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Abstract. Rehabilitation of musculoskeletal diseases (MSD) of the shoulder is a
multifaceted long-term process, which is often not transparent to affected patients.
Mobile health applications (apps) have the potential to support this complex
process by improving patients’ self-management skills. However, there seems to
be a lack of apps providing a holistic approach to motivate and guide patients
during the whole rehabilitation process. Therefore, a systematic analysis of apps
on Google Play Store was conducted by two independent reviewers. A total of
3227 apps were identified, of which 64 met the eligibility criteria for the
qualitative analysis. The majority of analyzed apps were developed generally for
patients with MSD of the shoulder, rarely for specific diseases (individual needs of
patients). The majority of apps focus on the provision of information, exercise
training, and alternative medicine. Apps for diagnostics, inpatient treatment, and
self-management, especially for multiple rehabilitation phases, are rare or even not
existent. Game design elements are seldom used. If there are any, then simple to
implement ones, e.g. messages and progress bars. The (psychological) effects of
individual game design elements on patients seem to be neglected, when selecting

and implementing game-components.
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1. Introduction

Rehabilitation of musculoskeletal diseases (MSD) of the shoulder includes much more
than only medical rehabilitation. Starting with primary and continuative diagnostics of
MSDs of the shoulder, such as frozen shoulder or shoulder impingement syndrome
(SIS), and proceeding with acute treatment to non-surgical or surgical treatment,
rehabilitation ranges from inpatient and/or outpatient orthopedic rehabilitation up to
subsequent rehabilitation services [1]. The conservative treatment, includes measures,
such as exercise therapy, physical therapy, and pain therapy complemented by
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concomitant treatments, for example naturopathy, alternative medicine, and home-
remedies [2,3]. Another important component of rehabilitation is prevention. In
addition to exercises designed specifically for shoulder joints, this also includes general
sports, fitness and activities, like swimming, Yoga, or Pilates. This multitude of
services results in very complex individual rehabilitation processes (patient pathway),
which are often not transparent to affected patients. Mobile health applications (apps)
have the potential to support such complex processes by improving patients’ self-
management skills [4,5]. Although some apps are already known for self-management
in rehabilitation of chronic diseases, like diabetes, lower back pain, or asthma, such
apps are rather rare for MSDs of the shoulder [4,5,6]. Overall, there seems to be a lack
of apps, or application systems in general, providing holistic approaches to motivate
and guide patients during the entire rehabilitation process — prevention,
inpatient/outpatient rehabilitation, and aftercare. But especially for chronic diseases,
adherence is a crucial factor for sustainable rehabilitation [7]. Gamification has
emerged as a promising concept to increase motivation and adherence in therapeutic
areas [8]. However, the extent to which game design elements are already finding their
way into the growing mHealth app market, remains unclear.

The aim of this work is to provide an overview of apps to support rehabilitation of
patients with MSDs of the shoulder. Here, the focus is on the fields of application and
used game design elements, meaning game-components, game-mechanics, and game-
dynamics. By analyzing existing fields of application and those in which the potentials
for support has not yet been exhausted, gaps are to be detected. This way, starting
points for new, holistic and motivating rehabilitation apps should be identified.

2. Methods

Following the PRISMA extension for scoping reviews (PRISMA-ScR), a systematic
analysis of apps for rehabilitation of MSDs of the shoulder was performed on Google
Play Store, the largest and most frequently used app store in Germany [9,10].

2.1. Inclusion and Exclusion Criteria

In principle, every app focusing on the treatment or management of patients with
MSDs of the shoulder was included. According to ICD-10 this covers the following
disorders: fractures, luxation, inflammatory diseases, and degenerative diseases. Apps
focusing on sports and fitness rather than health were excluded. Therefore, it was
examined whether a direct association with rehabilitation is discernible. Apps that are
no longer available, not downloadable, not functioning, or not usable without a patient
code were also excluded. Overall, apps implemented in languages other than English or
German were translated if possible, otherwise excluded.

2.2. Search Strategy

Searching was done through the web interface of Google Play Store using 17 phrases,
built up from the combination of the term ‘shoulder’ with the following nine keywords
related to rehabilitation processes: rehabilitation, reha, therapy, prevention, pain
management, self-management, pathway, guideline, and disease management. Each
search was conducted in German and English.
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After removing duplicates, an initial screening of app descriptions and screenshots
was done by two independent reviewers (BS, IR) according to the pre-defined inclusion
and exclusion criteria. A third reviewer (LE) was consulted for final discussion in case
of any discrepancies. All apps were assigned either to the category included, excluded,
or applicable. Applicable apps are those not explicitly developed for the treatment
and/or support of patients with MSDs of the shoulder, but which could certainly be
suitable, as they are intended for orthopedic disorders, unspecified shoulder injuries, or
general shoulder pain. As far as possible, all included apps were downloaded and
assessed for eligibility by evaluating the apps’ functionalities via the Android emulator
‘BlueStacks’ [11]. Once again, a classification into one of the three categories was used.

2.3. Synthesis of Results

The analysis is based on descriptive, qualitative and content-related aspects. Quality of
apps was assessed by comparing user ratings in the store with the results of the ‘Mobile
App Rating Scale’ (MARS) [12]. MARS is an easy-to-use, objective and reliable
questionnaire for assessing an app’s quality in five dimensions: (1) engagement, (2)
functionality, (3) aesthetics, (4) information quality, and (5) subjective quality [12]. All
apps are tested for at least 5 minutes and evaluated by two reviewers (BS, IR). For
MARS-scoring, the mean of each 23 questions is used. The additional content analysis
is based on a deductively developed code tree [13], consisting of three main categories:
population, scope, and game design elements. Whenever necessary, the sub-categories
already determined are supplemented by subsumption (inductively categorization).

3. Results

The search was conducted from January 17 to 23, 2020 and resulted in 3227 matches
(see Fig. 1). After removing duplicates and initial app-screening, 113 apps were
downloaded and included for app-screening. Thereby, 64 apps met the eligibility
criteria for the qualitative analysis. 72 additional apps were categorized as applicable,
because although they are potentially useful for shoulder rehabilitation, they do not
contain specific functionalities for MSDs (individual needs of patients).
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Figure 1: Screening process of the search in Google Play Store in January 2020
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3.1. App Characteristics and Quality Rating

There are 26 of the 64 apps available on Apple and Android devices. Thereby, the
majority are accessible free of charge. For four apps there are one-time download costs,
ranging from 1.09€ to 7.99€ [14-17]. For five additional apps, regular costs of between
8.99€ and 14.99€ per month are incurred through subscriptions [18-22]. Compared to
most free apps, however, these receive updates more frequently. The number of
downloads varies. While four apps were downloaded less than 10 times [16,23-25],
12 apps were downloaded more than 10.000 times [19,20,26-35], the app ‘Shoulder,
neck pain relief” [27] even more than 50.000 times.

More than half of all apps are not rated (n=33). Just 12 apps were rated more than
50 times [18-20,27-31,34-36], only four of them more than 100 times [28-31]. The
most frequently rated app is ‘Doctor Homeopathy’ [30] with 221 votes. On average,
apps were rated with a score of 4.2 (+ 0.47) points. The three best apps, with 4.8 points,
are ‘Shoulder Rehabilitation Exercises’ [26], ‘Divine Care: Acupressure Points, Health
& Beauty’ [37], and ‘iShoulder’ [38]. However, MARS does not reflect this valuation.
Here, the best rated apps are ‘Vivira — Physiotherapy Exercises at Home’ [20],
‘Rheuma Auszeit’ [32], and ‘Ouchie: your pain management companion’ [36]. Overall,
only ten apps with a MARS-score > 4 (max. score = 5) could be considered as good.
Generally, apps were rated less favorable with an average score of 3.31 (£1.45) points.
Table 1 shows the average ratings for each MARS-dimension.

Table 1. App ratings per MARS-dimension (*best rated apps will only be named in case of a unique rating)

Dimension Average score Standard deviation Best rated app*
Engagement 2.42 1.00 Vivira (4.6)
Functionality 4.11 0.74 6 with max. score
Aesthetics 3.53 0.46 5 with max. score
Information quality 3.20 0.97 Pathways Pain
Relief (4.83)
Subjective quality 2.37 0.66 Vivira (4.74)

3.2. Field of Application

Most apps were developed generally for patients with MSDs of the shoulder (n=30).
Conversely, only few apps have been designed for specific shoulder diseases. There are
single apps for SIS [35], fractures [39,43], and rotator cuff tears [19]. The most
frequently addressed conditions are frozen shoulder (n=14) and types of arthritis (n=6).

The majority of apps is used to provide information (n=19), for example on
diagnostics, physical therapy, or alternative medicine. There are also numerous apps for
performing exercises (n=16), practicing alternative medicine and home-remedies
(n=12), or managing pain (n=8). Apps often integrate a kind of assessment tool for self-
reflection (n=13). However, functionalities for monitoring pathogenesis or therapy
adherence are often unconsidered (n=5). Prevention, diagnostics, and acute treatment
are also rarely addressed fields of application. Merely four apps deal with self-
management of diseases [24,44-46]. Thereby, the apps ‘Healo’ [45] and
‘Musculoskeletal (MSK) Self-Care’ [46] seem particularly promising, in consideration
of user ratings, MARS-score and implemented functionalities. For instance, ‘Healo’
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offers customized self-care programs based on self-diagnosis for patients with rotator
cuff tear, SIS, frozen shoulder, and shoulder instability [45]. Using the app as a digital
therapeutic, patients are able to receive individual video exercise programs (therapy),
rate their pain (assessment), answer questions about their state of health (diagnostics),
and track their performance in real-time (monitoring) [45]. Nevertheless, even ‘Healo’
does not offer support for the entire rehabilitation process.

3.3. Gamification

Just 12 apps make use of game design elements®. Thereby, the most commonly used
game-components are messages/information (n=7), tasks (n=6), progress bars (n=5),
and social media (n=5). Most often, these components are employed to realize the
game-mechanics feedback (n=7), cooperation (n=4), and education (n=2). Ultimately,
this is intended to address the game-dynamics progress (n=6), relationship (n=5), and
in parts also emotions (n=3). For example, the app ‘Limber Health’ [24] uses the
game-components task, progress bars, and achievements in the management of
musculoskeletal injuries to provide feedback, generate winning conditions, and
challenges. This way the game-dynamics emotions and progress are addressed to
increase interactivity and enjoyment during exercise training, and thus finally have a
motivating effect.

Overall, those five apps implementing more than three game-components scored

particularly well in MARS (4.21+0.3). ‘Pathways Pain Relief’ [18] is one of these well
rated apps (user ratings=4.1; MARS-score=4.26). The app is designed for pain
management in frozen shoulder patients. By completing tasks, new content can be
gradually unlocked. Feedback is provided via audio content and progress bars.
Furthermore, the app offers possibilities to interact with other affected users via
integrated social media content.
Astonishingly, easy to implement game-components, like points (n=1) and
achievements (n=2), are rarely utilized. Levels, rankings, and teams are not used at all.
This applies to game-mechanics as well. While challenges (n=1) and winning
conditions (n=2) are rarely used, e.g. rewards and transactions are not realized at all.
Thus, it can be stated that the potential of gamification to increase motivation and
adherence is seldom exploited.

4. Discussion

The aim of this work was to identify apps supporting patients with MSDs of the
shoulder during rehabilitation, and to analyze them in terms of the fields of application
and used game design elements. In total, 64 apps focusing on shoulder rehabilitation
could be identified in the Google Play Store. Most of these apps deal with exercise
training. Apps to assist patients during the entire rehabilitation process do not seem to
exist. Furthermore, the minority of apps utilize game design elements for additional
motivation of patients.

The market situation of rehabilitation apps for MSDs of the shoulder was analyzed
only in Google Play Store. An additional search in the Apple App Store was refrained

2[16,18,20,22,25,33-35,37-40]
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from. Given the market share of Android in Germany (75.8%), it can be assumed that
this additional search only brings rather little benefit relative to the effort [47].

Apps focusing on sports and fitness rather than health are excluded, despite being
theoretically useful for prevention. This exclusion was necessary to avoid bias, since
only apps specifically implemented for rehabilitation should be analyzed, as these are
hopefully targeted to the needs of patients. For this reason, also the category of
applicable apps was introduced. These apps are potentially useful for patients with
MSDs of the shoulder, but not specifically designed for them. A supplementary
analysis, not carried out so far, could be useful for these apps as well, to completely
assess the current market situation and the potentials of apps for rehabilitation.

The rating of apps was significantly better by users than by MARS. This might be
explained by the fact that with MARS all 64 apps were rated, whereas user ratings are
only available for about half of the apps. This is also reflected in the relatively high
standard deviation of 1.45 points in MARS. The MARS-rating was carried out only by
two researchers. For a more comprehensive qualitative statement it would be
interesting to have the apps evaluated by affected patients as well. Nevertheless, the
approach applied seems to be sufficient for a first qualitative assessment, as also other
similar studies show [48,49].

5. Conclusion

In general, there is a variety of sports and fitness apps on the Google Play Store.
Tailored for rehabilitation of MSDs of the shoulder there are only a few apps available.
Most of these apps focus on a pure provision of information, exercise training, or
alternative medicine. Apps for diagnostics, inpatient treatment, and self-management
are rare. Disease management apps for multiple rehabilitation phases seem to exist only
for other chronic diseases. Such self-care apps, like ‘Woebot’ [50], ‘RHD Treatment
Tracker’ [51], and ‘eQuoo’ [52] employ game design elements for behavior changes
and motivation. Therefore, it is striking that despite these positive effects of
gamification, with the exception of messages/information and simple tasks, game
design elements are rarely used in apps for rehabilitation of MSDs of the shoulder. This
solely indicates the potentials for short-term motivation. The capabilities of self-
management apps to cleverly accompany the entire rehabilitation process of patients
with MSD of the shoulder, both in short- and long-term, can only be guessed at.
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