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Designing a Mobile Phone Application for Self-Management of Knee 

and Lumbar Osteoarthritis: A Usability and Feasibility Study 
 
Abstract 

Aim: This study aims to outline the major phases involved in developing a 

mobile app for self-management of knee and lumbar osteoarthritis. 

Method: This developmental research had three phases, including, content 

selection, application design and development, and evaluation. First, a 

questionnaire was created based on the literature review, and its content 

validity index (CVI) and content validity ratio (CVR) were measured by 15 

specialists. To approve the contents of the app, the 15 rheumatologists used 

the Delphi technique. The application was designed using Android 

programming tools after the content was selected. SQLite was also used to 

develop a database. Finally, 12 patients evaluated the application's usability 

through the questionnaire for user interaction satisfaction (QUIS). 

Results: Based on the rheumatologists' preferences for information content 

and format, 45 key data elements were specified in 8 sections. The 

application was then built, which included six primary modules: medical 

records, educational information, disease management, record activities, 

reminders, and reporting. Finally, the application's usability was praised 

(7.56 out of 9). The application was updated with the necessary 

improvements based on user feedback following the evaluation. 

Conclusion: app evaluating is currently underway to verify the 

application's usability and feasibility, and its effect on osteoarthritis 

outcomes linked to pain control and physical activity will be investigated 

in future studies. 

Keywords: Osteoarthritis, Smartphone, Mobile Health, Self-Management, 

Usability, Feasibility 

 

he global aging population, defined as people aged 65 and 

older, is continuing to grow as a result of global 

demographic shifts. The rising population of the elderly, the 

frequency of chronic diseases, and COVID-19 outbreaks face 

healthcare systems with a multitude of issues. These problems put 

pressure on health systems to handle patients effectively, reduce 

risk factors, and enhance patient outcomes (1, 2). 

Chronic diseases are becoming a great burden on healthcare 

systems, accounting for more than 80% of primary care and 70% 

of medical emergencies (3). Osteoarthritis is a chronic condition. It 

is so common that the United Nations has named the first decade of 

the twenty-first century as the Decade of Bone and Joint Disease on 

behalf of the World Health Organization (WHO) (4). It is one of the 

variables that causes pain and disability in adults and the elderly 

around the world, lowering their quality of life.  
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Osteoarthritis is becoming increasingly 

common (5). The most frequent type of this 

disease is osteoarthritis of the knee and spine 

(6, 7). This illness is commonly treated with 

pharmacological and non-pharmacological 

methods such as weight loss, exercise, diet, and 

physical therapy (8). 

Providing patients with self-management 

education and physical activity programs are 

the most effective ways to control the disease 

(9). Self-management was defined by Fletcher 

et al.'s study as "an individual's ability to 

manage symptoms, treatment, and physical and 

psychological implications of the disease, and 

make lifestyle modifications necessary to live 

with a chronic condition." Efficient self-

management is defined as the ability to monitor 

one's situation and influence cognitive, 

behavioral, and emotional reactions as required 

to maintain a satisfactory quality of life. 

Moreover, it concerns constructing a dynamic 

and continuous self-regulation process (10). 

In this regard, with technological 

advancements, health information technology 

(HIT) can play an important role in disease 

management as well as epidemic prevention  

and control. Mobile health application 

technologies are the most common among them 

(11-13). Researchers can now support disease 

management with a variety of positive changes, 

including increased knowledge, increased 

physical activity, short-term weight loss, 

decreased anxiety, improved self-confidence, 

emotional well-being, and improved quality of 

life. They are all possible through the 

contributions made by smartphones with open 

architecture (14). 

Patients with chronic diseases greatly 

demand services provided by mobile health 

apps, especially during pandemics (15). This is 

because they can learn more about their 

conditions and take an active role in their 

treatment by using self-management 

applications (16). 

Accordingly, the authors decided to describe 

the design, development, and evaluation phases 

of a new mobile application for enhancing 

patients' physical activity and self-management 

in knee and lumbar osteoarthritis in this study. 

This app is named ASKLO, which stands for 

application for self-management of knee and 

lumbar osteoarthritis. 

Method 

Study design 

In this developmental study, a multi-method 

approach was applied in three phases, including 

the use of a structured interview and 

questionnaire: 

A- Content Selection 

This phase was performed as follows: 

1.Questionnaire design 

A questionnaire based on the literature with 

eight sections was created. Respondents were 

asked to complete a series of demographic and 

background questions in the first part of the 

questionnaire. The remaining parts included 

topics such as lifestyle, clinical information, 

laboratory and radiographic findings, patient 

training, self-management, and application 

capabilities. 

It also included an open-ended question to 

look for potential data items. The content 

validity ratio (CVR) and the content validity 

index (CVI) were calculated by asking 15 

experts in medical informatics, health 

information management, and rheumatology to 

score each item to determine the 

questionnaire's content validity. 

The CVR is a scale that measures the 

importance of an issue and ranges from 1 to 1; a 

higher number suggests more agreement 

among panel members. CVR = (Ne – 

N/2)/(N/2), where Ne is the number of 

panelists who believe an item is "important" 

and N is the total number of panelists (17). 
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CVI is a numerical figure that represents the 

degree of validity of an instrument as evaluated 

by experts. Generally, a CVR of at least 0.78 

implies that an item or scale is valid (18). 

According to the Lawshe table, the minimum 

acceptable CVR value for a sample of 15 experts 

is 0.49. The questionnaire was omitted from 

those questions with a CVR value of less than 

0.49. The CVI index had to be at least 0.79 to be 

considered acceptable, and if it was less than 

0.79, the item was eliminated. Cronbach's alpha 

was used to determine the questionnaire's 

percentage of reliability (82%). 

These calculations were performed with 

SPSS-20. 

2. Delphi technique  

Following revisions, the questionnaire was 

sent to a Delphi expert panel comprised of 15 

rheumatologists with more than 5 years of 

experience. The Delphi technique was used to 

decide whether or not an item was required. 

There were five possible attributions for each 

domain and item (from "very high necessity" 

with five points to "very low necessity" with one 

point). 

Experts determined mean scores for each 

item. A mean score of greater than 50% 

indicated item acceptability, and a mean score 

of less than 50% indicated item unacceptability. 

A list of data elements was chosen for use in the 

app based on the final panel's rating. 

B- Design and Development 

Several scripts for the application were built 

after content and functional capabilities were 

determined, including scenarios for entering 

clinical information, adding information to the 

database, and setting reminders. The system's 

conceptual model was then depicted using a 

visual paradigm to define functional, structural, 

and behavioral models among data elements by 

generating UML diagrams (class, activity, use-

case, and sequence). The application was then 

created using Eclipse (V.22.2.1) and the Android 

Development Tools. 

Furthermore, SQLite was used to develop the 

database, which is a popular choice because it is 

used by a variety of browsers, operating 

systems, and embedded systems (such as cell 

phones) nowadays. Many programming 

languages have SQLite bindings. 

C- Evaluation and Revision  

A usability study on ASKLO was conducted 

with 12 participants to assess the application's 

usefulness. Six patients with knee osteoarthritis 

and six patients with lumbar osteoarthritis took 

part in the study. The selection criteria included 

being available, owning an Android 

smartphone, knowing how to use cell phone 

apps, and having an Internet connection. The 

usability of the system was assessed in this 

phase using a questionnaire for user interaction 

satisfaction (QUIS). 

QUIS is a tool for determining a computer 

user's subjective satisfaction with a human-

computer interface. It was created at the 

University of Maryland, at College Park's 

human-computer interaction laboratory (HCIL). 

A demographic questionnaire, a measure of 

overall system satisfaction, and a measure of 

specific interface factors, including screen 

visibility, terminology, system information, 

learning variables, and system capabilities, 

were all included. 

On a 9-point Likert scale, each domain 

assessed users' overall satisfaction with that 

aspect of the interface and the variables that 

formed that aspect. The questionnaire was 

designed to be customized for each interface 

analysis, with just the parts relevant to the user 

included. The evaluation of the data was 

conducted in SPSS-22 using descriptive 

statistics. 

It's worth noting that the impact of the 

application on patients' self-management was 

not evaluated in this study. 
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Results 

At first, the literature review yielded 48 features 

and their associated elements, which were then 

implemented into the application. During the 

CVR and CVI processes, two components related 

to demographic data were eliminated. After 

using the Delphi technique, researchers added a 

reminder for medicine and examination, as well 

as e-mail communication with a doctor, to the 

capabilities section, and medication was 

withdrawn from the patient education area. 

Table 1 shows the final results of Delphi as 

content of ASKLO. 

After that, a prototype of the application was 

created. As seen in Figure 1, the ASKLO app's 

home screen contents are as follows: 

1.The medical records module included a 

diary of self-reported information about 

treatment and self-management as well as 

personal medical data such as laboratory test 

results, radiology reports, family history, 

surgery history, allergies, and social history. 

2.The educational information module 

provided information about diseases and 

treatments. 

3.Daily weight, exercise, nutrition, and 

symptoms were all tracked in the record 

activities module. 

4.There were three reminders in the module 

of reminders: exercise, diet, and doctor's  

visits. 

5.There were three themes in the disease 

management module: nutrition, physical 

activity, and stress management. 

6. The report's module covered 

laboratory tests, medical imaging, disease 

signs, patient conditions, therapies employed, 

vitamin consumption, therapeutic history, 

weight changes, and physical activities. 

Table1: Results of the survey regarding content determination of ASKLO 

Data elements Mean percentage 

1 
Demographic 
information  

Full name  3.93 78.6 
Age  4.47 94.8 
Gender  4.77 95.4 
Occupation  4.5 90 
Weight  4.87 97.4 
Height  4.9 98 
Geographical area  4.29 85.8 

2 Life style  

Physical activity  4.67 93.4 
Nutrition  4.48 89.6 
Smoking    4.16 83.2 
Mental stress  4.48 89.6 

3 
Clinical 
information 

Symptoms  

Knee pain  4.9 98 
Back pain  4.93 98.6 
Reduced functioning  4.83 96.6 
Morning fatigue less than 30 seconds 4.58 91.6 
The rubbing sound with joint and 
crypto movements  

4.51 90.2 

Swelling and loss of joint flexibility 4.67 93.4 

Other underlying 
diseases 

Rheumatoid arthritis 4.67 93.4 
Other rheumatic diseases 4.45 89 

4 
Laboratory 
findings  

Calcium  4.32 86.4 
Vitamin D 4.5 90 
CBC 4.22 84.4 
Ferritin  3.77 75.4 
Phosphor  3.77 75.4 

Radiology findings  Radiography of affected joints  4.33 86.6 
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Data elements Mean percentage 

5 
educating the 
patient on 

Types of disease 4.58 91.6 
Different symptoms of the disease 4.51 90.2 
Medications 0.7 1.4 
Facilitating  factors 4.83 96.6 
Types of diagnostic methods of the disease 3.9 78 

6 
Lifestyle 
management  

Nutrition 
Patient's knowledge on proper nutrition 4.47 94.8 
Providing information about its ingredients 4.54 90.8 

Exercising to reduce pain such as aerobics, yoga, and ... 4.67 93.4 

Traditional pain 
treatments 

Massage therapy 4.32 86.4 
Hot water bags 4.32 86.4 
Herbal remedies 4.32 86.4 

Stress management 4.74 94.8 

7 
Capabilities of 
the application 

Alerts and 
reminder 

Exercise 4.83 96.6 
Nutrition 4.83 96.6 
Medications 0.7 1.4 
Examinations 0 0 
Doctor's visit 4.93 98.6 

BMI calculation 4.93 98.6 
Contacting a doctor by Email, … 0.7 1.4 
Recording the activity's level 4.83 96.6 

 

Figure 1: ASKLO screenshots 
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Afterward, the application was installed on 

the users' phones, and its Android compatibility 

was confirmed. Patients were then asked to log 

into the application and enter clinical 

information such as medical history, laboratory 

test results, radiology reports, doctor's 

appointments, and daily activities including 

food consumption and physical activities. Then, 

they used a QUIS to evaluate the application's 

functionality, ease of access, and use of various 

sections. 

Following the evaluation, the application was 

upgraded to include user feedback and make 

the necessary modifications. Some of the 

suggestions were to add daily notes and a way 

for patients with osteoarthritis to share their 

experiences; upload radiographic images; 

modify the font of the words; the background 

and color of pages; and add more educational 

information about sports activities and 

nutritional diets to reduce pain in osteoarthritis. 

Finally, as shown in Table 2, participants 

indicated that ASKLO's usability was at an 

anticipated level (7.56 out of a possible 9). 

Table2: Results of the usability evaluation regarding ASKLO 
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Overall system satisfaction 

1 
The general 
function of the 
program 

- - - - - - 1 8.33 8 66.66 3 25 0 0 7.16 0.6 

2 
Ease of using 
the program 

- - - - - - 4 33.33 4 33.33 3 25 1 8.33 7.08 1.04 

3 How the user 
feels about 
working with 
the program 

- - - - - - 0 0 4 33.33 5 41.66 3 25 7.91 0.77 

4 
The general 
design of the 
program 

- - - - - - 1 8.33 5 41.66 6 50 0 0 7.41 0.68 

5 
Continuous 
work with the 
program 

- - - - - - 0 0 6 50 6 50 0 0 7.5 0.52 

6 
Program 
setting 
capabilities 

- - - - - - 3 25 4 33.33 4 33.33 1 8.33 7.25 1 

Screen visibility 

7 

The readability 
of the letters 
on the screen 

- - - - - - 2 16.66 5 41.66 2 16.66 3 25 7.5 1.12 

8 

easily perform 

The tasks 
using specific 
phrases in the 
program 

- - - - - - 1 8.33 7 58.33 3 25 1 8.33 7.33 0.80 

9 
Organization 
of information 

- - - - - - 3 25 4 33.33 5 41.66 0 0 7.16 0.87 

10 

The sequence 
of screen 
pages 

- - - - - - 3 25 7 58.33 2 16.66 0 0 6.91 0.70 

Terminology and system information 
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11 
Use of terms in 
the program 

- - - - - - 3 25 6 50 1 8.33 2 16.66 7.16 1.1 

12 

A set of terms 
related to 
work in the 
program 

- - - - - - 1 8.33 7 58.33 2 16.66 2 16.66 7.41 0.93 

13 

Location of 
messages on 
the screen 

- - - - - - 2 16.66 7 58.33 1 8.33 1 8.33 6.5 0.93 

14 

Message to 
record 
essential data 

- - - - - - 3 25 6 50 2 16.66 2 16.66 7.83 0.75 

15 

Program 
messages 
about 
completing 
tasks 

- - - - - - 5 41.66 4 33.33 2 16.66 2 16.66 7.66  

16 

Error 
messages in 
the program 

- - - - - - 5 41.66 7 58.33 0 0 0 0 6.58 0.52 

Learning factors 

17 

Learning to 
work with the 
program 

- - - - - - 5 41.66 3 25 2 16.66 2 16.66 7.08 1.01 

18 

Finding 
program 
properties 
through trial 
and error 

- - - - - - 6 50 2 16.66 1 8.33 1 8.33 5.58 0.89 

19 

Memorizing 
names and 
using program 
capabilities 

- - - - - - 2 16.66 6 50 3 25 3 25 8.75 0.67 

20 

Performing 
tasks quickly 
and easily 

- - - - - - 2 16.66 6 50 3 25 3 25 8.75 0.94 

21 

Instructional 
messages on 
the screen 

- - - - - - 5 41.66 5 41.66 2 16.66 2 16.66 8.25 0.78 

22 

Supplementary 
educational 
references 

- - - - - - 4 33.33 4 33.33 2 16.66 2 16.66 7.16 1.03 

System capability 

23 Program speed - - - - - - 5 41.66 3 25 3 25 2 16.66 7.75 1.02 

24 
Program 
availability 

- - - - - - 4 33.33 6 50 2 16.66 1 8.33 7.58 0.75 

25 Multiple 
program 
capabilities 

- - - - - - 3 25 3 25 6 50 3 25 9.5 0.9 

26 

Correcting the 
user's errors 
when entering 
data 

- - - - - - 2 16.66 4 33.33 5 41.66 3 25 8.91 1.04 

27 

Suitable design 
for different 
users 

- - - - - - 3 25 6 50 3 25 3 16.66 8.5 0.77 

The total sum of mean and standard deviation 7.56 0.85 
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Discussion 

Lifestyle adjustments have become increasingly 

important for enhancing the quality of life and 

managing chronic disease symptoms. It's critical 

to keep track of lifestyle and clinical data, as 

well as a variety of data variables like age, sex, 

weight, and medical history as key causes of 

osteoarthritis (19). According to several studies, 

the use of cell phone applications or other 

electronic interventions has a significant impact 

on improving health status monitoring, positive 

lifestyle changes, and patient awareness and 

self-confidence (20–25). Below are some 

examples: 

In their study, Dahlberg et al. explained that 

"joint academy, a web-based platform for 

osteoarthritis therapy, has the potential to 

successfully deliver individualized online 

treatment to many patients with osteoarthritis 

who currently lack access to treatment" (26). 

Jones et al. found that health technologies 

provide continuous, real-time feedback to 

patients with osteoarthritis on their overall 

level of activity. It is for a more proactive, 

personalized approach to treatment that may 

help modify behavior and assist with self-

management through treatment support in the 

form of motivational messaging (27). 

Hawamdeh et al. developed a decision 

support system (DSS) to anticipate physician-

recommended rehabilitation programs for 

patients with knee osteoarthritis. This method 

correctly predicted the treatment 

recommended by the physician in 87 percent of 

cases. This DSS is primarily based on the 

demographic and clinical characteristics of the 

patients (28). 

In their study, Rao et al. revealed the 

potential for tele-rehabilitation to increase 

access to care and lower costs for patients with 

osteoarthritis living in rural areas (29) 

Kao et al. assessed the impact of a self-

management program on the quality of life for 

elderly people suffering from knee 

osteoarthritis. Finally, they discovered that "the 

arthritis's self-management software enhanced 

the participants' psychological outcomes; but, it 

had no meaningful influence on their self-

reported disability level (30). 

The ASKLO is a technology-based tool 

designed to assist people with knee and lumbar 

osteoarthritis in making lifestyle changes. 

A spate of smartphone applications have 

been developed to help with disease self-

management. All of them are based on three 

axes: the user, the application's features, and 

the behavior change. Because users' cultural 

and social contexts are just as important as 

scientific and technical issues (15), involving 

patients as co-designers in an application's 

creation with physicians, academics, and 

application designers is more effective in 

providing high-quality and individualized care 

to each patient (31-37). 

As Tomita et al. in their study said, "An 

interdisciplinary team and a patient-centered 

design were vital to achieving a comprehensive 

mHealth approach directed to improving 

therapy management, patient empowerment, 

and patient-provider interactions" (38). 

Aside from that, De Sola et al. observed that 

better collaboration between patients and 

physicians is needed for high-quality 

applications, and academic developers' 

engagement is particularly helpful in studying 

and analyzing mobile applications in 

rheumatology using the mobile application 

rating scale (MARS) (39). 

Also, Petersen et al. in their study 

enlightened, "Users in our study considered it 

crucial that healthcare professionals introduce 

the app because it created a trust. Some users 

were afraid of using self-selected apps because 

they might contain out-of-date or incorrect 

information" (35). 

On the other hand, patients' awareness of 
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their health and pain management is 

particularly effective in improving their lifestyle 

and preventing further disease complications 

and exacerbation (26, 27). Moreover, if 

applications are developed by academics, users 

will assume they are getting accurate and 

evidence-based information (2). According to a 

study by Hsiao et al., patients wanted to know 

who acknowledged the information they were 

given. As a result, application developers' 

qualifications must be scrutinized (15). 

In the present study, a team of academic 

specialists in rheumatology, health information 

management, medical informatics, and also 

patients as end-users collaborated to create the 

ASKLO. 

Regarding the application's features, patient 

communication is one of the most important 

components of its design because it motivates 

patients to use it (40). According to Schuuring 

et al.'s study, "a successful program to enhance 

one's behaviors in controlling heart failure 

entails a multidisciplinary approach to design 

and offering feedback regarding a patient's daily 

record, which can be done through the Internet" 

(38). 

In addition, patients want to talk about their 

online experiences, and it is proposed that they be 

allowed to communicate with the community, 

peers, and specialists (14). Patients are also  

urged to prioritize self-care by being able to  

track their daily activities (41). Reminders of  

daily training programs are extremely helpful  

in self-management, particularly when cell  

phone apps empower older individuals (14, 42). 

As a result, automated message systems, the 

ability to manage and monitor crucial 

indications, and the ability to send prescription 

and appointment reminders have all become 

more common. Although the ASKLO is a 

technology-based tool designed to assist people 

with knee and lumbar osteoarthritis in making 

lifestyle changes, it is not a web-based program. 

Conclusion  

This software is intended to deliver reliable 

information to patients as a tool to help them 

manage their sickness. Furthermore, during 

outbreaks, such an app can provide continuous 

services to limit the exposure of healthcare staff, 

social ties, and the necessity for patients to leave 

their homes and be exposed to the infected 

environment. In a trial phase, the app's usability 

and viability are being assessed. Based on the 

results of the pilot usability research, more 

complex functionality will be added to the app. 

Future research will look into how ASKLO 

helps people with osteoarthritis manage their 

pain and participate in physical activities. 

Despite its advantages, this app has some 

limitations, such as being suited to the Android 

operating system, the Persian language, and the 

fact that it is not a web-based application. As the 

number of individuals who use this app grows, 

more feedback from patients and healthcare 

providers will be received, which will be used to 

improve it. 
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