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Abstract

Background: Mobile health (mHealth) apps play an emerging role in managing chronic conditions. This study aimed to design,
develop, and evaluate the usability of an exercise therapy mHealth app in individuals with patellofemoral pain syndrome (PFPS).
Objectives: This paper presents the design, development, and evaluation procedures of the conceptual mHelath app, called Vi-
toapp, using the progressive web application (PWA) approach.

Methods: A mixed-method approach using both qualitative interviews (n = 8 adults with PFPS) and quantitative usability evalua-

tions (n =30, including 15 adults with PFPS and 15 physical therapists as experts) was adopted.

Results: The results showed high levels of system usability (75.1 out of 100) and the mHealth App usability (127.2/147).
Conclusions: This study can contribute to the design and development of the physical therapy mHealth app to provide evidence-
based therapeutic exercise and remotely monitor adults with chronic pain conditions, including PFPS.
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1. Background

The global burden of disease introduced muscu-
loskeletal disorders as the second cause of chronic pain,
leading to global morbidity (1). Among such disorders,
patellofemoral pain syndrome (PFPS) has a prevalence
rate of 25% throughout individuals’ lifespan (2). Approx-
imately 50 - 56% of adolescents experience chronic knee
pain two years after their initial diagnosis (3), which can
have a significant negative impact on the quality of their
lives and decrease their involvement in the activities of
dailyliving (ADL), thereby arousing pain-related confusion
as well as fear and concerns for the future (4).

The onset of symptoms can be gradual, or they can be
acutely developed with increased pain while stair climbing
and descending, prolonged sitting, squatting, jumping, or
running, especially with hills (5). Many pathoanatomic
associated with symptoms are reflected in the numerous
therapeutic management (6). Moreover, physical therapy

is the core discipline where interventions are tailored to
individuals’ needs and clinical manifestations (7). Among
physical therapy modalities, exercise therapy is one of
the valuable interventions highly recommended for man-
aging PFPS (5, 8). Despite such recommendations, vari-
ous factors such as accessibility, mobility limitations, time
constraints, transportation difficulties, and costs limit ac-
cess and adherence to physical therapy interventions (9).
Furthermore, barriers are caused not only by the above-
mentioned factors but also by social distancing policies to
reduce COVID-19 transmission, leading to the rapid pro-
motion of Tele-rehabilitation (TR). TR is defined as "the
use of information and communication technologies as a
medium for the provision of rehabilitation services” (10).

Tele-rehabilitation (TR)is an emerging system for deliv-
ering rehabilitation using communication technologies
to assist clinicians, patients, and health services in over-
coming distance, time, and cost challenges (11). Tele-
rehabilitation (TR) can facilitate access to health services
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in an individual’s home. Besides, it can facilitate more
frequent therapist evaluations and more objective data,
thereby preventing data loss (12, 13). Increasing evidence
has documented the use of TR for managing musculoskele-
tal dysfunctions (14). Studies have reported that TR can
provide positive outcomes similar to face-to-face interven-
tions under different conditions, including knee arthro-
plasty (15), low back pain (16), multiple sclerosis (17), stroke
(18), and Parkinson’s disease (19). Previous studies have
also reported high adherence to TR-delivered interven-
tions (20).

One approach to delivering TR services is using mobile
health (mHealth) apps, which have provided promising re-
sults in managing chronic conditions (21-23). As with any
new service, an assessment should is required to ensure
whether the mHealth app serves its intended purpose and
how well the app functions (24). The usability assessment
isessential to ensure thatapps are easy to use, efficient, and
acceptable by the users (25); hence, it is recommended be-
fore implementing the apps (26).

2. Objectives

This study aimed to examine the usability of an appli-
cation designed and developed specifically for PFPS called
the Vito app.

3. Methods

The study procedure involved two phases: (1) design-
ing and developing the Vitoapp, and (2) evaluating the us-
ability of the Vitoapp using mixed methods (interview &
useability evaluation by field testing) (Figure 1). A prospec-
tive cohort design was applied for this usability study (in-
dividuals with PFPS as users and physical therapists as ex-
perts). The field testing method was selected from avail-
able usability evaluation methods, and the query tech-
nique was applied (25, 26). This method allows observation
of how participants use the app in real life.

3.1. Study 1: Design and Development of the mHealth Vitoapp

3.11. Participants and Sampling

In this phase, eight individuals with PFPS achieved the
theoretical saturation limit, which was between 5 and 50
participants regarding the research topic (27) (Table 1).

Table 1. Demographic Features of Individuals with PFPS (n =15)

Variables Number Mean t SD
Gender
Male 7
Female 8
Age (18-55) 3175 + 6.04
Marital status
Single 6
Married 9
Level of education
High school diploma 4
Bachelor’s degree 7
Master’s degree 4
Doctoral degree
Place of residence
Rural
Suburban
Urban 15
Years of using mobile devices (y) 1150 £ 1.77
> 10 15
<10
Experience of using telehealth
No experience 15
< 3months
3-6 months
6 months -1year
> lyear
Experience of using mobile apps
None
Low
Medium 7
Acceptable 5
High 3

3.1.2. Procedure for Vitoapp Design and Development

Face-to-face interviews were conducted to detect desir-
able features to be included in the app. The interview took
place in a physical therapy clinic, and one of the authors
guided the one-hour discussion meetings in a friendly at-
mosphere for approximately in two days.

This semi-structured interview contained four general
open-ended questions:

(1) Whatwas your experience of doing exercises at phys-
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Figure 1. Research flow diagram

Table 2. Summary of Themes and Subthemes Emerged from First Phase of Interviews

Themes Subthemes Codes
Exercise therapy program Not considering exercises in the treatment plan, not receiving feedback
on performance during exercise, and not having a clear picture of the
long-term treatment plan.
Treatment
Exercising Not following the exercise program due to forgetfulness, forgetting how
to do exercises, or not doing exercises correctly.
Consultation Training and guidance Lack of sufficient information about impairment and required changes

in lifestyle, limited access to a physiotherapist when having a question
or a problem during his/her exercise at home.

Content

Providing exercises in the form of short videos, clarity,
comprehensibility of training videos, and explaining exercises using a
simple language

Features of remote exercise app
Access

Access to the application on a computer

iotherapy clinics?
(2) What problems do face-to-face treatment have?

(3) What were your perceptions, experiences, and pref-
erences for distance physical therapy?

(4) We are working on an application to provide re-
mote treatment for patients with patellar pain. Which fea-
tures would you like to observe in the remote exercise app?

Interviews were audio-recorded; transcriptions were
transcribed verbatim to identify emerging themes and
subthemes using a thematic analysis approach (Table 2).

Themes emerged from the interviews show that par-
ticipants appreciate the following options: Exercise videos
with high quality, clear step-by-step exercise instructions
explanation, opportunity to communicate with their phys-
ical therapists, high-quality content (evidence-based in-
formation and treatment), symptom and performance
recording, receiving feedback from their physical thera-
pists, and information about their status. We have consid-
ered these suggested options in the content development
of Vitoapp and the design of its user interface (UI).

Shiraz E-Med |. 2022; 23(12):e126461.

3.1.3. Vitoapp Design and Development

The Vitoapp intervention aimed to create an evidence-
based tele-exercise program compatible with Windows,
Android, or IOS operating systems (phones or tablets). The
progressive web application (PWA) approach was selected
due to the ease of content updating, accessibility on dif-
ferent platforms, simplicity, and ease of use. Moreover,
the PWA approach can guarantee advantages to user ex-
perience optimization, application performance, develop-
ment team efficiency, and accessibility compared to native
and cross-platform approaches (28).

The researchers produced exercise videos and educa-
tional articles to be delivered throughout a six-week pro-
gram. The exercise videos included stretching, strength-
ening, and balance exercises derived from Patellofemoral
Pain Clinical Practice Guidelines developed in 2019 by the
academy of orthopaedic physical therapy of the American
physical therapy association (APTA) (5).

The Vitoapp design was informed by the interview find-
ings in Phase 1and included the following features:

« Information and advice: Having contents on social
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Figure 2. From left to right: Role identification, physical therapist’s home page, practitioner selection, and patient’s home page

cognitive theory, this app aimed to enhance self-regulated
ADL. This section briefly defines PFPS, common symptoms,
treatment options, medications, and physical therapy. It
also includes instructions about safe transition and mobil-
ity, such as sitting, standing up, stair climbing, and walk-
ing (Figures 2 - 5).

o Exercise plan: Exercise videos with detailed narra-
tive instructions focus on a range of motions, muscular
strength, functional strength, and balance. At the end of
each session, the users report their pain level using a Visual
Analogue Scale (VAS). If the patient’s pain level is between
1and 3, they will be instructed to continue their exercises.
When their pain level is between 4 and 6, the number of
sets and repetitions will be automatically decreased to 2
sets and 7 repetitions, and if their pain level is between 7
and 10, they will be asked to stop exercising immediately
and visit their physician.

» Assessment: In this section, the Kujula questionnaire,
whichisaresponsive outcome measure for monitoring the
user’s progress and effectiveness of interventions (29), is
completed. The app recommends conducting a functional
assessment in the first exercise session and at the end of
the 2nd, 4th and 6th weeks of exercise therapy. The an-
swers to the Kujula questionnaire and the resulting scores
arerecorded in the patient’s personal calendar, which is ac-
cessible to the patients and their practitioners.

o Calendar: The overview screen shows a monthly cal-

endar. A green check icon indicates that the session is
carried out, and the orange circle icon implies that exer-
cises are not completed. The functional assessment results,
brief information about pain level, and patient’s perfor-
mance on their exercises are visualized (Figure 4).

o Message: The users can report any trouble or dis-
comfort to their physical therapists via instant messaging.
Physical therapists can answer these questions via messag-
ing and adapt the existing exercise based on feedback, for
example, by modifying the frequency and/or repetition of
each exercise or removing the exercise from the program
(Figure 3).

e Reminder: The patient is informed of the time speci-
fied for answering the Kujula questionnaire in this section.

 About us (Info): This section explains the main func-
tions of the app and gives contact information for the re-
search team who developed the app and also supervised
the present study.

Along with these options, the patients have their per-
sonal information, including gender, age, weight, phone
number, and others as well as a brief history of their im-
pairment recorded on their profile, which is available for
their selected physical therapist in the "patients" section
on their home page

Shiraz E-Med ]. 2022; 23(12):e126461.
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Figure 3. Exercise plan

3.2. Study 2: Evaluation of the mHealth App

3.2.1. Participants and Sampling

The study was conducted at the musculoskeletal re-
habilitation research center affiliated with the Jundisha-
pur university of medical sciences (AJUMS). The ethics
committee approved all procedures of AJUMS (Code:
IR.AJUMS.REC.1400.052). The participants were selected via
phone calls using a convenient sampling method. First,
written informed consent was obtained from all partici-
pants. A total of 30 participants, 15 individuals with PFPS
and 15 physical therapists, participated in the study (Ta-
bles 3 and 4). The sample size was determined according
to Dworkin’s study (27), who argued that a small number
of participants (10 + 2) are sufficient for identifying the us-
ability issues. Moreover, Maramba et al. showed that the
minimum and maximum sample sizes in studies using a
mixed (multi) method are 4 and 450 subjects. Accordingly,
a convenient sample size for this study was 38 (30).

Inclusion criteria for individuals with PFPS were the di-
agnosis of PFPS by their distinct physical therapist and age
range of 18 - 55 years. They were excluded if they had the
conservative or surgical treatment of the affected knee in
the past six months or if they had any previous injury or
pain in the ankle or hip joints. Inclusion criteria for physi-
cal therapists were having at least five years of experience
in knee rehabilitation.

Shiraz E-Med ]. 2022; 23(12):e126461.

3.2.2. Usability Evaluation Procedure

Two cohorts were created for the usability testing of
the Vitoapp over a three- week period. The first cohort
(named experts) encompassed physical therapists using
the app to monitor and manage the exercise therapy ses-
sions of individuals with PFPS, who were invited to partic-
ipate via phone calls and in-person meetings from differ-
ent cities of Iran (Ahwaz, Tehran, and Shiraz). The second
cohort (named users) encompassed individuals with PFPS
who used the app to perform the exercise therapy. The
term "participants" refers to both experts and users. Af-
ter obtaining informed consent, the participants’ demo-
graphic characteristics were recorded. The participants
were then instructed to login to the Vitoapp; however, they
could not sign up if their accounts were not confirmed by
their selected physical therapist (for the users) or the Vito
support team (for the experts). After login, all contents
were made available to the participants.

The users were encouraged to use the app on their cell
phones or tablets for 3 - 5 days per week during 50 minutes
exercise sessions for three weeks. This included a total of
20 videos classified as stretching, strengthening, and bal-
ance exercises. The users received step-by-step narrative in-
structions on each video describing how to do the exercise.
When the user is prepared enough, he[she clicks "start" and
exercise videos are presented when all exercises are com-
pleted. Moreover, the user clicks "Done" and answers post-
exercise questions on pain level and discomfort (Figure 5).
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The obtained results were sent to a physical therapist via
instant massaging. After three weeks, usability question-
naires were completed by the participants.

3.2.3. Outcome Measures

The ISO 924111 standard specifies three dimensions of
usability: effectiveness, efficiency, and satisfaction. More-
over, the following questionnaires are used to assess the
three aspects of usability.

3.2.4. System Usability Scale (SUS)

The System Usability Scale (SUS) is a widely used scale
to quantify satisfaction with a wide range of products. This
questionnaire contains 10 items scored on a five-point Lik-
ert scale, with 1 for strongly disagree and 5 for strongly
agree (31). The total score ranged from 10 - 100, with higher

scores representing higher usability. The test-retest relia-
bility and the validity of the Persian version were also ap-
proved (ICC=0.96) (32).

3.2.5. mHealth App Usability Questionnaire (MAUQ)

The mHealth App Usability Questionnaire (MAUQ) was
developed to evaluate the usability of mHealth for both pa-
tients and providers. Since the Vitoapp is an interactive
service, the interactive versions of MAUQ for patients and
providers were used. Both versions have 21items scored on
a seven-point Likert scale, with 1 for strongly disagree and 7
for strongly agree. To evaluate the app’s usability, the total
score was calculated, and the mean score of all items was
determined. The higher the total mean score, the higher
the app usability (33).

Shiraz E-Med ]. 2022; 23(12):e126461.
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3.2.6. Statistical Analysis

The collected data was analyzed with SPSS software ver-
sion 22. The Shapiro-Wilk test verified the normal distri-
bution of variables. The descriptive analysis was reported
as mean (+ SD) and a confidence interval (CI 95%) for vari-
ables.

4. Results

Thirty participants, including 15 individuals with PFPS
and 15 physical therapists, participated in this usability
study. Tables 1 and 2 shows the participants’ demographic
information.

4.1. System Usability Scale (SUS)

The Vitoapp usability was assessed by the two groups
of users participating in the study using the SUS (Table 3).

Shiraz E-Med ]. 2022; 23(12):e126461.

The mean scores of the SUS were74.83 out of 100 (SD =13.18)
in the user group and 71.50 out 0of 100 (SD=7.41) in the phys-
iotherapist group, indicating the high usability of the sys-
tem

4.2. mHealth App Usability Questionnaire (MAUQ)

The usability evaluation based on the MAUQ results
showed that the mean scores of this questionnaire were
125.60 out of 147 (SD =11.19) in the expert group and 127.44
out of 147 (SD =12.62) in the user group. The three factors
corresponding to the three subscales on the MAUQ are ease
of use and satisfaction (8 items), system information ar-
rangement (6 items), and usefulness (7 items). The results
of the MAUQ questionnaire subscales are summarized in
Table 5.

In the physical therapist group: SUS (Max. score = 80
and Min. score = 60), MAUQ (Max. score =137 and Min. =
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Table 3. Physical Therapists’ Demographic Features (n=15)

Table 4. Patients’ Demographic Features (n=15)

Variables Number Mean t SD
Gender
Male 7 =
Female 8 -
Age (18-55) - 34.00 £ 6.12
Marital status
Single 8 =
Married 7 -

Level of education

Bachelor’s 4 -
Master’s 4 -
Ph.D. degree 7 -

Place of residence

Rural 0 -

Suburban (] -

Urban 15 -
Clinical work experience 15 12.40 £ 7.33
Preferential system

Smartphone 15 -

Tablet 0 -

Laptop 0 =

Computer 0 -
Years of using mobile devices (y) 10.20 + 1.09

> 10 13

<10 2

Experience of using telehealth

No experience 6 =
< 3 months ] -
3-6 months 3 -
6 months -1year 3 -
> 1year 3 o

Experience of using mobile apps

None 0 =
Low 0 -
Medium 7 =
Acceptable 8 -
High 0 -

107). In patient group: SUS (Max. score=95.5and Min
=60), MAUQ (Max. score =146 and Min. =109).

. score

Variables Number Mean + SD
Gender

Male 5

Female 10
Age (18-55Y) - 3155+ 6.64
Marital status

Single 7

Married 8

Level of education

High school diploma 4
Bachelor’s 4
Master’s 5
Ph.D. 2
Place of residence
Rural (0]
Suburban 0
Urban 15
Employment
Not employed 8
Employed 7
Retired or disabled (0]
Knee pain duration 15 8.88+10.67
Preferential system
Smartphone 15
Tablet 0
Laptop 0
Computer 0
Years of using mobile devices (y) 1+ 271
> 10 9
<10 6

Experience of using telehealth

No experience 14
< 3 months 1
3-6 months 0
6 months -1year 0
< lyear 0

Experience of using mobile apps

None 0
Low 0
Medium 3
Acceptable 10
High 2

5. Discussion

The present study aimed to develop a PWA and assess
its usability for both adults with PFPS and physical thera-
pists. To promote TR, users must understand its technol-
ogy and be allowed to adjust themselves to this app. Tech-
nology abandonment can occur when users feel that learn-
ing the TR technology is too complicated or that it requires
specific equipment. This is why both adults with PFPS and
physical therapists were included in this study. High SUS

Shiraz E-Med ]. 2022; 23(12):e126461.
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Table 5. Results of Study Outcome Measures *

Test/Subscales Range Physical Therapists (n =15) Patients (n=15)
sus 10-100 71.50 + 7.41 74.83+ 13.18
MAUQ 21-147 125.60 + 11.19 127.44 £ 12.62
Ease of use and satisfaction 8-56 49.6 £ 4.27 49.00 * 4.89
System information arrangement 6-42 34.8+ 4.43 36.77* 3.49
Usefulness 7-49 412+ 319 4177+ 471

#Values are expressed as mean + SD.

and MAUQ scores obtained for both patients and experts
indicated the high usability of this app, confirming the hy-
pothesis of having potential therapeutic use at home.

Considering the quantitative data, the app was use-
ful and satisfactory via the evidence-based exercise pro-
gram and instruction, exercise diary, and clinical outcome
measures. The findings of this study are in agreement
with some other studies in medical and rehabilitation lit-
erature. Some disorders were MS rehabilitation (17) and
Parkinson’s disease (19), and the present study focused
on musculoskeletal disorders such as low back pain (34),
Frozen shoulder (22), and RA (35). However, to date, there
is no exercise app developed for individuals with PFPS. Our
usability evaluation results were reliable due to the hetero-
geneity of users involved in the study in terms of their age
groups, gender, level of education, and different levels of
experience of using tele-rehabilitation, as well as the ho-
mogeneity of experts in charge of training and supporting
the users.

The usability study was based on a three-week evalua-
tion, during which the users were asked to use the app in
their daily lives at home rather than in a controlled clinical
setting. Accordingly, it seems to be close to the real needs
of patients using tele-rehabilitation services. Moreover, in
contrast to other studies (22, 36, 37), considering this three-
week trial, assessing the remote monitoring of patients by
a physiotherapist was possible; hence, all the users were
given a convenient time to test the application’s aspects
thoroughly, and the usability evaluation was performed by
both physical therapists and adults with PFPS.

5.1. Limitations

This study had a few limitations. First, although a sam-
ple size of 30 may be sufficient for detecting usability is-
sues, the generalizability of the findings is limited to indi-
viduals with similar conditions and impairments. Second,
all participants preferred to use the application on their

Shiraz E-Med ]. 2022; 23(12):e126461.

mobile phones among other available options; hence, it
was not possible to assess the application usability on the
Windows operating system. Third, controlling the correct-
ness of exercise performance was not possible since send-
ing files in video format was not allowed by the applica-
tion. This option is to be added to the updated version of
Vitoapp in the future.

Further studies to determine the effectiveness of Vi-
toapp in comparison to face-to-face interventions in a ran-
domized controlled trial are also recommended.

5.2. Conclusions

In this study, an evidence-based exercise therapy app
was developed for adults with PFPS, and its usability was
confirmed by users’ high usability scores. This app can be
used by physical therapists to provide evidence-based ther-
apeutic exercise and remote monitoring for adults with
PFPS.

5.3. Summary Table
5.3.1. What Was Known

« Tele-rehabilitation (TR) improves access to health ser-
vices and can facilitate more frequent therapist evaluation,
provide more objective data, and prevent data loss.

« There is increasing evidence investigating the use of
TR for managing musculoskeletal dysfunctions.

« Considering the rapidly growing use of mHealth ap-
plications, developing based on the latest evidence and
having usability confirmation is crucial for being effective.

5.3.2. What This Study Adds

« An evidence-based application (Vitoapp) was devel-
oped in this study to allow physical therapists deliver care
and monitor patients remotely. A usability evaluation was
also conducted as the final step before publicly launching
the app.

« Vitoapp can be used by physical therapists and adults
with PFPS.
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