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Abstract

Background: Military personnel have an elevated risk of sustaining mild traumatic brain injuries (mTBI) and postconcussion
symptoms (PCS). Smartphone apps that provide psychoeducation may assist those with mTBI or PCS to overcome unique barriers
that military personnel experience with stigma and access to health care resources.

Objective: This study aims to (1) use the Mobile Application Rating Scale (MARS) to evaluate smartphone apps purporting to
provide psychoeducation for those who have sustained an mTBI or a PCS; (2) explore the relevance, utility, and effectiveness of
these apps in facilitating symptom management and overall recovery from mTBI and PCS among military personnel; and (3)
discuss considerations pertinent to health care professionals and patients with mTBI when considering the use of mobile health
(mHealth), including apps for mTBI psychoeducation.

Methods: A five-step systematic search for smartphone apps for military members with mTBI or PCS was conducted on January
31, 2020. Cost-free apps meeting the inclusion criteria were evaluated using the MARS and compared with evidence-based best
practice management protocols for mTBI and PCS.

Results: The search yielded a total of 347 smartphone apps. After applying the inclusion and exclusion criteria, 13 apps were
subjected to evaluation. Two apps were endorsed by the US Department of Veterans Affairs and the US Department of Defense;
all the others (n=11) were developed for civilians. When compared with evidence-based best practice resources, the apps provided
various levels of psychoeducational content. There are multiple considerations that health care professionals and those who sustain
an mTBI or a PCS have to consider when choosing to use mHealth and selecting a specific app for mTBI psychoeducation. These
may include factors such as the app platform, developer, internet requirement, cost, frequency of updates, language, additional
features, acknowledgment of mental health, accessibility, military specificity, and privacy and security of data.

Conclusions: Psychoeducational interventions have a good evidence base as a treatment for mTBI and PCS. The use of apps
for this purpose may be clinically effective, cost-effective, confidential, user friendly, and accessible. However, more research
is needed to explore the effectiveness, usability, safety, security, and accessibility of apps designed for mTBI management.

(JMIR Mhealth Uhealth 2020;8(8):e19807) doi: 10.2196/19807
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Introduction

Background
Mobile health (mHealth) is an emerging field, with health care
professionals increasingly using apps as part of clinical practice
[1]. Apps geared toward well-being and health promotion have
drastically increased in number and availability and may offer
new opportunities for individuals seeking immediate and
confidential health care [2,3]. One population that has the
potential to benefit from the use of such apps is public safety
personnel and military members [4]. Canadian Armed Forces
(CAF) service members (SMs), similar to other global militaries,
have significant mental and physical health challenges associated
with unique occupational stressors associated with military
duties [4,5]. Military service commonly involves high-risk
activities during physical training, daily trade-related tasks,
overseas deployment, and responses to natural disasters among
others. Their involvement in such activities can increase their
likelihood of sustaining physical and mental health injuries,
including mild traumatic brain injury (mTBI) [5,6].

mTBI
mTBI, also known as concussion, is defined as a temporary
change in brain functioning caused by an insult to the head with
a period of posttraumatic amnesia lasting less than a day [7,8].
In contrast, moderate and severe TBI include changes in brain
functioning resulting from a head insult causing periods of
posttraumatic amnesia lasting longer than a day and often a
period of hospitalization in an acute care facility and/or tertiary
rehabilitation [7,8]. Symptoms of mTBI may include headaches,
fatigue, nausea, sensitivity to light and sound, visual
disturbances, cognitive dysfunction, memory loss, sleep
disturbances, balance or vestibular issues, emotional
disturbances, seizures, and loss of consciousness to name a few
[7-20]. Symptoms of mTBI generally resolve within 2 weeks
when no additional physical or mental comorbidities and
extenuating factors are present [7,8]. If 3 or more symptoms of
mTBI persist for longer than 3 months, a diagnosis of
postconcussion symptoms (PCS) may be made [5,7,8].

Incidence of mTBI and PCS Among Military Populations
The cause of an mTBI varies among CAF-SMs, with some
occurring as a result of motor vehicle collisions, falls, sports,
explosions, or other forces related to combat and military
training [9-16,18]. Rates of mTBI prevalence and severity of
symptoms vary by element (ie, Army, Navy, or Air Force), age,
gender, trade or profession, and unit [18]. Military members
who experience an mTBI in combat may be at risk of developing
career-limiting medical conditions [16]. As of 2019, mTBI
affected 1 in 25 CAF-SMs, with 5.7% female and 3.9% male
CAF-SMs diagnosed with mTBI over a 5-year period
(2012-2017) [18]. Notably, this was after the completion of
CAF’s involvement in Operation Iraqi Freedom (OIF) and
Operation Enduring Freedom (OEF), indicating that these
incidences of mTBI took place largely outside of combat zones
[18]. Among CAF-SMs deployed to Afghanistan during OEF
between 2009 and 2012, 5.2% self-reported experiencing an
mTBI, 21% of whom noted PCS [5,7]. In comparison, US
studies among military populations report mTBI rates of 12%

to 22.8% during OEF and OIF, with PCS rates of 15.8% to 35%
[9-11,14]. The UK Armed Forces report a 4.4% mTBI
prevalence among SMs deployed into these global conflicts
[11]. Although numbers vary greatly between different global
militaries, the evidence base consistently demonstrates higher
rates of mTBI and PCS in military personnel than in civilian
populations. Similarly, although the incidence of PCS among
the global civilian population has been estimated at 15% [8], it
is well documented that this rate is elevated among military
populations, with global estimates ranging from 15.8% to 35%
[5,9,12,14-21]. This is because of a host of factors that are more
prevalent among military populations than civilians, including
a higher incidence of mental health disorders, exposure to
traumatic experiences, previous mTBI, stigma, and a general
lack of knowledge about mTBI [9,12,14-16].

Military members experience a higher incidence of posttraumatic
stress disorder (PTSD), anxiety, and depression, which can have
significant functional implications when co-occurring with
mTBI. mTBI or TBI and mental health disorders, such as PTSD,
can co-occur from the same or separate traumatic incidents
[6,7,9-16]. The presence of trauma, as well as previously
diagnosed neurological or mental health disorders, has been
demonstrated to exacerbate mTBI symptoms and may be a
major factor in the presence, longevity, and severity of PCS
[5,12,13]. Additionally, it is possible that military members
have had multiple previous mTBI that may or may not have
been formally diagnosed [18]. The compounding effects of
subsequent mTBI have been researched in recent years;
however, the severity, longevity, and specificity of these
symptoms and subsequent dysfunction they may cause are still
widely unknown [7,8].

In addition to symptoms and stressors directly attributed to
mTBI, psychosocial stressors may also be experienced by
military members. Such stressors may include social and
geographical isolation as well as concerns regarding medical
employment limitations. It is widely acknowledged that mTBI
is underreported both in the CAF and other global militaries
because of several factors including stigma, fear of career
implications, and ignorance of the potential seriousness of mTBI
[9,12,18]. Seeking medical care and receiving an mTBI
diagnosis may result in time away from work or absences from
courses, training exercises, or deployments [13,16,18]. Military
members may not have awareness that resources and
interventions available through primary care, physical
rehabilitation, and mental health could assist with recovery from
mTBI or PCS. Widespread education about mTBI and treatment
options that reduce perceived or actual stigma and threats to
careers may be effective in reducing the negative impact of
mTBI and PCS.

Psychoeducation for mTBI Among Military Populations
Various interventions for treating mTBI symptoms have been
studied among military populations [15-19,21]. A 2015 study
reviewing the effectiveness of interventions for military
members with mTBI, PCS, and mental health comorbidities
isolated 4 categories of interventions: psychoeducation,
psychotherapy, cognitive rehabilitation therapy, and integrated
behavioral health interventions [15]. Psychoeducational
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interventions have a strong evidence base both as treatments
for mTBI and as supplements to therapies for mental health
disorders in both the acute and chronic phases of the illness
[8,14,15,17,19-21]. Access to appropriate and timely
psychoeducation is important to facilitate timely recovery from
mTBI [8,15,17,19-21]. Providing psychoeducation directly after
sustaining a mTBI and during the chronic phase (ie, PCS) has
been demonstrated to reduce the impact and longevity of somatic
symptoms and the potential exacerbation of mental health
distress [8,15,17-20].

Military members require psychoeducational interventions that
are clinically effective, cost-effective, user friendly, available
in multiple environments, secure, and confidential [3]. This is
particularly important when in-person therapy is not possible,
such as during deployment, natural disaster response, or a
pandemic. At such times, it is essential that clinicians explore
more novel interventions and modes of service delivery, which
may include the use of smartphone apps. As apps have evolved
with better accessibility, usability, and quality, the delivery of
psychoeducational material for behavioral change and health
improvement via this method has become more common. This
paper will refer to apps as opposed to applications in accordance
with recommendations Lewis et al [22] in 2014.

mHealth and mTBI
As with the civilian population, the use of health apps is
becoming more widespread within military populations [3,23].
A 2018 scoping review of mental health mobile apps for use
by military members reviewed the current literature aimed at
determining whether or not mobile apps are perceived as an
acceptable form of mental health support [23]. Studies included
in the review addressed app utilization through an assessment
of users’ general attitudes of the app, perceived ease of use, and
whether they would recommend the app to others [23]. Although
the majority of the studies were conducted with the US military,
the results of the review overwhelmingly indicated that military
members were generally willing to use apps [23] and viewed
mobile apps as being an ideal supplement to traditional health
care [3,23].

Since the first appearance of an mTBI-based app in 2009, apps
specific to mTBI have been rapidly produced and evolving [24].
A 2018 review searching a wide variety of available
mTBI-focused apps found 5 general categories: (1) education
and prevention, (2) diagnostic assessment, (3) head impact
sensors, (4) symptom tracking, and (5) treatment [25]. The most
common type of available mTBI apps, and arguably the most
controversial in the evidence-based literature, are those in the
diagnostic assessment category, which are designed and/or
marketed to sports medicine professionals or the general public
for use in the recognition and assessment of concussion [24].
Although diagnostic assessment apps may widen the opportunity
to identify mTBI, they also provide the potential for
less-qualified individuals to use such apps inappropriately [24].
To date, only a limited number of medical devices have been
approved or cleared by the Food and Drug Administration to
aid in the diagnosis, treatment, or management of head injury,
and these do not yet include smartphone apps [26]. Research
on apps specific to mTBI has largely focused on the diagnostic

abilities of apps and not on the quality of psychoeducational
content that these apps provide. This gap in the literature relates
especially to the military medical context.

There are both potential benefits and challenges associated with
using apps for health and behavioral change. Benefits include
decreased stigma and improved privacy, immediate access to
psychoeducational content, reduced wait times to access
resources, less administrative burden for appointment
scheduling, and the ability to track symptoms and share
information with health care providers [2,3,27]. There is also
evidence to suggest that health care apps may increase
help-seeking behaviors and engagement with health care services
[27]. Specific to military personnel, the use of mobile
technologies for mental health support and care may be a
desirable option for many military members and veterans who
fear stigmatization and the career implications of engaging with
health care systems [23]. Along with the potential benefits of
health care apps are potential challenges. Some apps may have
a limited evidence base or health care professional involvement
during their development phase. This is particularly problematic
given that apps in development are not required to undergo any
certification or regulatory process, and as many health apps do
not utilize peer-reviewed research, their purported claims may
not be backed by evidence and may be misleading [2,3,28,29].
Although multiple apps are available specifically for TBI, few
guidelines exist to assist individuals in evaluating whether the
value of such an app is supported by evidence [24,25].

Purpose
The purpose of this evidence-based app review was to (1) use
the Mobile Application Rating Scale (MARS) [2] to evaluate
smartphone apps that advertise the provision of
psychoeducational support for those who have sustained an
mTBI or a PCS, (2) explore the relevance, utility, and
effectiveness of these apps to facilitate symptom management
and overall recovery from mTBI among military personnel, and
(3) discuss considerations pertinent to health care professionals
and patients with mTBI when considering the use of mHealth,
including apps for mTBI psychoeducation. It is hypothesized
that multiple high-quality apps exist specific to mTBI in the
military population that provide evidence-based,
population-specific psychoeducation for mTBI.

Methods

An app search was conducted on January 31, 2020. The Google
Search Engine, the Google Play Store (Canadian) and the Apple
App Store (Canadian) were the 3 platforms used for the search.
Initial search terms employed with the Google search engine
included “military” and “mtbi” or “mild traumatic brain injury”
or “concussion” and “apps” or “applications” or “mobile device
applications.” Google was selected as the database because of
its familiarity, popularity as a search tool, and accessibility from
CAF computers. A Google search also provides the user with
peer recommendations, which can provide more information
about the usefulness of the app for specific populations and may
describe features in more detail than the description provided
by the 2 app stores. Searches were then conducted on the Apple
App Store and the Google Play Store using the terms
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“concussion” and “mTBI.” The Department of Defense Mobile
Health Practice Guide (3rd ed) was also utilized as a starting
point; however, it had not been recently updated and did not

yield any apps that were not found via the Google search [3].
Review of the apps involved 5 rounds of elimination (Figure
1) and the evaluation of the selected apps using the MARS.

Figure 1. Summary of the 5 rounds of elimination to analyze the apps. mTBI: mild traumatic brain injury.

Rounds of Elimination
In Round 1, the writer screened descriptions from the app stores
and excluded apps that were irrelevant, which included games
and health and fitness apps unrelated to mTBI. Apps were also
excluded if they had an associated cost, were specifically created
for use by health care clinicians, were not in English or French,
and were not accessible by the author on either the Apple App
Store or the Google Play store. In Round 2, apps that were meant
for peer support purposes, brain games, text messaging apps,
for individuals aged 18 years or younger, and/or specific to 1
symptom of mTBI were also excluded. These included
eye-tracking apps, balance apps, and apps aiming to diagnose
an mTBI (such as sport-specific sideline apps) that did not have
an associated psychoeducational component. Apps were
excluded if they did not specifically address mTBI or concussion
in the description or title and/or were designed for other
purposes (ie, first aid apps). This was because of the assumption
that if an app is not specifically designated for concussions or
mTBI and does not list this in the name or description, it is
unlikely that a person would recognize and choose the app. In
Round 3, the remaining apps were compared from the Apple
App Store with the Google Play Store to remove duplicates. In
elimination Round 4, the writer opened the apps using an iPhone
8 iOS 12.3 (Apple Inc) and Google Pixel XL with Android 9.0.
Apps were then excluded if they were intended to be used
alongside an in-person therapist or sports coach, or if they
otherwise did not include a psychoeducational component for

a patient recovering from an mTBI. If the app remained and its
purpose was for mTBI detection but it had an educational
component, it was included for further consideration. Round 5
involved the use of the MARS for evaluation. A literature search
of the 13 apps that remained at Round 5 was conducted using
the Scopus, Medical Literature Analysis and Retrieval System
Online (MEDLINE), Excerpta Medica dataBASE (EMBASE),
and Cumulative Index of Nursing and Allied Health Literature
(CINAHL) Plus databases. The aim of this literature search was
to determine whether studies using the apps had been published
in the evidence-based literature.

MARS
Once the remaining 13 apps were screened and selected for
inclusion in this review, they were evaluated by 3 raters using
the MARS [2]. The MARS was created by Stoyanov et al [2]
in 2015 for developing an mHealth app rating tool that was
reliable, multidimensional, and which could provide a
framework to trial, classify, and rate apps. Stoyanov et al [2]
developed the MARS and found a high level of interrater
reliability for overall MARS scores after evaluating 50 health
and well-being apps. The components of the MARS were
selected following a literature review to determine existing
websites and app evaluation tools and after consulting a
multidisciplinary advisory team that included psychologists and
mHealth developers [2]. The resulting 3 MARS categories, app
quality, app subjective quality, and app specific, were chosen
to merge existing mHealth evaluation criteria into a format that
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was not overly technical, difficult to use, or specific to any one
health domain [2].

The app quality category is broken down into 4 subsections:
(A) engagement, (B) functionality, (C) aesthetics, and (D)
information (Table 1) [2]. Each subsection is averaged with a
mean score out of 5. Engagement (A) is addressed using 5
questions and explores the ability of the apps to hold a user’s
attention by rating (1) how interesting it was to use, (2) how
well-tailored it was to the targeted users, (3) how fun or
entertaining it was, and (4) how well it could be customized for
each user. Functionality (B) has 4 questions that rate how well
the app works for the user. This includes how intuitive the
gestures and icons are, how well the components worked when
trialed, and how easy it is for a new user to learn. Aesthetics
(C) is the shortest subsection, with 3 questions addressing the
quality of the visual appeal and graphics. Information (D) is the
last and largest subsection, with 7 questions exploring the
credibility of the developer and content in the app and whether
the app’s efficacy has been tested and reported in published
research. This section also addresses how the information within
the app is presented to users (eg, is the information accessible
to the target audience?) and if the information is of sound quality
[2].

App-specific items are available to assess how effectively the
app is perceived to address or impact a targeted health behavior
[2]. In this study, the targeted health behavior was mTBI
management. The 6 app-specific items indicated the rater’s
belief that the assessed app would be able to increase the
knowledge of, attitude toward, and intention to change health
management strategies of someone with an mTBI. The
app-specific items also address how strongly the rater felt that
the use of the app would actually result in a change in this

targeted health behavior. These items were rated on a scale from
1 (strongly disagree) to 5 (strongly agree).

Use of the MARS to rate apps has numerous benefits. Its
consideration of a health app based both on design elements
(ie, color, graphic resolution, and layout) and content is essential
for evaluating quality [2]. Newly published research exploring
the quality of apps intended to equip individuals to self-manage
their disease reports that apps that have been tested and rated
highly on the MARS tool are trustworthy for clinicians to
recommend to clients [30]. The MARS was selected to facilitate
evaluation of apps in this research project for these features and
because it is more comprehensive than the subjective star ratings
featured on app stores [4] and is customizable for this specific
research focus [2].

Three raters were trained in the MARS by watching the MARS
training video posted by Stoyanov on YouTube [31]. These
raters included a PhD candidate and a CAF Occupational
Therapist, an MSc Occupational Therapist, and an American
College of Sports Medicine Certified Clinical Exercise
Physiologist. The finalized app selection was evaluated by the
writers using the MARS January 30, 2020, with apps
downloaded onto a Samsung Galaxy Tab A SM-T350 with
Android version 7.1.1 software, Google Pixel XL with Android
9.0 software, and/or iPhone 8 iOS 12.3. The results from the
raters were averaged to create the final MARS score. The
Ontario Neurotrauma Foundations’ Guideline for
Concussion/Mild Traumatic Brain Injury and Persistent
Symptoms: 3rd Edition, 5th International Conference on
Concussion in Sport Concussion Consensus Statement and
relevant military-specific evidence-based publications [15,18-20]
were used to evaluate the quality and accuracy of the
information (Information: Section D of MARS) provided within
each app [7,8].
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Table 1. The Mobile Application Rating Scale.

Question number and headingsSections and subsections

App quality ratings

A. Engagement 1. Entertainment
2. Interest
3. Customization
4. Interactivity
5. Target group

B. Functionality 1. Performance
2. Ease of use
3. Navigation
4. Gestural design

C. Aesthetics 1. Layout
2. Graphics
3. Visual appeal

D. Information 1. Accuracy of app description
2. Goals
3. Quality of information
4. Quantity of information
5. Visual information
6. Credibility
7. Evidence base

App subjective quality

N/Aa 1. Would you recommend this app to people who might benefit from it?
2. How many times do you think you would use this app in the next 12 months if it was relevant to you?
3. Would you pay for this app?
4. What is your overall star rating of the app?

App specific

N/A 1. Awareness
2. Knowledge
3. Attitudes
4. Intention to change
5. Help seeking
6. Behavior change

aN/A: not applicable.

Results

The search yielded 347 apps that were subjected to 5 rounds of
elimination (Figures 1 and 2). The results of the Apple App
Store and Google Play Store searches conducted on January 31,
2020, resulted in 13 apps (refer to Figure 2 for a flowchart of
the exclusion process). When the Round 1 exclusion criteria
were applied, 254 apps from the 347 original apps were excluded
as they did not meet the inclusion criteria regarding language,
target audience, cost, or relevance. In Round 2, 60 apps were
further eliminated because of the goal of the app not specifically

targeting psychoeducation for individuals with mTBI. A total
of 12 duplicate apps were removed in Round 3. After 20 apps
were opened for additional screening, 7 apps were removed in
Round 4. This resulted in a total of 13 apps that were evaluated
by the writer using the MARS. Information about each of the
13 apps is available in Tables 2 and 3.

Scores for each individual section of the MARS are listed in
Table 3. Scores ranged from 1 to 5 out of 5, with higher scores
indicating higher engagement, function, information, and overall
quality. The interrater reliability was 90% among the raters in
all sections of the MARS.
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Figure 2. App search results. MARS: Mobile Application Rating Scale.
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Table 2. Individual features of the 13 apps.

Mili-
tary

FrenchReturn
to ac-
tivity

Symp-
tom
track-
ing

Goal
setting

CBTbMindfulnessmTBIa

Ax.

Inter-
net

Log-inAvailabilityDevelopersApp names

YesNoNoYesYesYesYesYesNoNoGoogle Play
and Apple App
Store

US Department
of Veterans Af-
fairs

Concussion
Coach

NoNoYesYesNoNoNoYesNoNoGoogle Play
and Apple App
Store

MobanodeWorld
Rugby
Concussion
App

NoNoYesNoNoNoNoNoNoNoGoogle Play
and Apple App
Store

Centers for Dis-
ease Control
(CDC)

CDC
Heads Up!
Concussion
and Helmet
Safety App

NoNoYesNoNoNoNoNoYesNoGoogle Play
and Apple App
Store

Hockey CanadaConcussion
Awareness

NoYesYesYesNoNoNoYesNoNoGoogle Play
and Apple App
Store

ParachuteConcussion
Ed

YesNoNoYesYesYesYesYesNoYesGoogle Play
and Apple App
Store

National Centre
for Telehealth
and Technology

LifeArmor

NoNoNoYesNoNoNoYesYesYesGoogle Play
and Apple App
Store

CCM IncCCMI
Concussion
Tracker

NoNoYesYesNoNoNoYesNoNoApple App
Store

ABI Ire-
land/Medtronic

Concussion
Smart

NoNoYesNoNoNoNoNoYesNoGoogle PlaySport Northern
Ireland

Concussion
NI

NoNoYesNoNoNoNoYesNoNoGoogle Play
and Apple App
Store

American Acade-
my of Neurology

Concussion
Quick
Check

NoNoNoNoNoNoNoNoNoNoGoogle PlayProgramming is
Fun

Concussion
Info

NoNoNoNoNoNoNoNoNoNoGoogle Playnermine_92How to
Treat a
Concussion

N/AN/AN/AN/AN/AN/AN/AN/AN/AcYesGoogle PlayPACE Concus-
sion

PACE
Concussion

amTBI: mild traumatic brain injury.
bCBT: cognitive behavioral therapy.
cN/A: not applicable.
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Table 3. Mobile Application Rating Scale scores for each of the 13 apps.

Section F:
app specific

Section E:
subjective

App qualitySection D: infor-
mation

Section C: aes-
thetics

Section B: function-
ality

Section A: en-
gagement

App names

4.35.04.44.64.74.33.8Concussion Coach

4.04.54.64.34.85.04.4World Rugby Concus-
sion App

3.84.04.54.35.05.03.8CDC Heads Up! Con-
cussion and Helmet
Safety App

2.71.82.62.72.32.82.4Concussion Awareness

4.03.54.24.04.34.83.6Concussion Ed

3.03.03.84.03.74.03.4LifeArmor

3.73.34.24.14.74.53.4CCMI Concussion
Tracker

3.73.03.93.44.34.83.2Concussion Smart

3.73.03.94.04.74.02.8Concussion NI

3.02.03.33.63.03.82.6Concussion Quick
Check

2.71.82.32.32.32.32.4Concussion Info

2.71.53.02.33.33.82.6How to Treat a Concus-
sion

1.01.01.81.33.01.0N/AaPACE Concussion

aN/A: not applicable.

Discussion

The decision of whether to use mHealth apps, as well as
selecting which apps are appropriate, can be complex even
without the addition of military health care, culture, and
contexts. There are multiple considerations that need to be taken
into account by both the person with an mTBI and/or a clinician
using an app to assist with a psychoeducational intervention.
To date, most of the available literature surrounding the use of
mHealth and smartphone apps for mTBI focuses on diagnostic
assessment or concussion recognition, and few studies have
been published regarding app quality for psychoeducation and
mTBI management. On the basis of the results of this search
and subsequent MARS evaluations, 5 apps demonstrated
superior app quality domains, including engagement,
functionality, aesthetics, and information. The 5 highest-scoring
apps included Concussion Coach, World Rugby Concussion,
CDC Heads Up!, Concussion Ed, and LifeArmor (Tables 2 and
3; Figure 3). For the app-specific component of evidence-based
merit (Information: Section D) for mTBI psychoeducation, the
highest-scoring apps included Concussion Coach, World Rugby
Concussion, CDC Heads Up!, Concussion Ed, and LifeArmor
(Table 3; Figure 3).

Rating apps using the MARS highlighted features of the apps
that may be beneficial to individuals with mTBI. Of the top
apps, World Rugby Concussion, CDC Heads Up!, and
Concussion Ed addressed acute mTBI recognition and
management by providing parents, coaches, and individuals
with instructions to follow in the event of sustaining an mTBI
in a sporting context (ie, remove from play); these instructions

are consistent with the best practices for sport-related mTBI
[7,8]. All 5 apps provided a feature for symptom tracking. They
also provided psychoeducational material for mTBI management
and recovery, including information on mTBI acute
management, recognition, and return to activity. Concussion
Coach had the most robust psychoeducational resources of all
the apps, with extensive information on sleep, headaches, goal
setting, and cognition, in line with current best practice literature
for mTBI and PCS psychoeducation for civilians and military
populations [7,8,16,18]. Only 2 of the apps provided additional
links to find community support in the United States
(Concussion Coach and LifeArmor). Overall, the
psychoeducational content provided was consistent with the
current evidence base for mTBI recognition and management
for both civilian and military populations. At no point was the
information observed contraindicated for the recognition,
management, and recovery of mTBI. The top-5 rated apps
provided references or a link to a web resource where references
could be found. References were evidence-based materials and
seminal publications on mTBI management and best practices.

Most app users will be familiar with the 5-star rating system of
the Google Play Store and the Apple App Store as a subjective
manner for users to provide feedback on apps. Within this star
rating system, the scores of the aforementioned top apps, as
rated by the MARS, varied greatly. In the Apple App Store,
Concussion Coach, World Rugby Concussion, and
ConcussionEd each had 5 out of 5 stars, with CDC Heads Up!
and LifeArmor not having enough ratings to formulate an
average score. In the Google Play Store, CDC Heads Up! had
5 out of 5 stars, whereas World Rugby Concussion had 4.5 stars,
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Concussion Coach and LifeArmor had 4 stars, and Concussion
Ed had 3 stars. It was noted that many of these scores were
deemed as having less than 10 reviews. Although the 5-star
rating system of the platforms could be helpful for some users
deciding on whether to use the app, it is clear that the MARS
provides greater overall reliability and validity because of being
less subjective and having defined scoring criteria.

Although scoring from the MARS was helpful in assessing these
health apps and providing a numeric score and ranking, there
are many additional factors that need to be considered. These
factors will be further discussed, including app platform,
developer, internet requirement, cost, frequency of updates,
language, additional features, acknowledgment of mental health,
accessibility, and military specificity.

Figure 3. The top 5 scoring apps based on the Mobile Application Rating Scale (MARS) evaluation. Concussion Coach, World Rugby Concussion,
Concussion Ed, CDC Heads Up!, and LifeArmor.

App Platform
On searching both the Apple App Store and the Google Play
Store, it was evident that the Google Play Store contained more
apps; however, the Apple App Store produced a more refined
and relevant search results (Figure 1). The requirements to
publish apps vary between the Apple App Store and the Google
Play Store, which influence the quality and volume of apps
available. The Apple App Store has more rigorous review
processes before allowing an app to be available to the public,
which results in a more restrictive selection [32]. In addition,
apps that score poorly in their customer five-star rating system
risk being removed from the platform [32]. The Apple App
Store may be a better option for finding adequate and usable
apps for psychoeducation as a person with active symptoms of
mTBI may struggle with the volume of results and the need to
filter those that are not relevant [29]. Availability in both the
Google Play Store and the Apple App Store will maximize the
availability of the app to the target audience. It is evident that
a clear title and description is key for finding and using an app
[29].

Developer
Ideally, the developer of the app is an organization whose
policies and protocols are based on evidence-based,
peer-reviewed literature, such as a government or an academic
institution. The most common evidence-based apps are those
that were developed through nationally competitive government
or research funding and have undergone rigorous research
ideally with randomized control trials [2]. None of the results
yielded apps that had been researched to this degree.
Additionally, health care app developers do not always involve
medical professionals in app development; therefore, apps may
have limited referencing and make misleading claims [33].
When health providers recommend apps, they need to be
competent in the evidence-based literature on the topic to
evaluate the apps for the quality of the content and ensure that

it is in line with the desired therapeutic interventions and
outcomes [3]. Although this expectation may be realistic for
health care professionals who are clinically trained in a military
health care system, it could be an unattainable expectation for
military members in distress from an mTBI who are exploring
mobile resources for themselves [4].

Internet Requirement and Log-In
Most of the apps reviewed did not require an internet connection
to function once downloaded and installed. This may be an asset
for those apps intended for the military population as access to
the internet may not always be available, especially when on
deployment, in rural areas, or on a military exercise.
Additionally, many smartphone users have limited data and are
reliant on Wi-Fi. The requirement of a log-in and an account
may benefit users in that they can save more of their
customizations and information within the app and virtually
share their progress with health care professionals. Regular
access to the internet, however, may be required as well as the
sharing of more personal information within the app. The
top-rated apps, Concussion Coach, World Rugby Concussion,
CDC Heads Up!, Concussion Ed, and LifeArmor (Figure 3),
did not require internet access after the app was initially
downloaded to the device. In addition, they did not require a
log-in or an account that negated the need for additional personal
data to be stored and transmitted.

Cost
Cost is also a factor in selecting the right app for health care
needs, and health care professionals recommending the use of
apps should consider the benefits and drawbacks of free versus
paid apps. Free apps are more accessible and more likely to be
used but may come with intrusive advertisements that may be
distracting and confusing for someone experiencing cognitive,
vestibular, or visuospatial dysfunction from mTBI. Paid apps
may have fewer or no advertisements but are less likely to be
downloaded [34]. A 2015 study concluded that although 93%
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of smartphone users download apps, only 35.8% will purchase
apps that have an associated cost [34]. All 13 apps in this study
were free to download and did not provide an option to pay for
an upgraded version of the app. Advertisements were either
absent or subtle enough to not disrupt the user experience.

Up-to-Date
Several apps were outdated and had not undergone a version
update in several years. All apps encouraged periods of complete
rest after an mTBI; however, the evidence base is evolving
toward a more active approach to recovery [7,17]. Although no
regulations or standards exist regarding the frequency with
which a developer should update an app, these apps should
ideally be updated regularly enough to reflect the rapidly
changing evidence base and recommendations regarding
psychoeducation and mTBI management [28]. The 5 top-rated
apps had received updates within 24 months of the app search,
except the French version of Concussion Ed (last updated
version in 2017).

Language
Concussion Ed was the only app available in both of Canada’s
official languages, English and French. All other apps reviewed
were only available in English. If the CAF wishes to use a
standard app across all regions, there is currently only 1
available option that will meet the official language needs of
the country.

Return to Activity
Of the 13 apps reviewed, 6 contained education specific to return
to activities, such as sports, work, military duty, and/or school.
Of the top 5 rated apps, the World Rugby Concussion, CDC
Heads Up!, and Concussion Ed included this component and
had concrete, specific examples for activity grading of
frequency, volume, and intensity for both physical and cognitive
tasks. The suggested return to play, school, or work guidance
was consistent with evidence-based and best practice
recommendations [7,8]. Guidance on return to activity is a
common reason civilians and military members alike seek
guidance from health care professionals [17]. This is also an
area that is rapidly evolving in the literature as recent studies
increasingly promote a more active recovery in contrast to
previous recommendations that advocated for a longer period
of complete rest immediately after sustaining an mTBI [7,8,17].

Symptom Tracking
Of the 13 apps, 6 had a component of interaction with the app
that allowed for customized day-to-day symptom tracking.
Symptom tracking features addressed symptoms such as
dizziness, headaches, balance issues, cognitive dysfunction,
nausea, visual disturbances, sensitivity to noise, hearing
difficulties, fatigue, sleep disturbances, and mood changes.
Consistent with best practice recommendations, some apps
utilized evidence-based outcome measures such as the
Neurobehavioral Symptom Inventory to guide questions
regarding symptom occurrence and severity [8,35]. Symptom
tracking may have benefits such as allowing a patient with an
mTBI to visualize improvement and better report their symptom
status to their health care team. This may assist with decisions
to re-engage with returning to certain activities. Conversely,

frequent tracking could conceivably foster hypervigilance and
preoccupation with symptoms, especially among anxious
individuals [25].

Acknowledgment of Mental Health
To provide evidence-based best practice care for mTBI, it is
important that a holistic multidisciplinary approach is
encouraged because of the variable experiences of those who
experience mTBI [10]. This requires that mental health distress
and diagnoses, such as PTSD, anxiety, and depression, are
acknowledged as potential contributors to mTBI and PCS,
especially in the military context where evidence of these
comorbidities is strong [15,17-20]. The majority of apps
reviewed did not contain reference to mental health. Although
mental health symptomology and its comorbid relationship with
mTBI is a key piece of the psychoeducational strategies
recommended for mTBI management and intervention, only 1
app, Concussion Coach, explicitly acknowledged the
comorbidity of mTBI and mental health conditions [8,15].
Furthermore, only 2 apps, Concussion Coach and LifeArmor,
provided resources for mindfulness, goal setting, and cognitive
behavioral therapy, which have been identified as components
of a psychoeducational or integrated behavioral health
intervention for mTBI and comorbid mental health conditions
[15].

Diagnostic Assessment or Recognition
Of the 13 apps, 7 had a component of acute mTBI assessment
or recognition. Several were based on well-known and validated
diagnostic tools utilized in a health care context such as the
Glasgow Coma Scale and the Sport Concussion Assessment
Tool 3 or 5 (SCAT3/SCAT5) [7,36,37]. The SCAT3/SCAT5
is a commonly used and evidence-based mTBI screen
recommended for use during sport [7,37]. Of the top 5 rated
apps, 3 (World Rugby Concussion, CDC Heads Up!, and
Concussion Ed) included this component. As all the apps in this
review are indicated for use by the general public, the mTBI
assessment and recognition could carry significant legal liability,
which is a concern that has been voiced in other reviews [24,25].
As stated earlier, none of the available smartphone apps in
Canada and the United States have been federally regulated or
approved for use in diagnosing mTBI [25,26]. The diagnostic
utility of apps in mTBI detection is a controversial topic with
emerging evidence-based literature [38-40].

Accessibility
Readability and function of a concussion app needs to be
appropriate for an individual experiencing mTBI symptoms;
however, most apps contain layouts and fonts that would be
difficult to read and process for individuals with visuospatial
or cognitive symptoms of mTBI. As symptoms of concussion
may include light sensitivity, difficulty reading, and visual
disturbances, larger fonts, high visibility text, pictures or
diagrams, and an intuitive interface are very important for
usability [41]. Only Concussion Ed had a customizable interface
that allowed the user to easily enlarge the text. In the opinion
of the authors, the apps that scored in the top 5 had the best
visibility and usability of the 13 apps assessed. With mTBI and
its symptomatology being multifaceted and complex,
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intervention and rehabilitation will vary widely depending on
the needs of the person [20].

Military Specificity
As mentioned earlier, the use of “military” as a search term
confounded the app search with multiple games and other
nonrelevant apps. It is unrealistic to expect someone to search
through all the options, especially if they are experiencing
distress and cognitive dysfunction, as may be the case with
military members who sustained an mTBI or a PCS and/or have
a mental health condition [42]. Given the rate at which new
apps are entering the marketplace, the open access nature of
app stores may impact the effectiveness of starting a search
there; consequently, search results are not guaranteed to be
consistent [42].

Only 2 apps, Concussion Coach and LifeArmor, provided
military-specific resources. The majority of apps, as well as
evidence-based literature on mTBI, focus on sport-related mTBI,
which is common in the civilian population. Although military
populations experience these types of mTBI, apps specific to
military contexts would be an asset as there are multiple
complexities within military organizations, cultures,
occupational roles, and the environment to which civilians are
not exposed [13].

Military members are exposed to a variety of physical and
psychosocial variables, which either in isolation or in
combination can exacerbate the severity, longevity, and
dysfunctionality of mTBI symptoms [9-16,43]. Psychosocial
factors that are prevalent at a higher rate in military populations
include increased geographical isolation, alcohol consumption,
mental health diagnoses (ie, depression, anxiety, and PTSD),
chronic pain, TBI, and sleep disturbances, all of which can
exacerbate mTBI symptoms [9-16]. In addition, military contexts
necessitate higher levels of cognitive functioning. Cognitive
dysfunction can potentially result in decreased efficiency and
effectiveness, along with an increased risk of harm to self, the
unit, and a mission [18]. Reduced physical, mental, and/or
cognitive functioning may result in involuntary release from
the CAF because of the inability to meet the Universality of
Service criteria for employment, deployment, and fitness [44].
Moreover, as a CAF-SM transitions from the CAF to veteran
status, PCS may continue to contribute to challenges within the
transition processes, the family unit, civilian employment,
leisure activities, and self-care [21].

Blast injuries are also more unique to military populations, with
a portion of the mTBI sustained by military members during
OEF and OIF being potentially attributable to members being
in close proximity to explosions [5,9-13,43]. A blast mTBI is
an injury to the brain leading to dysfunction that is the result of
an explosion or a blast [13,43]. Despite differences among
mechanisms of injury, no significant variations in mTBI
symptoms and PCS caused by blast versus blunt force have
been identified apart from a blast mTBI preceding more severe
hearing loss [13]. Finally, repeated exposure to low-level head
trauma, such as being in proximity to low-level blasts, use of a
ram, or other weapon utilization, is another mechanism of
possible head trauma that is unique to military and paramilitary
personnel being explored in the literature [45]. More research

is needed to determine whether these mechanisms cause
differences in the presentation of mTBI and PCS, and whether
military-specific mTBI needs to be addressed as a unique subset
compared with civilian mTBI.

Health Care Use and Future Direction
There is potential for psychoeducational apps for mTBI to be
utilized in a clinical setting [29]. A health care provider could
recommend a vetted app to assist with education, reassurance,
and potentially behavioral change. This may reduce the need
for multiple follow-up appointments and could assist with
symptom reporting and monitoring [3]. Some apps have a
feature that allows data to be electronically provided to the
health care professional, which could reduce the administrative
burden on both the health care professional and the patient as
long as data sharing, privacy, and security are considered [26].
Although there could be some benefits, this area of mHealth
remains novel and not without significant issues [1,27-29,33].

Currently, health-related mTBI apps, including those providing
psychoeducation and included in this review, are not formally
regulated by government agencies, although Concussion Ed is
endorsed by Health Canada [46]. The purpose of such regulation
would be to provide the consumer with confidence that the
product can be safely used [26]. Until this is changed, the onus
is on app developers and the app provider (ie, Apple or Google)
to provide the consumer with a well-documented and described
product and a clear indication as to the intended target group
of the app [24]. The abundance of available health apps and the
rapid rate at which they continue to be released indicate that it
will take considerable time for agencies or regulatory bodies to
monitor a virtual market for regulation [25,26].

None of the apps investigated were found to have rigorous
peer-reviewed research published on the app-specific
effectiveness of the psychoeducational or mTBI management
components. The lack of empirical research to demonstrate
effectiveness may be related to the short time frame during
which mHealth apps have emerged, the speed at which their
availability changes as well as the focus on diagnostic apps
opposed to psychoeducational apps [25].

The type and volume of data gathered from an electronic device
when an app is downloaded and the details of the electronically
signed end user license vary [46]. App creation, app use, and
data storage may all occur in different countries with different
laws and regulations regarding data privacy and sharing of data
collected through electronic means [47]. Data sharing and
privacy is a consideration that requires attention from
researchers, health care professionals, and the general public
when deciding on which app to utilize or if app utilization is
appropriate at all [33]. Future systems of app evaluation and
research would benefit from adding a component that considers
data sharing, storage, and privacy.

Technology acceptance and usability studies are also lacking
for apps related to mTBI [24]. There are few early feasibility
and compliance studies for mTBI apps published with small
sample sizes that are not specific to the psychoeducational
components of the apps [25]. Investigation into the feasibility,
logistics, security, IT compatibility, and acceptance by health
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care providers and military members with mTBI is critical to
the implementation of standardized practices in military health
care systems. The rapid rate at which mHealth is evolving
contrasts with the slower pace of traditional evidence-based
research practices [25]. Exhaustive evaluation for effectiveness,
efficacy, and usability through research may not be practical
and new approaches to evidence may have to be considered
[25]. New methods of research with novel tools, such as the
MARS, may also need further consideration and acceptance to
assist both with the rapid need for mHealth research and the
regulation of health apps.

Study Limitations and Strengths
This study has a number of limitations. First, the search and
identification of apps was limited to 1 day, and given the
fast-paced release of new apps, it may not have captured all
apps available till date. Second, there are specific concerns
regarding the use of the MARS as a rating tool for health apps.
The MARS does not address data sharing, security, and privacy,
which are important components to consider when making
decisions regarding mHealth utilization. Furthermore, the MARS
involves several potentially subjective responses by the raters,
most notably in the area of app subjective quality. For instance,
question 2 asks, “Is the app interesting to use? Does it use any
strategies to increase engagement by presenting its content in
an interesting way?” [2]. As such questions may be interpreted
subjectively, mitigation strategies were implemented. These
included rater participation in standardized video training before
rating the apps, engagement of multiple raters in the rating
process, and averaging ratings across raters [2,29].

The main strength of this study is the systematic, methodological
evidence-based approach undertaken to evaluate the apps,
including the use of an evidence-based tool and multiple rounds
of elimination. In addition, the researchers engaged in this
project have clinical experience, are employed in clinical

settings, and routinely work with military and civilian
populations who have sustained mTBI. They are also skilled at
providing psychoeducational content to address mTBI and
support subsequent recovery. The execution of the a priori
process for app rating, coupled with the educational and clinical
experience of the researchers, contributed to the validity and
rigor of the app evaluation results and subsequent knowledge
synthesis of findings. As mHealth is a rapidly evolving field,
the brief time from app search and evaluation to manuscript
preparation facilitated timely knowledge translation and
integration into clinical practice.

Conclusions
As a component of mHealth, smartphone apps have become
widely available in recent years as app technology rapidly
improves. Similar to civilians, military populations have also
embraced the use of health apps, which may have advantages
specific to the challenges and barriers faced by military
personnel, including geographical isolation and stigma. Health
apps have the potential to be an engaging and accessible means
of providing psychoeducational information for mTBI
management. Of the 13 apps reviewed in this study, 5
(Concussion Coach, World Rugby Concussion, CDC Heads
Up!, Concussion Ed, and LifeArmor) were well-suited to provide
evidence-based psychoeducational information on mTBI
management. Only 2 (Concussion Coach and LifeArmor)
contained information specific to military populations and
addressed mental health information and strategies, which are
a critical component of mTBI and PCS management and
recovery [8]. Further research should investigate the
applicability, technology acceptance, and usability specific to
the utilization of psychoeducational apps among military
members with mTBI at the patient and health professional level
within military contexts such as garrison, training, and deployed
environments.
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OIF: Operation Iraqi Freedom
PCS: postconcussion symptom
PTSD: posttraumatic stress disorder
SCAT3: Sport Concussion Assessment Tool 3
SCAT5: Sport Concussion Assessment Tool 5
SM: service member
TBI: traumatic brain injury
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