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Abstract

Osteoarthritis is a common chronic disease that can be better treated with the help of self-
management interventions. Mobile health (mHealth) technologies are becoming a popular means
to deliver such interventions. We reviewed the current state of research and development of
mHealth technologies for osteoarthritis self-management to determine gaps future research could
address. We conducted a systematic review of English articles and a survey of apps available in the
marketplace as of 2016. Among 117 unique articles identified, 25 articles that met our inclusion
criteria were reviewed in-depth. The app search identified 23 relevant apps for osteoarthritis self-
management. Through the synthesis of three research themes (osteoarthritis assessment tools,
osteoarthritis measurement tools, and osteoarthritis motion monitoring tools) that emerged from
the current knowledge base, we provide a design framework to guide the development of more
comprehensive osteoarthritis mHealth apps that facilitate self-management, decision support, and
shared decision-making.

Keywords
arthritis; mHealth; mobile health; smartphone app; osteoarthritis of knee; self-management

Reprints and permissions: sagepub.co.uk/journalsPermissions.nav

Corresponding author: Wonchan Choi, School of Information Studies, University of Wisconsin-Milwaukee, Northwest Quadrant
Building B, Room 3550, 2025 E Newport Ave, Milwaukee, W1 53211, USA. wchoi@uwm.edu.

Author’s note

Wonchan Choi is affiliated to the University of Wisconsin-Milwaukee, USA.

Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.


https://uk.sagepub.com/en-gb/journals-Permissions

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Choi et al. Page 2

Introduction

Mobile health applications (mHealth apps) enable delivery of health services through mobile
devices such as smartphones. mHealth apps can support patients’ self-management of their
health conditions, especially chronic diseases that require a long period of supervision,
observation, care, and special training of the patient for rehabilitation and may leave residual
disability, such as diabetes, asthma, depression, and bipolar disorder.™ In light of the
increasing ownership of smart-phones—68 percent of American adults owned a smartphone
as of 2015 compared to 35 percent in 2011—mHealth apps running on smartphones have the
potential to play an important role in supporting personal health management (i.e. self-
management) by providing up-to-date information on health topics and encouraging
proactive health behaviors.: mHealth apps also have the potential to increase access to
healthcare services and reduce cost if the solutions are designed to address the needs of all
stakeholders and deployed effectively.

Osteoarthritis (OA) is a common chronic disease that occurs in the joints of the knees, hips,
hands, and spine, causing pain, stiffness, and reduced motion. Statistics reveal that OA
causes considerable burden in terms of patients’ quality of life as well as costs for medical
treatments including both direct costs (e.g. drugs and hospitalizations) and indirect costs
(e.g. lost time doing chores including paid help and time lost from work). Knee and hip
replacements were the most common inpatient procedures with almost 1 million surgeries
performed in the United States in 2012. In particular, knee OA was one of the leading causes
of disability that limited the patients’ daily activities such as stair climbing, walking a mile,
housekeeping, and carrying bundles.

OA-related pain and disability can be improved through appropriate treatment such as
exercise, weight control, rest and joint care, medications, and surgery.: In particular, when
physical therapy and medication no longer relieve arthritis pain, total joint replacement
(TJR) surgery is the most common treatment. However, many patients do not seek help for
their arthritis-related symptoms until these symptoms become unbearable due to
misunderstanding of their condition and lack of accurate information about the surgery.
Thus, it is critical for patients to be able to recognize the signs of early-to-moderate OA and
seek the appropriate treatments for the condition, including TJR surgery.

Self-management of OA can enable patients to be better informed about their OA-related
symptoms. Informed patients are better equipped to play a more active role in the shared
decision-making process during which patients and clinicians discuss treatment alternatives
and make decisions based on mutual agreement. Clinical guidelines for OA have endorsed
that self-management can improve outcomes of OA treatment when it is used as a
supplemental tool with medical care, especially for adequately informed patients seeking
OA treatments, including TJR surgery, in a long-term plan.: Effective use of OA self-
management tools, therefore, can facilitate not only the intervention programs targeted at
patient education and behavioral modification: but also the interactions between the patients
and clinicians throughout the OA treatment, that is, shared decision-making. Considering
that the mode of self-management intervention delivery used in previous studies, so far, has
been limited to face-to-face, Internet, and telephone, there is room for utilizing mHealth
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technologies, especially mobile apps, as an effective means of intervention delivery to
enhance the effectiveness of OA self-management.

There have been reviews on mHealth apps as an effective means to deliver health
interventions in different domains such as mental health disorders (e.g. depression, stress,
and bipolar disorder) and the most prevalent health conditions selected by the World Health
Organization (WHO) Global Burden of Disease (e.g. diabetes, asthma, hearing loss, and
migraine).- To the best of our knowledge, however, there is no review focused particularly on
patients’ use of mHealth technology for OA, a significant medical condition that warrants a
review. In this article, we systematically review articles, using different study designs such
as randomized trials, cohort studies, and case reports that develop and/or evaluate mHealth
technologies to help patients self-manage OA and make shared decisions about choosing the
‘right’ treatment methods including TJR surgery with their clinicians. We also survey major
app stores to analyze the main functions of existing mHealth apps for OA management
available in the marketplace. The goal of this systematic review is, therefore, to advance our
understanding of currently available mHealth technologies that can be used for OA
management, specifically targeting the most common joints (i.e. knees and hips) that affect a
large population, as well as to identify the gap to be addressed in future research.

Materials and methods

Literature search strategy

We developed our own literature review protocol to pre-specify and standardize the article
search process (Table 1). We used PubMed, Web of Science, ScienceDirect, Association for
Computing Machinery (ACM) Digital Library, and Institute of Electrical and Electronics
Engineering (IEEE) Xplore Digital Library for our literature search to capture the
interdisciplinary domain of mHealth. Using the Medical Subject Headings (MeSH), we
identified seven relevant search terms regarding OA, in general, and OA of knee and hip
joints, in particular, as they are the most common joints where OA occurs and are the major
cause of disability, especially among older adults:' (a) osteo-arthritis, (b) knee joint, (c) hip
joint, (d) arthroplasty, (e) total joint replacement, (f) total knee replacement, and (g) total hip
replacement. In addition, we identified seven terms regarding mHealth technology: (a)
mobile health, (b) mhealth, (c) m-health, (d) mobile application, () mobile app, (f)
smartphone, and (g) mobile phone. Using these terms, we formulated search queries, which
were then used in the online database search (Table 1). We limited the search results to
original papers in English published in peer-reviewed journals and conference proceedings
between 2007 (start of the smartphone era) and June 2016.

Inclusion and exclusion criteria

Two of the authors together evaluated the titles and abstracts, and in some cases the full text,
of the retrieved articles against our inclusion/exclusion criteria. At this initial stage, full text
of the articles was only reviewed when an inclusion/exclusion decision could not be made
through abstract reviews. We included articles that mentioned (a) the development of
mHealth technologies to monitor and manage OA-related pains and symptoms or to provide
educational content, (b) the development of mHealth technologies to analyze human
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gestures and motions that were considered to be useful for OA management, (c) the use of

mHealth technologies to deliver clinical interventions to OA patients in both pre- and post-
surgery phases, and (d) the use of mHealth technologies to provide decision support related
to OA management.

We excluded articles that did not focus on OA (or related joints such as knees and hips) or
those that did not involve any type of mHealth technologies. Thus, articles that used mobile
technologies in different contexts, such as video game development, simulation, and virtual
augmented reality, which were not directly related to OA management, were excluded.
Furthermore, articles that briefly mentioned OA in the background or related work sections
of the papers were also excluded—these articles usually mentioned OA as an example of
common diseases for adults rather than the main focus of research. In the same context,
articles that used mobile technologies as an auxiliary tool for data collection (e.g. text
messages to engage the participants in the study) were excluded. Finally, we excluded
articles that focused primarily on the effects of clinical interventions for OA treatment
without specific involvement of mHealth technologies in the intervention process.

We conducted an in-depth review of included articles to identify the research themes
addressed in each article and categorized research findings to determine the state of
knowledge. Specifically, we identified the research questions addressed in the study, the type
and purpose of mobile technologies used, target joints examined, findings that are relevant to
use of mHealth technologies for OA management, and for papers that mentioned the use of
human subjects, the characteristics of participants. Due to the inclusive nature of the review
purpose (i.e. to explore the current state of research on the use of mHealth technologies for
OA self-management), the design of the included studies varied. Thus, we did not use a
specific measure to assess the quality of the included studies.

mHealth app review

Results

We followed the search strategy and selection criteria used in a previous app review paper
that investigated existing mHealth apps for OA and other diseases. We searched for
“osteoarthritis” in five online app stores: Google Play, Apple iTunes app Store, BlackBerry
World, Microsoft Store, and Opera Mobile Store. Of the 147 apps identified by the app
search, we included apps if they were (a) categorized in the health, fitness, or medical
categories; (b) centered on OA; (c) developed for humans; and (d) written in English. We
excluded apps that were in the games or entertainment categories, built for animals, and
provided access to journals or magazines. We categorized remaining apps by main features
they provide: provides educational contents or allows users to keep track of OA-related pains
and symptoms or both.

We identified 218 articles from the online database search; after adjusting for duplicates
across different databases, 117 unique articles remained. Of these, 25 articles that met our
inclusion criteria remained for in-depth review (Figure 1).
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Three main research themes emerged from our analysis of included articles: (a) mobile OA
assessment tools—articles that address OA indices to diagnose OA-related symptoms and
pains that can be used in mobile platforms; (b) mobile OA measurement tools—articles that
examine the applicability of smartphones as measurement tools for OA-related joints such as
knees, hips, and ankles; and (c) mobile OA motion monitoring tools—articles that analyze
motions that are directly related to OA or potentially useful to support OA management such
as gait. Figure 2 illustrates the distributions of the included articles by publication year and
research theme.

Mobile OA assessment tools

Articles included in this category present the development and validation of two OA
assessment tools—Mobile Western Ontario and McMaster Index (m-WOMAC)- and
Appropriate Use Criteria for Osteoarthritis of the Knee (AUC OAK)—which are proven to
be effective in diagnosing OA-related symptoms and pains in mobile platforms. The m-
WOMAC demonstrated good validity, reliability, and responsiveness, compatible with the
original paper-based WOMAC (p-WOMAC); OA patients participated in the study
comparing the m-WOMAC versus p-WOMAC did not present any mode preference.
Moreover, patients were able to successfully complete the m-WOMAC index survey
independently and transmit the data to the remote server, which indicates that the WOMAC
can be delivered effectively through mobile apps.

The AUC OAK developed by the American Academic Orthopaedic Surgeons (AAOS)
includes eight criteria and guidelines for knee OA diagnosis and assessment. The AUC OAK
is available on the AAOS website, and as an mHealth app named OrthoGuidelines, which
runs on both Android and iOS devices. Table 2 lists the criteria included in the two OA
assessment tools, which are based on objective measurements of OA-related joints (e.g.
ROM extension/flexion), as well as more subjective, patient-reported outcomes (PROs)
measures (e.g. pain and stiffness).

Although the evidence is limited to only three studies, the use of mobile technologies for
delivering assessment tools is a promising area of research, as proven by the fact that these
professional societies are exploring how to effectively integrate mobile OA assessment tools
into clinical practice. mHealth tools that allow patients access to OA assessment results can
empower them to have a better understanding of their symptoms and get involved in the
shared decision-making process, which is an important part of OA self-management with
positive effects on medical outcomes.»

Mobile OA measurement tools

Avrticles grouped in the second category develop smartphone-based measurement tools for
OA-related joints.” As Table 3 shows, 8 articles (out of 13; 61.5%) focus on knee joints;»™ 3
articles (23.1%) focus on hip joints;» 1 article (7.7%) focuses on ankle joints; and 1 (7.7%)
addresses OA-related joints in general. Articles in this group examine whether smartphone-
based tools can measure the target joint’s functionality as accurately as the standard/
conventional tools. Most of the articles calculate intra- and/or inter-rater reliabilities and
concurrent validity of the smartphone-based tools against their standard/conventional
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counterparts. Two articles investigate the effect of rater’s expertise on the accuracy of
measurements, comparing the measurement results between the less trained examiners (e.g.
first-year physiotherapy students) and experienced examiners (e.g. expert physiotherapists).:
Overall, the studies show promising results and conclude that smartphone-based tools are
reliable and valid for OA-related measurements.

Mobile OA motion monitoring tools

Articles in this group use mHealth technologies to monitor the movements of OA-related
joints and other human motions, including gait, that have the potential to support OA
management.~ These motion-monitoring tools can help OA patients monitor not only the
standardized physical therapy exercises suggested by their physicians but also other motions
in their everyday lives that may affect their OA management. Patients then can share this
data with their clinicians to support shared decision-making. In total, 4 articles (out of 9;
44.4%) analyze gait patterns to determine whether mHealth technology embedded in
smartphones, such as accelerometer sensing, can successfully detect differing human gaits
and distinguish among different types of motions such as running and biking;™ 2 articles
(22.2%) focus particularly on monitoring the movements and behaviors of patients who are
in the pre- or post-surgery phases; and 3 (33.3%) use various sensing technologies to
monitor human motions such as swinging and walking in a golf game and other home
exercises.» These studies highlight that using sensing technologies not only enable clinicians
to remotely monitor patients’ motions but also motivate patients to get involved in exercises
that can facilitate the rehabilitation process. Table 4 provides more details about the study
designs and findings presented in these articles.

mHealth apps for OA management in the marketplace

We found 27 relevant apps for OA as of June 2016. After removing the overlapping apps
across the stores, 23 unique apps remained. Table 5 presents our app search results and the
results presented in a study published in 2013. Each cell reports the number of relevant apps
out of the total number of apps. It is important to note that we identified four overlapping
apps available in multiple mobile operating systems (OSs) providing the same content
regardless of OS type.

Of the 23 unique apps, 14 (60.9%) were developed to provide educational content regarding
OA; 2 (8.7%) allowed users to record and keep track of OA-related symptoms and pain
levels; and 7 (30.4%) provided both the educational content and the pain diary features.

Discussion

Summary of evidence

The purpose of this systematic review was to investigate empirical applications of the state-
of-theart mHealth technologies, especially mHealth apps, that can support self-management
of OA and decision-making related to OA including TJR surgery. Based on our in-depth
review of included articles, we were able to organize the research in this field under three
main themes, namely, mobile OA assessment tools, mobile OA measurement tools, and
mobile OA motion-monitoring tools. Although the articles in each category showed

Health Informatics J. Author manuscript; available in PMC 2019 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Choi et al.

Page 7

promising results for the use of mHealth technology in OA management, we were not able
to find evidence of research on developing evidence-based mHealth apps focused on OA and
investigating their effectiveness in OA management.

Our app review revealed that the lack of research on the development and evaluation of
mHealth apps for OA management was reflected in the marketplace. As shown in Table 2,
even though the total number of apps identified by the search term “osteoarthritis” in the app
stores doubled over the past few years, the number of apps relevant for OA management
increased only by 12 percent, a minimal change since 2013 when a review on existing
mHealth apps for the eight most prevalent health conditions by WHO found only 24 apps
focused on OA in the app stores. Furthermore, looking into the main features provided by
the existing apps for OA management as of June 2016, the majority of them (60.9%) only
focus on providing educational information about OA, such as definition of OA, common
symptoms, or instructions on how to do activities and exercises that are known to be helpful
in managing OA-related pain and symptoms.

Given the lack of apps in the current app markets that actually allow patients to quantify and
keep track of their OA-related pain and symptoms and share the data with their clinicians to
make more informed decisions as they collectively manage the disease, the mHealth
technologies covered in our review hold potential to fill the gap. Specifically, the two
evidence-based OA assessment tools reviewed—m-WOMAC: and AUC OAK—can be used
in OA mHealth apps to effectively measure OA-related symptoms and pain progress. In
particular, the WOMAC index, which has been used and validated by previous studies,™ can
be used as an accurate and reliable PRO measurement index for OA. Although the AUC
OAK is designed to assist clinical decisions of OA treatment, it can also be useful for
clinicians to interpret the collected data by their patients. The AUC OAK is also useful to
guide the data collection of OA-related symptoms in patient-facing mHealth apps. Since the
AUC OAK includes objective measures of physical functioning such as ROM extension/
flexion, there is room for integrating the evidence-based mHealth technologies such as
measurement tools, as reviewed in Table 3.

Another important finding regarding self-measurement of OA joints is that people were able
to accurately and reliably measure ROMs of OA joints using mHealth apps with a certain
amount of education. As mentioned above, the studies that compared the measurement
results by experts (e.g. experienced physicians) and novices (e.g. college students) found no
significant difference between the two groups.: The results, therefore, support the idea of OA
self-measurement that laypersons can utilize mHealth apps as a handy, yet accurate and
reliable tool to record functional performances of their OA joints on a daily basis. The data
collected by such apps could be shared with their clinicians, which would help them make
evidence-based decisions about choosing the ‘right’ treatment for OA, including TJR
surgery.

Findings from the articles analyzing OA-related movements and other human motions such
as gait and exercises™ may also be useful in developing mHealth apps for OA. For instance,
some of the exercises that are clinically proven to be helpful for OA patients, such as
walking, biking, and golfing, could be monitored by mHealth apps. By doing so, patients
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could quantify and log their daily activity and have a better understanding of their readiness
for OA treatments including TJR surgery. Such apps could also play a role as a motivator by
visualizing patients’ activity data and setting goals customized for individual users. For
those who are in the exercise therapy, maximizing the adherence to their therapy is a key
factor that leads to a successful treatment. A recent study reported that supervised exercise
sessions followed by home exercises could enhance patients’ adherence. Mobile motion-
monitoring tools, therefore, have great potential to help OA patients work on their exercise
sessions at home while being connected with their therapists. Furthermore, mHealth apps
can provide instructional audios or videos of the exercises to help patients’ self-exercise
sessions at home, as many of the existing OA apps do.

A framework of mHealth apps for OA self-management and shared decision-making

OA self-management is a behavioral intervention that improves patients’ understanding of
disease symptoms and encourages them to actively participate in the treatment process by
monitoring OA-related pain, communicating with healthcare providers about their
symptoms, and making informed/shared decisions about appropriate treatment options
including TJR surgery.: Based on the promising potential of self-management and shared
decision-making in chronic disease management as well as our findings, we propose a
design framework that identifies desired components of mHealth apps for OA and articulates
how these components can work together to support OA patients’ self-management and
shared decision-making about treatment options with their clinicians. Overall, the proposed
framework, illustrated in Figure 3, focuses on patient-facing mobile apps, as opposed to a
clinician-facing tool, that enable patients to get involved in the process of OA treatment with
their clinicians. The three main modules that should be included in the mobile apps are (a)
self-management, (b) decision support, and (c) shared decision-making.

The self-management module provides patients with the ability to monitor their disease
progress and be better informed about OA including its symptoms and available treatment
options. The patients can quantify and log pain levels, limitations in joint motions (e.g.
ROMs of knee joints) and limitations in activities performed (e.g. climbing stairs) using the
app on a regular basis (link 1). The mHealth technologies focused on OA measurement tools
(Table 3) and OA motion-monitoring tools (Table 4) can be integrated into the app to enable
comprehensive self-monitoring functionality. The patient-reported data then should be used
to generate concise, yet useful feedback messages for patients (link 2). The main intent of
generating feedback is to inform patients about their progress in OA self-management over a
certain period of time (e.g. weekly and monthly) and motivate them to continue entering
their data into the app (link 3). In addition, the app should provide educational content to
improve patients’ understanding of OA in general and address potential questions patients
might have regarding their symptoms and how to manage them. Providing guidelines for
physical activity will be useful for improving management of symptoms, especially for those
who are in the preoperative or postoperative phases (link 4).

The decision support module is the backend of the app where the expert knowledge and
computational power should come into play to suggest evidence-based, data-driven
treatment options for patients. This module should use patient-reported data fed by the self-
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management module of the app (link 5) and patient-centered research outcomes reported in
the literature to assess patient’s status from the medical treatment perspective. In particular,
this data can be used to calculate the OA indices reviewed in this article such as m-WOMAC
and AUC OAK (Table 2). Furthermore, this module can assess patient’s readiness for more
advanced treatment options, especially TJR surgery when it becomes unavoidable as the OA
symptoms progress, using predictive algorithms to determine the optimum timing of TJR
surgery based on clinical evidence.

The shared decision-making module allows patients and clinicians to share data collected/
generated using the self-management module (link 6) and decision support module (link 7)
and to choose the ideal treatment together. To facilitate the shared decision-making process,
the app should visualize patients’ trends of symptoms, motion/activity, and joint functions,
as well as clinical assessment indices over a period of time and present these results in
detailed and summary forms targeting the needs of two user types (patients and clinicians).
The app, therefore, can provide the patients with the opportunity to access their detailed OA
assessment results (link 8) and allow the clinicians to review assessment summary reports
with their patients and involve them in the decision-making process (link 9). Given the
versatility of the two key concepts of the framework—self-management and shared
decision-making—we expect that our framework may be applicable to developing mHealth
apps for other medical conditions of which self-management and shared decision-making
are proven to be helpful to improve clinical treatment outcomes.

Finally, we note that regulatory bodies such as the US Food and Drug Administration are
interested in ensuring the safety in using mHealth technologies to deliver interventions to
patients. Considering that regulations are changing and may vary by domain, designers
should take the current and relevant regulations for the given domain into consideration
when they use our framework to develop an mHealth app.

Conclusion

The current systematic review identified a gap in the literature on the potential impact of
using mHealth apps for OA management. Specifically, mHealth research addressing OA to
date has focused more on OA measurement and education, and less on OA self-management
—as shown in Figure 1, the majority of included articles develop and test measurement tools
for OA-related joints such as knees and hips. Future work, therefore, should focus on
designing comprehensive mHealth apps dedicated to OA by combining the relevant research
evidence from the previous studies, such as mobile OA assessment tools, measurement tools,
and motion-tracking technologies. The framework suggested in this article (Figure 3) can
guide the design of such apps. Given that the main user group of such apps will be older
adults, who are relatively less familiar with mHealth technologies, it is critical to explore
their expectations and requirements in the early stage of the app development. Finally, the
app should be tested for its usability, as well as the effectiveness in OA self-management
from the patient’s perspective, as well as in clinical management of OA from the clinician’s
perspective.
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peer-reviewed journals and conference
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Figure 1.
Flow diagram of article selection process.
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Figure 2.

Themes of included articles by publication year.
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A framework for developing mHealth apps fro OA management.
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Table 1.

Online database search results by search queries (searched on 9 June 2016).

Page 17

Search queries Search results (by database)
PM WoS SD ACM IEEE
osteoarthritis AND (“mobile applications” OR “mobile application” OR “mobile apps” OR “mobile 3 17 4 4 2
app”)
osteoarthritis AND (“mobile health” OR “mhealth” OR “m-health™) 8 1 4 4 0
osteoarthritis AND (“mobile phone” OR smartphone) 3 17 2 4 1
(“hip joint”) AND (“mobile applications” OR “mobile application” OR “mobile apps” OR “mobile 2 0 0 5 0
app”)
(“hip joint”) AND (“mobile health” OR “mhealth” OR “m-health”) 0 0 0 5 0
(“hip joint”) AND (“mobile phone” OR smartphone) 5 1 1 5 1
“knee joint” AND (“mobile applications” OR “mobile application” OR “mobile apps” OR “mobile 4 6 0 16 0
app”)
“knee joint” AND (“mobile health” OR “mhealth” OR “m-health”) 2 1 0 16 0
“knee joint” AND (“mobile phone” OR smartphone) 12 5 1 16 0
“total joint replacement” AND (“mobile applications” OR “mobile application” OR “mobile apps” OR 0 0 0 0 0
“mobile app”)
“total joint replacement” AND (“mobile health” OR “mhealth” OR “m-health”) 0 0 0 0 0
“total joint replacement” AND (“mobile phone” OR smartphone) 0 0 1 0 0
arthroplasty AND (“mobile applications” OR “mobile application” OR “mobile apps” OR “mobile 3 1 0 3 0
app”)
arthroplasty AND (“mobile health” OR “mhealth” OR “m-health™) 5 0 5 3 0
arthroplasty AND (“mobile phone” OR smartphone) 6 3 0 3 0
(“total knee replacement” OR “total hip replacement”) AND (“mobile applications” OR “mobile 0 0 0 2 0
application” OR “mobile apps” OR “mobile app™)
(“total knee replacement” OR “total hip replacement”) AND (“mobile health” OR “mhealth” OR “m- 0 0 0 2 0
health”)
(“total knee replacement” OR “total hip replacement”) AND (“mobile phone” OR “smartphone”) 0 0 1 2 0
Total 53 52 19 90 4

PM: PubMed; WoS: Web of Science; SD: ScienceDirect; ACM: Association for Computing Machinery Digital Library; IEEE: Institute of

Electrical and Electronics Engineering Xplore Digital Library.
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Table 2.
Summary of OA assessment tools reviewed.
Tool Developer Assessment criteria Mobile platform
m-WOMAC  Western Ontario and McMaster ~ Pain The original paper-based WOMAC has been tested in mobile
Universities Stiffness platforms:
Function
Total index score
AUC OAK The American Academy of Function-limiting pain ~ The AUC OAK is available as an app named OrthoGuidelines for
Orthopaedic Surgeons (AAOS)  ROM extension/flexion ~ Android and iOS devices
Age
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Table 5.

mHealth apps for OA available in app stores in 2013 and 2016; number of relevant apps/total number of apps.?

Searchyear GooglePlay AppleiTunes BlackBerry World Microsoft Store  OperaMobile Store  Total

2013 16/46 5/16 0/0 212 17 24/65
2016 14/115 11/30 0/0 212 0/0 271147

a . . . . . L . . .

The commercial app reviewed in the original paper in 2013—Osteoarthritis of Knee—was not available in our search in 2016. When we used the
link provided by the authors, it returned an error message notifying that the app is not available in the United States. Based on the authors’
affiliation information, we assume that they had access to app stores available in Europe where as we were able to search app stores available in the
United States.
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