey LE, Hickerson WL. The Bridge: A mo-
bile application for burn patients. Burns. 2019 May;45(3):699–704. 
doi:10.1016/j.burns.2018.09.028.

	 22.	 Saffle JR, Edelman L, Theurer L, Morris SE, Cochran A. Telemedicine 
evaluation of acute burns is accurate and cost-effective. J Trauma 
2009;67:358–65.

	 23.	 Wirthlin DJ, Buradagunta S, Edwards RA et al. Telemedicine in vascular 
surgery: feasibility of digital imaging for remote management of wounds. 
J Vasc Surg 1998;27:1089–99; discussion 1099.

	 24.	 Saffle JR, Edelman L, Morris SE. Regional air transport of burn patients: 
a case for telemedicine? J Trauma 2004;57:57–64; discussion 64.

	 25.	 Theurer L, Bashshur R, Bernard J et al. American telemedicine associa-
tion guidelines for Teleburn. Telemed J E Health 2017;23:365–75.

	 26.	 Shokrollahi K, Sayed M, Dickson W, Potokar T. Mobile phones for 
the assessment of burns: we have the technology. Emerg Med J. 
2007;24(11):753–5.

	 27.	 Xiang H, Shen J, Wheeler KK, Patterson J, Lever K, Armstrong M, Shi 
J, Thakkar RK, Groner JI, Noffsinger D, Giles SA, Fabia RB. Efficacy of 
Smartphone Active and Passive Virtual Reality Distraction vs Standard 
Care on Burn Pain Among Pediatric Patients: A Randomized Clinical 
Trial. JAMA Netw Open. 2021 Jun 1;4(6):e2112082.

	 28.	 Wallis LA, Fleming J, Hasselberg M, Laflamme L, Lundin J. A 
Smartphone App and Cloud-Based Consultation System for Burn Injury 
Emergency Care. PLoS One. 2016;11(2):e0147253.

	 29.	 Zhou L, Bao J, Setiawan IMA, Saptono A, Parmanto B. The mHealth 
App Usability Questionnaire (MAUQ): development and validation 
study. JMIR Mhealth Uhealth 2019;7:e11500.

	 30.	 Hsieh HF, Shannon SE. Three approaches to qualitative content analysis. 
Qual Health Res 2005;15:1277–88.

	 31.	 Jordan KC, Di Gennaro JL, von Saint Andre-von Arnim A, Stewart 
BT. Global trends in pediatric burn injuries and care capacity from 
the World Health Organization Global Burn Registry. Front Pediatr 
2022;10:954995.

	 32.	 Moser A, Korstjens I. Series: practical guidance to qualitative re-
search. Part 3: sampling, data collection and analysis. Eur J Gen Pract 
2018;24:9–18.

	 33.	 Wong DL, Baker CM. Pain in children: comparison of assessment scales. 
Okla Nurse 1988;33:8.

	 34.	 Krebs P, Duncan DT. Health app use among US Mobile Phone Owners: 
a National Survey. JMIR Mhealth Uhealth 2015;3:e101.

	 35.	 Munoz AO, Camacho E, Torous J. Marketplace and Literature 
Review of Spanish Language Mental Health Apps. Front Digit Health. 
2021;3:615366.

	 36.	 Choxi H, VanDerSchaaf H, Li Y, Morgan E. Telehealth and the Digital 
Divide: Identifying Potential Care Gaps in Video Visit Use. Journal of 
medical systems. 2022;46(9):58.

	 37.	 Head WT, Garcia D, Mukherjee R, Kahn S, Lesher A. Virtual visits for 
outpatient burn care during the COVID-19 pandemic. J Burn Care Res 
2022;43(2):300–5.

	 38.	 BE B, editor. Development and design of an mHealth resource to improve 
behavioral PRACTICE during child mental health treatment. MUSC 
Health Center for Telehealth Research Seminar Series; Charleston, SC; 
2017.

	 39.	 Hardy A, Wojdecka A, West J et al. How inclusive, user-centered design 
research can improve psychological therapies for psychosis: development 
of SlowMo. JMIR Ment Health 2018;5(4):e11222.

	 40.	 Sanger PC, Hartzler A, Lordon RJ et al. A patient-centered system in 
a provider-centered world: challenges of incorporating post-discharge 
wound data into practice. J Am Med Inform Assoc 2016;23(3):514–25.

	 41.	 Currell R, Urquhart C, Wainwright P, Lewis R. Telemedicine versus 
face to face patient care: effects on professional practice and health care 
outcomes. Nurs Times 2001;97(35):35.

https://www. slideshare.net/RicardoCaabate/digital-health-trends-2021-iqvia-global
https://www. slideshare.net/RicardoCaabate/digital-health-trends-2021-iqvia-global
https://doi.org/10.1016/j.burns.2018.09.028

