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Individuals with chronic conditions and disabilities who are vulnerable to secondary
complications often require complex habilitative and rehabilitative services to pre-
vent and treat these complications. This perspective article reviews the evolution of
mHealth technologies and presents insights as to how this evolution informed our
development of a novel mHealth system, iMHere (interactive mobile health and
rehabilitation), and other technologies, including those used by the Veterans Admin-
istration. This article will explain the novel applications of mHealth for rehabilitation
and specifically physical therapy. Perspectives on the roles of rehabilitation profes-
sionals in the delivery of health care using mHealth systems are included. Challenges
to mHealth, including regulatory and funding issues, are discussed. This article also
describes how mHealth can be used to improve patient satisfaction and delivery of
care and to promote health and wellness.
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The term “mHealth” refers to
the concept of using mobile
devices, such as mobile

phones, tablets, and smartphones, in
medicine and public health. mHealth
can be considered a subcategory of
“eHealth,” which is a broader term
for the use of all electronic technol-
ogies such as computers in medicine
and public health. More than 80% of
Americans have mobile phones, and
more than 40% own smartphones,
with the latter percentage projected
to grow to more than 80% within 10
years.1 Nearly half of American
adults also have at least one chronic
medical condition, and this number
is also growing.2 Chronic conditions
result in poor medical outcomes as
well as increased cost and utilization
of health care services, not only for
older adults but for all age groups.3

Because of the ubiquitous nature of
mobile devices, and the fact that
many Americans cannot leave home
without them, their potential role in
medicine and rehabilitation contin-
ues to become more evident. Recent
statistics show that 83% of smart-
phones are always turned on and
always with the user.4

Perhaps the “simplest” forms of
mHealth are voice communication
and text messaging. An advantage of
these methods is that they can occur
via low-cost mobile phones. Voice
communication, either via person to
person or using interactive voice
response, is a simple example of
mHealth.5 Text- and video-based
messages have been used in cardiac
rehabilitation programs6,7 and to
support consumer and clinician
communication in disease manage-
ment.8,9 One meta-analysis reviewed
several trials and reported overall
modest evidence that text messaging
has a positive impact on self-
management and outcomes in condi-
tions such as diabetes, asthma, and
hypertension.10 A pilot study using
text messages demonstrated
increased healthy behaviors and

improved diabetes self-efficacy and
medication adherence in a popula-
tion of low income and bilingual
individuals with diabetes.11 How-
ever, meta-analyses10,12 reveal that
small sample size, dearth of studies
that compare various modalities
with each other (eg, text messaging,
calls) or study long-term interven-
tions, and bias of publication of stud-
ies showing only positive results are
barriers to evaluating efficacy of
these basic technologies.

An exponential growth in the use of
smartphones, however, has satu-
rated the market with applications
(“apps”) and web-based systems spe-
cifically geared for health and well-
ness purposes. As of 2010, there
were 5,820 apps within health and
wellness categories for smart-
phones.13 As of 2013, analysts esti-
mated that more than 17,000 mobile
medical apps existed, with the vast
majority being free to the con-
sumer.14 Thirty-one percent of cellu-
lar phone owners and 52% of smart-
phone owners have used their
phone to look up health or medical
information, and 19% of smartphone
owners have downloaded an app
specifically to track or manage
health.15 The Food and Drug Admin-
istration (FDA) predicts that over the
next 2 years, more than 500 million
smartphone users will use mobile
medical applications.14

The range of functionality of health
and wellness apps and systems varies
widely, and they can be categorized
generally into 6 groups.

Lifestyle-oriented apps are those that
aim to help individuals lead a health-
ier lifestyle by tracking their progress
in activities such as diet, weight loss,
or exercise programs.16 Examples
include “Nexercise,”17 “Weight
Watchers Mobile,”18 and “Lose It.”19

Individuals use these “stand-alone”
apps on their own smartphones, usu-
ally without oversight by a clinician.
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Individuals both with and without
chronic conditions may use these
apps.

Patient-oriented apps aid individuals
with medical problems in managing
chronic medical conditions through
early self-identification of symptoms
as well as management and adher-
ence to treatment. For example,
“iTriage”20 allows users to “self-
diagnose” conditions and find appro-
priate medical providers. These apps
do not have the capability of inter-
acting directly with a clinician and,
therefore, must be used with caution
in the absence of advice of a
professional.

Clinician-oriented apps aid the cli-
nician in patient management by
providing: (1) reference or educa-
tional information or (2) medical
decision making or measurement
tools or calculators. These apps are
geared for clinicians to use on their
own or to examine patients but not
for “patient-only” use. Examples of
reference or educational information
include rehabilitation exercise
guides,21,22 medical encyclopedias,
and drug reference books.23 Exam-
ples of tools include mobile acceler-
ometers, inclinometers, and goniom-
eters.24,25 The accuracy of some of
these systems in gathering data is
constantly improving. In one study,
it was possible to quantify gait
parameters with an iPhone with a
degree of accuracy and reliability
comparable to that of the tri-axial
accelerometer.26 However, native
apps on the iPhone, the inclinometer
and compass, may not be as reliable
when used to measure range of
motion.27

Disease management systems are
portals (often web-based) that help
clinicians monitor patients with
chronic conditions. These systems
may be integrated into electronic
medical records, practice manage-
ment systems, and pharmacies and

may include decision support tools.
These systems utilize traditional
computers but do not offer applica-
tions for monitoring of patients with
external, remote devices as part of
their core features. The drawback of
these systems are that they require
an active Internet connection.28

Traditional telehealth systems use
electronic communications to pro-
vide and deliver information and ser-
vices over any distance.29 Typically,
they have interfaces for both the
consumer and clinician and include a
dedicated external device, such as a
home-based blood pressure or heart
rate monitor, and support communi-
cation via a desktop or laptop com-
puter but not a mobile device such as
a smartphone. Similar to disease man-
agement systems, they require clini-
cian supervision, and some require an
active Internet connection.

mHealth systems operate similarly
to traditional telehealth applications
but include a mobile phone or tablet
application rather than a computer.
For example, teledermatology appli-
cations have been described in
which patients can report the condi-
tion and photos of a surgical wound
or other skin problems to a derma-
tology specialist through a smart-
phone.30 Individuals can use these
systems in their natural environ-
ments and even when cellular or
wireless connectivity may be unreli-
able because, in some systems, data
can be stored and forwarded once
connectivity resumes. Such mHealth
applications, therefore, are useful in
situations in which sustained adher-
ence to schedules and interventions
are the aims. Research has demon-
strated improved health outcomes
using mHealth applications in condi-
tions such as hypertension.28 Appli-
cations for diabetes management
have also utilized 2-way mobile
communications, but this functional-
ity is scarce in applications used in
rehabilitation31; therefore, literature

in this area is still sparse for
rehabilitation.

Why Smartphones?
Smartphones are becoming integral
to mHealth for several reasons. First,
as mobile phones and smartphones
become more prevalent, individuals
are becoming accustomed to carry-
ing their devices unremittingly and
using them for many different pur-
poses. Thus, devices such as per-
sonal digital assistants (PDAs) are
now scarce, despite the fact that
they have shown promise in some
prior studies. For example, PDAs
were found to have a modest bene-
ficial effect on weight loss.32

Second, as people carry smart-
phones throughout the day, the
phones can collect ecological
momentary assessment (EMA) data,
which are data obtained in real time
when a person is in his or her natural
environment. Such data are less sub-
ject to recall bias and can be used to
maximize ecological validity in stud-
ies.33 Often, EMAs are used to dis-
pense ecological momentary inter-
ventions (EMIs)—timely, point-of-
care treatments delivered when a
symptom or need is identified.

Third, smartphones can connect to
external devices either directly or
wirelessly. These external devices
can be placed on or within the body
to sense, sample, process, or trans-
mit physiological signals. Examples
of signals include temperature, heart
rate, blood pressure, oxygen satura-
tion, electrocardiography, electro-
myography, energy expenditure, glu-
cose level, and environmental
conditions.34,35 Various forms of
wireless sensors, such as accelerom-
eters, gyroscopes, and force sensors,
can be used to record physical activ-
ity, movement, or gait patterns. This
information can allow a clinician to
monitor the quality of or adherence
to exercise programs, and informa-
tion can be fed back to the user for
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motivation. This information may be
useful clinically to reduce cost and
time associated with travel and from
a research perspective because it
provides objective data on
adherence.36

Finally, smartphones also contain
numerous internal sensors (eg,
global positioning system, gyro-
scope, oscillometer) that can be
used with external devices to allow
us to monitor a variety of contextual
factors about a patient’s activities.
These sensor data can be combined
with EMA data using machine learn-
ing systems to enable context-
appropriate responses (eg, deliver-
ing timely feedback, providing
guidance during therapy) without
relying on the patient to initiate such
therapeutic interactions.37

Unique Features of
mHealth Technologies
As mHealth technologies evolve, it is
our expectation that they will pro-
vide an overarching infrastructure to
support self-management, health
monitoring, self-directed learning,
and interactive patient-clinician com-
munications. Recent advances in
mHealth provide unprecedented
opportunities for developing innova-
tive health services and interven-
tions that take advantage of the
novel characteristics of mobile
technologies.

Interventions delivered through
mHealth can have several properties
that give them the potential to be
more effective.38 Interactivity, the
ability of the technology to exhibit a
bidirectional mode of communica-
tion, can provide a “personal coach”
type environment to delivering care.
Personalization, the ability of the
technology to provide an interven-
tion that is customized to an individ-
ual’s own unique needs, may open
new opportunities for learning and
skill development. Timeliness, the
ability of the technology to assess

and deliver an intervention at the
right time, focusing on relevant, tar-
geted, and timely information, may
allow the intervention to occur
when it is most likely to have the
most beneficial effect. Context sen-
sitivity is the ability of the technol-
ogy to shape the intervention based
on a unique circumstance or the
individual’s environment.39 Ubiq-
uity and accessibility refer to the
availability and familiarity of the
technology to all segments of popu-
lations and geographic areas, includ-
ing underserved populations. Mobile
phones are now available and popu-
lar even in some of the most remote
and resource-poor environments.40

They are also the most commonly
carried devices for people with dis-
abilities.41 These features allow “any-
time and anywhere” assessments and
interventions in those who may have
the most limited access to care.42–44

Roles of Rehabilitation
Professionals and Patients
in Using mHealth
It is first important to note that
mHealth is not meant to take the
place of in-person care but to
enhance the service delivery pro-
cess.45 The enhanced services, how-
ever, may benefit the patient in sev-
eral ways. First, the patient may be
able to use the system to track and
record data of interest, such as calo-
ries eaten and burned, vital signs, or
time spent exercising. The patient
may access educational materials
such as exercise videos, diagrams, or
instructions. In most outpatient clin-
ical settings, patients with an active
therapy plan of care may receive a
very limited amount of therapy per
week. mHealth may extend the clin-
ical interface time by enabling 2-way
communication at a time and place
of convenience for the patient. This
mobile on-demand access creates
new opportunities for patients to
strengthen their relationship with
their therapist, reinforce their under-

standing of the plan of care, confirm
home exercise techniques, receive
education, and proactively address rel-
evant concerns. Such higher patient-
clinician information engagement, in
some medical scenarios, can signifi-
cantly improve the patient’s ability to
adhere to preventative medical
plans.46 Health systems offering the
continuum of therapy care could use
mHealth applications across a range of
settings to improve the patient’s expe-
rience during transition of care while
maintaining patient engagement.

For rehabilitation professionals,
mHealth technology provides tools
to monitor the effects of home exer-
cise programs, collect reliable out-
come measures or vital signs, pro-
vide feedback on posture and body
mechanics, supply educational mate-
rial, and prompt patients with moti-
vating messages. The improved
access to clinical knowledge data-
bases may provide therapists with
supplementary ways to deliver
evidenced-based interventions.

Because of the unique features of
mHealth, rehabilitation professionals
can utilize EMAs to provide EMIs to
their patients in the environments in
which they live and function.47 For
instance, a therapist could receive
data on pain collected when a
patient is actually experiencing the
pain, combined with data on
whether he or she is adhering to
exercise regimens, rather than col-
lecting this information through
standard paper measurements after
the event occurred, subjecting the
data to more recall bias. Therapists
also could choose to address these
issues immediately when the patient
is experiencing the pain, using an
EMI, versus waiting until the next
visit. In vivo care produces better
health outcomes, and users of tech-
nology find it easier to apply learned
skills when done in natural
environments.48
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The Concept of
Gamification in mHealth
Gamification49 is a process by which
the desirable features of games are
used in non-game contexts to lever-
age a person’s interest in competi-
tion to achieve results in another
realm. Gamification is important to
recognize as a trend in mHealth for 2
reasons.49 First, mobile consumers
continuously seek newer and better
smartphone devices, which provides
game designers with more opportu-
nities to create interactive health
interventions. Second, developers
are generally eager to take what they
learn about players’ behaviors and
incorporate the information back
into the software they develop.

For example, Jacobs et al50 pilot
tested a competitive gaming system
that provides feedback and adjusts
the level of difficulty based on per-
formance in people who have had
strokes. They added rewards in the
form of points that are viewable by
the person playing the game during
repetitive upper extremity tasks. A
study specifically using mobile
devices provided adolescents with
diabetes with an app that allowed
them to “team up” and monitor their
blood glucose levels together.51

When rewards through iTunes music
and apps were given, consistency of
glucose monitoring and satisfaction
with the program improved.51 Addi-
tional examples are provided in an
article by Lin and Zhu.52

Apps can provide supportive mes-
saging or virtual rewards, such as
coupons for products or restau-
rants.53 A social component is avail-
able through many of these apps that
may incentivize individuals to exer-
cise or lose weight through peer sup-
port and a bit of healthy competition
among friends and family as every-
one reports their progress. A recent
newspaper article54 pointed out the
latest apps that are geared to creat-

ing fun-filled unique challenges and
reward systems for exercise.

The Role of mHealth in
Patient-Centered
Rehabilitation
mHealth technologies can be used as
a patient-centered approach to
health care to influence important
patient outcomes.55 High satisfaction
with care has resulted from mHealth
systems that improved diabetes self-
efficacy and adherence.56 The use of
mHealth has improved the quality of
health care by collecting blood pres-
sure readings from patients through
mobile phones and allowing medical
doctors to make more informed
choices and provide feedback to
patients from the web services.57

mHealth systems also have been
found to have great potential for
behavior modification in drug abuse
treatment, human immunodefi-
ciency virus therapies,58 health
behaviors, and physical and psycho-
logical symptoms.59

Our Experiences in Using
mHeath Within a
Community Setting
Because of the potential to use
mHealth to improve outcomes in the
face of complex and chronic condi-
tions, we developed our own sys-
tem60 and pilot tested it in individu-
als with spina bifida to assist them in
managing skin integrity, neurogenic
bowel and bladder, and general
health issues such as medication
management and mental health. We
based our system on our own Well-
ness Pilot Program, in which well-
ness coordinators managed the care
of individuals with spina bifida and
which resulted in improved out-
comes in terms of reducing the num-
ber of medical complications and
reducing health care costs.61 Our
mHealth system, iMHere,60 is a web-
based portal used by a wellness coor-
dinator that is linked to a suite of
smartphone apps used by patients.

iMHere delivers reminders to
patients to perform self-care activi-
ties such as catheterization, taking
medications, or checking the skin for
pressure ulcers that might have
occurred from using orthoses or
from inadequate weight shifting
within a wheelchair. If a problem is
encountered, the patient can report
the problem and provide informa-
tion such as a photo of the wound or
information about symptoms. The
wellness coordinator can provide
instructions or educational materials
to the patient and can use the dash-
board on the portal to triage and
manage a cohort of patients with the
goal of identifying problems early
and delivering EMIs. The system was
evaluated by a focus group of indi-
viduals with spina bifida, clinicians,
and caregivers who were overall
receptive to adopting a system for
personal and professional use.45

The usability studies revealed several
key issues of interest to rehabilita-
tion professionals when using
mHealth. Concerns of respondents
about the time efficiency of using the
system and frequency of alarms
resulted in significant design
changes to make the system more
user-friendly. Some clinicians, indi-
viduals with spina bifida, and care-
givers were more receptive to “new
technology” than others. Thus, it is
crucial with any mHealth system to
carefully consider who the optimal
users will be. Clinicians were most
enthusiastic about having the ability
to deliver EMIs in a new way. We
have recently concluded a full ran-
domized clinical trial evaluating the
impact of the system on health and
psychosocial outcomes as well as
health care utilization, and the
results are still being analyzed.

A second type of mHealth system
developed at the Human Engineer-
ing Research Laboratories (Pitts-
burgh, Pennsylvania) is a virtual
coaching system. Virtual coaching is
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a form of persuasive technology that
provides encouraging messages to
elicit voluntary behavior change.53

The Virtual Seating Coach is a pro-
grammable intelligent reminder sys-
tem that was assimilated onto power
wheelchairs to monitor the utiliza-
tion patterns of power seat functions
(eg, tilt, recline, and elevating leg
rests) and provides reminders and
cues for seat function use in accor-
dance with clinical practice guide-
lines.62,63 The Virtual Seating Coach
can support in-person clinician train-
ing on seat function use with audi-
tory and visual feedback and remind-
ers through text appearing on a
touch screen display. For example,
the Virtual Seating Coach reminds,
guides, and provides positive rein-
forcement to a user who has skin
breakdown or lower extremity
edema for adjusting the tilt to a
degree (within a range established
by the therapist) that has been found
to relieve pressure or reduce edema.
A new mobile phone application of
the Virtual Seating Coach is being
tested that provides feedback on seat
function use plus affords users
access to all of the features of their
phones. The app is likely to improve
availability of the Virtual Seating
Coach technology to clinicians.64

Initiatives of the Veterans
Administration
mHealth policy has still not caught
up to the technology, and more evi-
dence from research is needed to
influence policy regarding the effi-
cacy of mHealth. However, the Vet-
erans Administration (VA) has
embraced all forms of telehealth and
is currently providing clinical ser-
vices, and VA clinicians are billing
for it. The VA has aggressively
deployed mHealth and telemedicine
also, in part, to support its aim to
provide patient-centered care.65,66

Early studies evaluated in-home tele-
health messaging systems that were
linked to landline phones. Veterans
indicated that this mode of commu-

nication was acceptable, easy to use,
and helpful in the setting of drug and
alcohol abuse.65 The authors con-
cluded that, because of the veterans’
perceived benefits, these types of
services could be especially benefi-
cial for those who may otherwise
lack access to traditional treatment
services.65 Another study evaluating
the efficacy of a home exercise pro-
gram for inactive older veterans
revealed that those who received
text message reminders had higher
adherence to home exercise
programs.66

The VA’s newer mobile health initia-
tives have targeted 3 groups: veter-
ans, caregivers, and VA clinical
teams.67 Pilot projects have included
a smartphone and tablet system that
allows clinicians to access critical
information from a patient’s elec-
tronic health record; a tablet pro-
gram with multiple apps connecting
veterans, caregivers, and clinicians
that provides coaching, access to
medical records, and medication
refills, among other functionality;
and a system to make appointment
requests through mobile browsers.
The VA has already released several
apps geared to supporting psycho-
logical health, treating symptoms of
post-traumatic stress disorder,
improving sleep, and assisting with
smoking cessation.67 The VA also
will be releasing its own VA App
Library once the pilot programs are
complete.

Regulatory Issues and
Funding Challenges
While mHealth is not yet a reimburs-
able service for rehabilitation provid-
ers in all states, the overarching
method of service delivery termed
“telehealth” is being reimbursed
within an increasing number of
states in the United States.

The American Physical Therapy
Association (APTA) endorses the
development and use of telehealth

for the purpose of overcoming prob-
lems with access to in-person physi-
cal therapy services.29,68 Delivery of
telehealth, however, must follow the
standards of practice, position state-
ments, policies, and ethics of
APTA,69 including the Guide to Phys-
ical Therapist Practice,70 Standards
of Practice for Physical Therapy,71

and Code of Ethics,72 as well as state
and federal laws for maintaining
patient security and privacy29,68 In
addition, rehabilitation professionals
licensed in the state where the tele-
health services are provided must be
accountable, follow standard docu-
mentation procedures, and have the
experience and proficiency to pro-
vide top-quality telehealth services in
a safe manner. The APTA stresses the
importance of using reliable elec-
tronic systems to administer tele-
health that deliver concise messages
and receive accurate input from
users and are able to be improved as
technology progresses.29

The American Occupational Therapy
Association (AOTA) also has been a
strong advocate for the integration
of telehealth services into clinical
practice. A 2010 position paper and
a recently revised 2013 position
paper on telehealth by AOTA pro-
vides an overview of the various
technologies, terminology, policies,
and ethical guidelines as well as
several case studies that exemplify
the use of telehealth practices in
delivering occupational therapy
services.73,74

In September 2013, the FDA released
a statement on the guidance of reg-
ulations for mHealth apps.75 The
FDA concluded that the majority of
medical apps do not pose a signifi-
cant health risk to consumers and do
not require oversight. However, sys-
tems that use either a smartphone or
tablet connected to a peripheral
device such as a heart monitor or
blood pressure cuff, for example,
should be regulated at the federal
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level. At the time of the released
guidance document, FDA officials
had approved 75 mobile medical
applications.14,75

A Global Perspective
Worldwide, 2 international organiza-
tions that are actively promoting
mHealth are the World Health Orga-
nization (WHO) and the Interna-
tional Telecommunications Union
(ITU). The ITU develops standards
for interconnection of technologies
and networks and aims to improve
access to information and communi-
cation technologies all over the
world. In addition, the International
Society for Telemedicine and
eHealth (ISfTeH) has official relation-
ships with WHO and ITU, acts as a
federation of telehealth organiza-
tions, and assists with starting new
technology initiatives in developing
countries.

Worldwide, mHealth is seen as an
enabler of change because of its high
reach and low-cost solutions, espe-
cially in the areas of chronic and
communicable diseases.10,76 Mobile
phone penetration in developing
countries is 89%, whereas computer
penetration is only 5%.77 Although
mHealth is becoming useful in
resource-constrained environments,
particularly in developing countries
where access to care may be limited,
there are a few barriers that may
limit its efficacy. A review article by
Chib78 states that, although most lit-
erature on global use of mHealth
describes technology development
for developing countries, there is a
gap in the literature on health out-
comes and adoption of mHealth in
global populations. As mHealth is
intended to augment but not com-
pletely replace medical care, out-
comes from its use may not be as
favorable in some populations if
few individuals ultimately access
in-person medical services, even if
they are provided with and use the
technology. Moreover, socioeco-

nomic and cultural differences as
well as extreme poverty and illiter-
acy can influence the adoption of
mHealth. In countries where gender
and social-cultural hierarchies exist,
some women must rely on men to
access information or technologies.
Yet, in many resource-constrained
environments, some countries such
as Rwanda have made great strides in
the implementation of mHealth tech-
nologies.79,80

Looking Ahead to the
Future
A significant barrier to using smart-
phones in rehabilitation is cost. In a
previous study using a diabetes self-
management program in which
patients were given rebates to pur-
chase phones and service, the drop-
out rate was high because patients
still could not afford them.81

Although there are widely varying
estimates of what smartphones will
cost in the coming years, what is
agreed upon is that costs will inevi-
tably decrease. According to a report
released by the International Data
Corporation, average retail prices of
smartphones are expected to drop to
as low as $304 by 2017.82 A study by
Informa Telecoms & Media predicts
that 50% of smartphones sold in
2017 will cost $150 or less.83

The lower cost of smartphones is
certainly a factor that will allow
them to continue to become more
ubiquitously used. However,
mHealth systems will eventually
need to be able to share data with
the electronic health record or per-
sonal health record.28 Today, there
are only a few systems that achieve
such integration and that provide
exchange of a very limited number
of data points. Some diabetes appli-
cations, for example, synchronize
with a personal health record or
server, relaying information on dia-
betes management to the clinician,
but few provide detailed or person-
alized patient education.31 The abil-

ity to exchange vast amounts of
information on a patient’s multiple,
chronic conditions with health
records is crucial to harness the full
potential of mHealth systems. Fur-
thermore, rehabilitation profession-
als will need to lend expertise to
teams developing mHealth systems
for these technologies to evolve to
standards that meet the needs of the
rehabilitation profession.

Conclusions
The evolution of mHealth technolo-
gies has changed the way we deliver
and think about delivering care to
patients with chronic conditions and
how individuals in the community
manage their own health and well-
ness. In general, these systems have
shown promise from improving the
quality of health care delivery,
patient satisfaction, participation in
self-care regimens, and behavior
modification. However, there are sig-
nificant information gaps regarding
the long-term effects, acceptability,
costs, and risks of such interven-
tions, which warrant more research.
As the role of mHealth within the
field of rehabilitation grows, the
emergence of studies on novel appli-
cations such as iMHere will begin to
elucidate the impact they can have
on important functional and patient-
centered outcomes.
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