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Abstract

Background: Robot-assisted therapy has become a promising technology in the field of rehabilitation for poststroke patients
with motor disorders. Motivation during the rehabilitation process is a top priority for most stroke survivors. With current
advancementsin technology there has been theintroduction of virtual reality (VR), augmented reality (AR), customizable games,
or a combination thereof, that aid robotic therapy in retaining, or increasing the interests of, patients so they keep performing
their exercises. However, there are gapsin the evidence regarding the transition from clinical rehabilitation to home-based therapy
which calls for an updated synthesis of the literature that showcases this trend. The present review proposes a categorization of
these studies according to technologies used, and details research in both upper limb and lower limb applications.

Objective: The goal of thiswork wasto review the practices and technologies implemented in the rehabilitation of poststroke
patients. It aims to assess the effectiveness of exoskeleton robotics in conjunction with any of the three technologies (VR, AR,
or gamification) in improving activity and participation in poststroke survivors.

Methods: A systematic search of the literature on exoskeleton robotics applied with any of the three technologies of interest
(VR, AR, or gamification) was performed in the following databases: MEDLINE, EMBASE, Science Direct & The Cochrane
Library. Exoskeleton-based studies that did not include any VR, AR or gamification elements were excluded, but publications
from the years 2010 to 2017 were included. Results in the form of improvements in the patients' condition were also recorded
and taken into consideration in determining the effectiveness of any of the therapies on the patients.

Results: Thirty studies were identified based on the inclusion criteria, and this included randomized controlled trials as well as
exploratory research pieces. There were atotal of about 385 participants across the various studies. The use of technologies such
as VR-, AR-, or gamification-based exoskeletons could fill the transition from the clinic to a home-based setting. Our analysis
showed that there were general improvements in the motor function of patients using the novel interfacing techniques with
exoskel etons. This categorization of studies hel pswith understanding the scope of rehabilitation therapiesthat can be successfully
arranged for home-based rehabilitation.

Conclusions:  Future studies are necessary to explore various types of customizable games required to retain or increase the
motivation of patients going through the individual therapies.

(JMIR Rehabil Assist Technol 2019;6(2):€12010) doi:10.2196/12010
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Introduction

Background

Stroke refers to a sudden, often catastrophic neurological event
that can lead to long-term adult disability. The American Heart
Association (AHA) is responsible for providing up-to-date
statistics related to heart disease and stroke. According to
Benjamin et a [1], the AHA released a 2017 statistics report
on heart disease and stroke that stated that approximately
795,000 stroke episodes occur in the US each year. With current
advancementsin medical technology there has been a decrease
intherate of strokeincidents, but it can still cause paralysisand
muscle weakness. Such impairments can result in motor deficits
that disturb a stroke survivor's capacity to live independently.

There are several reasons for stroke occurrence, which could
be related to an increased risk of a collection of symptoms
caused by disorders affecting the brain (eg, dementia) [2].
Various rehabilitation techniques have been used in the area of
rehabilitation-based interactive technology to assist patientsin
recovering from impairments, and those techni ques come under
theumbrellaof conventional therapy, exoskel eton or robot-aided
therapy, virtual reality (VR) or augmented reality (AR) therapy,
games-based therapy, or a combination of any of these. These
formsof therapy can be doneeither intheclinic or inanin-home
setting. In addition to these, there is a new technology known
as telerehabilitation [3] that leverages the use of VR in home
settings by providing patients access to real-time rehabilitation
services through the internet while they sit at home.

One of the most effective techniques is robot-aided therapy,
which has been gradually increasing in use primarily because
patients may consider traditional rehabilitation therapy to be
tiring and exhaustive. This may decrease their motivation and
cohesion to the treatment, thus resulting in only minor
improvement in the health of poststroke patients [4-6]. Various
experimental evidence suggests that robot-assisted (or
exoskeleton) rehabilitation has been effective in keeping patients
motivated and interested in treatment for both upper or lower
limbimpairments[7,8]. With advancementsin technology, there
has also been an uptake of VR, AR, and Gamification for the
purposes of rehabilitation [9], along with robotic rehabilitation
[10,11], primarily to increase engagement, immersion and
motivation on behalf of the patient. Both Colombo et al and
Alankuset a [12,13] concluded and showed the positive effect
of exoskeleton robots and games in poststroke rehabilitation.
Wearable devices such as exoskel etons can also relay real-time
feedback for any VR-based interactions [14].

Apart from these studies, Housman et al [15] showed user
satisfaction survey resultsin which 90% of participants agreed
to the fact that robot- or games-assisted therapies were less
confusing, and improvementswere very easy to track compared
to traditional or conventional therapies. Further, it is thought
that gamification can increase repetition, engagement, and range
of care within the context of rehabilitation [16,17]. Games are
not only useful for the field of rehabilitation, but they are also
considered to be highly impactful and relevant in other medical
and hedlth fields. Russoniello et a [18] conducted arandomized
controlled trial (RCT) study in which the effects of video games
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on stress-related disorders were tested, with the conclusion
being that games were beneficial for their prevention and
treatment. In another study, children who had cerebral palsy
made use of a game (EyeToy) which was able to improve their
upper extremity functions over time [19].

Virtual Reality, Augmented Reality and Gamification

VR is avirtual form of area entity, object or environment.
According to Schultheis et a [20], VR can be regarded as an
enhanced version of human-computer interaction (HCI) inwhich
the human interactswith athree-dimensional (3D) interfaceand
is immersed in a synthetic environment comprised of digital
objects. Various devices, such as earphones and head-mounted
displays (HMDs), are used to support this form of technology.
VR has already become popular in the fields of science, music,
education and training, and healthcare, but in areas such as
poststroke rehabilitation it has been an immense benefit. For
example, Katz et a [21] described the effectiveness of VR in
treating poststroke patients through their street program. Inthis
study, the patientswere suffering from Unilateral Spatial Neglect
(USN), which happens because of right hemisphere—caused
stroke. VR can provide the opportunity to create and customize
apatient’straining based on their interests. This could increase
their motivation to continue training and increase their attention
during their sessions, both of which are essential factors for
effective rehabilitation.

As mentioned above, traditional methods of rehabilitation might
lead to a patient’s loss of interest in their therapy, as it often
involves daily repetitive tasks. VR encourages patients to
participatein their therapy by either incorporating gamesin the
form of exercises or through other interactive means. With the
current state of VR in rehabilitation services, a new form of
therapy has gradualy emerged that is known as Virtua
Rehabilitation [22]. Virtual rehabilitation is defined asthe ability
of VR to provide therapy to patients using its hardware and
simulation. Apart from a definition, Burdea also lists
classifications and taxonomy for Virtual Rehabilitation [22].
Classification is done based on the area of study, the
rehabilitation protocol, or the availability of atherapeutic team
for the patient. Hardware used in VR is multipurpose and can
be used for different patients suffering from different types of
strokes (eg, a hand glove can be used to do strengthening
exercises as well as other motor improvement exercises.)
Therefore, VR provides an interactive and motivational
environment, where patients feel encouraged to participate in
clinical or home-based trias.

We must also consider the advancementsin VR technology in
recent years by the inclusion of sixth and seventh generation
gaming systems, which include various popular systems such
as the Xbox 360 Kinect and the Nintendo Wii. Yates et al [23]
discussed various commercia gaming systems and gave
extensive information regarding the features of these VR
systems. When more realism (such as through the inclusion of
tangible or physical objectsinthevirtual world) isaddedto VR,
it givesriseto anew technology called AR. The user feelsmore
realism as they receive more control over virtual objects by
interacting with real objects. The virtual view of the world, or
an environment, is superimposed in the real world, so therefore
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VR and AR lie at the opposite ends of a reality-virtuality
spectrum.

Slowly, AR isalso gaining traction in thefield of rehabilitation.
According to Khademi et al [24], when ahaptic device was used
with AR in an experiment, there were improvements in hand
stiffness that proved the potential of a haptic AR rehab system.
In another study, Mousavi et a [25] trained and assessed
subjectsside by sidewith the help of multiple groups. One group
used AR whilethe other one used traditional HCI viaapersonal
computer and a mouse. The results of this study showed
increased motor movements in the group using the AR
technology as compared to the traditional means of interaction.

In addition to these two technologies (VR and AR), video games
are often used in rehabilitation services these days as they play
an essential part in encouraging patients to participate in
therapeutic exercises. It should be noted that VR- or
AR-interaction can be nongamified or nonplayful, whichiswhy
we prefer to delineate them. Games are used with specific
hardware depending on the physical condition of the patients,
and various game attributes are considered while developing
games for rehabilitation purposes. There are severa types of
games used in rehabilitation services, such as two-dimensional
(2D), 3D, VR and AR games, and other natural user interfaces
such as Wii, PlayStation, Wii Balance, Xbox, and Kinect.
Alankuset al [13] devel oped gamesfor stroke-affected patients
and identified three important attributes in this space: social
context (multiplayer versus single player), motion type
(single-muscle motion versus multiple-muscle motion) and
cognitive challenge (easy versus difficult). Audio-visual cues
and performance-related online information was also provided
to patients as another means of boosting their motivation.

It should be noted that most of the games used in rehabilitation
are commercial, off-the-shelf games. In a study conducted by
Acostaet a [26], the feasibility of using the Nintendo Wii was
assessed in a group of 20 patients, and it was concluded that
use of computing gaming devices might be a benefit for
rehabilitation. Burke et a [27] discussed various games (eg,
Rabbit Chase, Bubble Trouble and Arrow Attack), and identified
game design principles which were significant for upper limb
stroke rehabilitation. However, the aim of our paper is to
investigate and review the coupling of such gaming elements,
or virtual reality, with an exoskeleton or robotic device.

Exoskeleton means an extension to the (human) skeleton, but
in simplistic terms, some researchers have defined an
exoskel eton as any transparent devicethat auser or patient may
wear or attach upon themselves and that extends their natural
motor capabilities by determining their intent [28]. They are
popular for enhancing human strength and speed via their
internal components, which isacomposition of electric motors,
levers, and hydraulics. There are many exoskeletons available,
like Amadeo, HandCARE, ARMin IV, and CyberGlove, that
are used to assist patients in participating in rehabilitation
sessions.

To summarize, in our review we intended to ascertain the
possible interactions of rehabilitation robotics or exoskel etons
with AR or VR (forming the two major components considered
within our review, that is, the hardware and the interfacing
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technology), that is, to use the intermediate interfaces employed
as a means of supplementing the rehabilitation process using
exoskel eton-based hardware. Therefore, we set out to perform
an exploratory review of thefield of rehabilitation roboticswith
an additive aspect of technical scope, focusing on solutionsand
prototypes in the area of exoskeletons that interfaced with
software mediums. Our methodology focused on the common
approach carried out when doing systematic reviews; however,
our analysis and reflections were mainly based on qualitative
grouping and meta-synthesis, due to the preliminary nature of
our work and the heterogeneous and multidisciplinary character
of our considered papers.

To further motivate our approach, work and research objectives,
we scanned the literature to extract review articles like ours,
and two recent studies emerged. Thefirst focused primarily on
the prospect of exoskeletons for stroke rehabilitation [29] and
the second discussed the possibility of VR-based interactions
for rehabilitation [30]. We essentially combined the two and
investigated what would happen when both hardware-based
rehabilitation aids and software interfaces depicting virtual
reality or gaming mechanisms were merged.

Therefore, to conclude, the aim of this review was to examine
the potential and latest trends in the area of exoskeleton- or
robotic-aided therapy in combination with VR, AR, or
gamification for the improvement of motor function for
poststroke patients. Specifically, we aimed to determine: (1) if
such a coupled approach or setting could provide positive
outcomes for patients; (2) trends and popular configurations
across both types of exoskeletons and software mediums; and
(3) future challenges in the field of exoskeleton-based HCI

therapy.
Methods

Databases Sear ched and Search Terms Used

We conducted this review according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [31]. The following databases were searched for
relevant studies; MEDLINE, EMBASE, Science Direct and
The Cochrane Library, and studies conducted between theyears
2010 to 2017 were included. An electronic search of the
literature was performed using search terms such as* post-stroke
rehabilitation, exoskeleton, robotic device, virtual readlity, or
augmented reality, or gamification”.

Inclusion and Exclusion Criteria

Inclusion criteriawere asfollows: (1) experimental, explorative
or RCT studies on poststroke rehabilitation, (2) VR, AR, or
gamification visual feedback, (3) stroke-affected patients; and
(4) use of an exoskeleton or robotic device. As per our
interpretation for this review, a VR or AR environment in the
field of robot-aided rehabilitation is areplica of the real-world
environment that is achieved after using hardware devices and
awearable exoskeleton device in liaison with each other.

The exclusion criteria for our study were: (1) studies done
without the use of any robotic device or exoskeleton; (2) studies
with nonvirtual or nonaugmented environments, or an absence
of games; and (3) publications or articles in languages other
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than English. As mentioned before, due to the heterogenous
nature of the collated studies, datawas synthesized qualitatively.

Results

Search Results

A total of 504 articles were identified from electronic searches
and atotal of 56 were identified through reference searches or

Figure 1. Selection of articles for review.

Mubin et al

other sources. We excluded 129 citations which were only at
title and abstract stage, resulting in 204 full-text articles. Of
these, 132 citations were excluded at the full-text stage, with
reasons mentioned in Figure 1 as per the exclusion criteriafor
this paper. 30 studies reported across 30 publications were
identified for inclusion in this review.
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Overview of Included Papers

All articles published in English and in the years 2010 to 2017
were included. Four studies were published in the year 2010
and one in the year 2017, with size of the samplesinvolved in
the studies ranging from 1-47 participants per study; however,
13 studies had less than 10 participants. In two of the studies,
healthy users of the devices were used as controls to compare
the improvements of the patients [32,33]. Apart from this, one
clinical study [34] was performed with just one patient who
attended six sessions three times aweek for two weeks, where
it was found that the VR-based system resulted in effective
upper-limb rehabilitation for this patient.

The average time poststroke for the participants involved in
these studies, as mentioned in the articles, varied from less than
six months to several years. Four studies did not mention the
poststroke period at all [32,33,35-37], whilethree studies (10%)

https://rehab.jmir.org/2019/2/€12010

Meta-analysis or other
review papers

were held during the subacute (less than three months
poststroke) stage [38-40]. All the other papers in our sample
carried out their studies during the chronic stage (greater than
three months poststroke). Most of the studies (28/30) considered
designing rehabilitation therapiesfor upper limb while only two
studies involved lower limb. Several measurement assessment
scales were used in the studies that were used to assess
improvementsin motor functionswhich wethen analyzed. Some
of the scales included were the Chedoke-McMaster Stroke
Assessment (CMSA), the Fugl-Meyer Motor Assessment
(FMA), the Wolf Motor Function Test (WMFT), and the
Modified Ashworth Scale (MAS), among others. An overview
of some of the criteria used is provided as a summarized table
below (see Table 1), whereas a detailed overview of the entire
dataset isprovided in Multimedia Appendix 1. Theentire sample
of 30 studies is dso avalable in the reference list
[26,32-36,38-61].

JMIR Rehabil Assist Technol 2019 | vol. 6 | iss. 2 |€12010 | p.6
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES

Mubin et al

Table 1. Overview of some of the criteria of our review and their associated frequencies (N=30).

Criteria Relative frequency, n
Limb Type

Upper limb 28

Lower limb 2
Device

Armin 2

Armeo 2

Bi-Manu 2

Other 24
Degrees of Freedom

<10 15

>10 1

Not mentioned 14
Setting

Clinic 25

Home 4

Both 1
Interaction Type

Games 15

Virtua Reality 15
Sample Size

<10 14

>10 16
Discussion e o Al e e o e
Key Findings stroke-affected subjects were more interested in playing

The studies were categorized into different fields, and of all 30
studies half of them used VR therapy while the other half used
some gaming concepts. The studies that involved the use of an
exoskeleton or robotic device along with VR, AR, or
gamification were within the inclusion criteria of this review,
so thirty exoskeletons or robotic deviceswereincluded. Of these
devices, three exoskeletons emerged as slightly more popular
in use: ARMin, Bi-Manu Track and ArmeoSpring. These
devices each had repeated use in two studies while 24 studies
made use of entirely different exoskeletons or robotic devices.

Klamroth-Marganska[41] made use of the ARMin exoskeleton
in a 3D workspace with 7 degrees of freedom (DOF) for arm
motor impairment in their study. This study was carried out
among 38 poststroke patients who attended atotal of 24 sessions
(45 min/session) where they used VR Games that had their
difficulty level adjusted by the therapist. This study resulted in
improvement in the affected arm that was trained using ARMin,
and audio-visual feedback was also provided to the patients
through the VR games to elevate their motivation. Another
lab-based empirical study [32] used the fourth version of the
ARMin exoskeleton for 30 healthy and 8 impaired subjects, all
of who played games with varying difficulty levels during the
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multiplayer games as compared to single player, asthat allowed
them to interact with peers or partners (dependent on the
personality traits of the participants).

Another exoskeleton device, Armeo Spring, was used in two
other papers selected for analysis [42,43]. In the Grimm et al
study, an Armeo Spring device with 7 DOF was used for a
clinical study involving five subjects who attended 20 sessions
of therapy over four weeks (20 min/session). A VR interface
was used with the exoskeleton and the difficulty level of the
exercise was adjusted as per a patient’s performance, with a
provision for feedback on movement quality. Improvementsin
kinematic parameterswere observed, thus making this particular
V R-exoskel eton setup an effective combination for poststroke
rehabilitation. Inthe Gijbels et d article, the Armeo exoskeleton
was used with VR-based, nongamified learning (domestic
cleaning tasks) for 10 subjects performing exercisesthreetimes
per week, for atotal of eight weeks. Each session lasted for 30
minutes, and auditory-visual performance feedback was
provided both before and after the practice. The main outcome
of thisstudy wasthat functional gainsin motor movement were
reached at the end of the two-month study period, even for
patients with high levels of disability.
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In the year 2011, severa studies were published that made use
of exoskel etonswith other technol ogies, and here we summarize
afew as case studies. Lambercy et al [44] had a study of 13
poststroke participants using HapticKnob and games which
resulted in improvementsin their hand and arm motor functions,
while Acosta et a [26] used 3D arm coordination training
alongside video games and concluded that the duo would be
useful for stroke rehabilitation. Similarly, two other studies by
da Silvaet a and Stein et a [40,62] made use of Data Gloves
and Amadeo aongside VR and games, which led to
improvements in multiple measures of motor performance in
the participants involved in the study. In addition,
Bi-Manu-Track with games and Robotic Upper Extremity
Repetitive Trainer (RUPERT) with VR were used for both
clinical and home-based rehabilitation such asin [53]. In this
study, out of the two patients the first showed improvement in
movement smoothness on targets while the second did not
experience any ascending or descending trend in smoothness.

The studies mentioned so far mostly involved one part of the
human body (arm), but Connelly et a [35] discussed hand
improvementsin which the PneuGlove with 6 DOF (Servomotor
actuator) was used in aclinical study that engaged 14 patients
for six weeks (60 min/session). An HMD was used to measure
haptic feedback in the study, and as aresult, agreat increasein
FMA scores were achieved. In adifferent study, a home-based
trial was done on hand motor function improvements [45]
wherein Hand Mentor Pro (HMP) was used alongside video
games. From this study, visual biofeedback about the quality
and quantity of wrist movements was attained, which resulted
inimprovementsin ARAT scores. In amore recent study, Khor
et a [46] discussed theimprovementsin a30 min, robot-assisted
study for 7 participants who actively took part in clinical and
home-based rehab therapy, and who showed improvementsin
both hand and arm functions. This therapy was assisted by the
CR2-Haptic device alongside a VR game, and it was reported
that al subjects were comfortable with the therapy. The study
also reported on the low cost of its hardware due to a reduced
number of sensors and actuators, but this had the negative effect
of lowering the customization and scalability of the exoskel eton.

We noticed that there was less academic literature for lower
limb rehabilitation compared to upper limb rehabilitation, but
our review still included two studies that involved lower limb
rehabilitation. Forrester et a and Mirelman et al [47,63]
described the effectiveness of the use of the exoskeletons
Anklebot (3 DOF) and Rutgers Ankle Rehabilitation System
(RARS) (6 DOF), alongside VR and video games, for ankle
and foot rehabilitation. Improvements in walking velocity and
paretic ankle motor control, as well as an increase in peak
plantarflexion moment and in ankle power generation, were
observed. Through further snowballing searches after the
primary search, we aso located two additional studies that
employed the Lokomat exoskeleton for leg rehabilitation
[64,65]. Both of these studies utilized VR astheir key interfacing
medium, but the former was a study with adults where aracing
game was the main object of interest, while the second was a
study with children where games such as soccer were
incorporated. Both studies reported generally increased levels
of engagement from the participants and thus further outlined
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the potential of robot-aided rehabilitation for lower limbsusing
VR. An interesting observation was the absence of AR-based
systemsfor stroke rehabilitation in our sample. The requirement
of additional hardware over exoskeletons and real -timetracking
might be a deterrent. With the current advancements in AR
systems (such as HoloL ens), we would expect their application
in clinical and medical settings to grow.

Future Challengesin the Field of Rehabilitation

Although positive results and improvements in motor function
were observed in most of the studies, the results from this
systematic review also depict that most rehab servicesare carried
out in groups in clinics while home-based rehab is rarely
attempted using the current configuration of interactive
technologies. Group therapies in a clinical or lab setting are
done so that patients feel motivated by collaborating with, or
competing against, each other. In home-based rehabilitation, it
is possible that patients might feel overwhelmed or isolated
with the advanced forms of technology necessary for their
therapy. In this case, the technology and the therapy sessions
need to be designed in away such that patients feel motivated
and confident during home-based rehabilitation sessionsaswell
(such as through online-tailored gaming). Thus, game-based
rehabilitation can play a key role and provide a suitable
interfacing medium for VR or AR, with 10 of our sample of 30
papers associating gaming with virtual redity. Use of
customized games should be encouraged so that games are
designed to keep in mind a particular target user, which could
drive motivation in those people who play these specialized
games at home as apart of their rehabilitation process. Articles
in our sample indicated the key considerations that researchers
must focus on while designing games for rehabilitation (also
known as serious games), with key elements of discussion
including: whether the play is meaningful, if engagement or
motivation is retained, the difficulty level of the game, therole
of customization, the range and type of feedback acquired, and
the overall usability of the gameplay. Lastly, the interaction
technique used is aso a key consideration in game-based
rehabilitation, with what gestures result in what game event
easily being dictated by the motor movements required (such
aswhether the gameinteraction will involve grasping, pinching
or linear limb movements).

However, there are some limitationsto thisreview. For example,
different types of assessment scale and quality of collected data
were used, which makes it difficult to compare the outcomes
and results accurately or quantitatively against each other. In
addition, some articles could have been missed in the review
due to very specific search criteria.

Conclusion

Thisreview was carried out to collect datafrom different clinical
trials and then to categorize and explore them to find the
effectiveness of VR, AR, or gamification when used in
combination with an exoskeleton or robotic device for the
rehabilitation of poststroke patients. It wasfound that very little
work isdone to make use of thesetechnologiesfor rehabilitation
of lower limbs when compared to upper limbs, and that there
are a wide variety of exoskeleton-based devices currently in
use. Apart from this, the review also states that these
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exoskel eton-based devices are rarely available for home-based to engage poststroke patientsin rehabilitation therapies done at
trials. This shows that there is a considerable gap in the their homes. In addition, commercial, off-the-shelf games may
transition of rehabilitation servicesfrom aclinical environment  be deployed easily, but efforts must be dedicated to designing
to a home-based setting. Future work should focus on the gamesfor rehabilitation to keep in mind the user and allow for
successful application of VR, AR, or gamification technology customization to facilitate their motivation.
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Abstract

Background: Evidence shows that gait training in older adults is effective in improving the gait pattern, but the effects abate
with cessation of training. During gait training, therapists use a number of verbal and visual cues to place the heel first when
stepping. Thissimple strategy changes posture from stooped to upright, lengthens the stride, stimulates pelvic and trunk rotation,
and facilitates arm swing. These principles guided the development of the Heel2Toe sensor that provides real-time auditory
feedback for each good step, in which the heel strikes first.

Objective: Thisfeasibility study aimed (1) to contribute evidence toward the feasibility and efficacy potential for home use of
the Heel 2Toe sensor that provides real-time feedback and (2) to estimate changes in gait parameters after five training sessions
using the sensor.

Methods: A pre-post study included 5 training sessions over 2 weeks in the community on a purposive sample of six seniors.
Proportion of good steps, angular velocity (AV) at each step, and cadence over a 2- minute period were assessed as was usability
and experience.

Results: All gait parameters, proportion of good steps, AV, and duration of walking bouts improved. The coefficient of variation
of AV decreased, indicating consistency of stepping.

Conclusions; Efficacy potential and feasibility of the Heel 2Toe sensor were demonstrated.

(JMIR Rehabil Assist Technol 2019;6(2):€13889) doi:10.2196/13889

KEYWORDS
angular velocity; auditory feedback; walking; older adults

many physical and cognitive health benefits from the mental
stimulation of exploring new avenues or neighborhoods [3].
Maintaining alevel of physical activity isalso critical to prevent
secondary health conditions including cardiovascular disease,
osteoporosis, obesity, and diabetes[4]. Despite capacity to walk
at a health-promoting pace when tested clinically, it israre for
the North American seniorsto do thisin thereal world for more
than a few minutes a day [5,6]. It is hard to sustain walking
without the capacity for an optimal stepping pattern indicating
that quality drives quantity.

Introduction

Background

Aging renders people vulnerable to gait deviations that impair
efficient walking and limitsthelikelihood of achieving walking
targets for health promotion. Physical activity guidelines for
seniorsrecommend atarget of 150 minutes of moderateintensity
exercise accumulated over 1 week in bouts of 10 minutes [1].
Walking is the most practical exercise as it requires no
equipment, or no specialized environment [2], and produces
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Reasons for failure to use walking capacity to achieve
health-promoting walking targets include fear of falling or
age-related gait abnormalities [6]. These are known to cascade
into a slow, unstable, shuffling pattern that increases the work
of walking, fatigue, and risk of fallsand hip fracture[7]. There
isaconsiderable evidence on how to improve seniors’ gait [8,9],
and evidence shows that gait training is effective in improving
gait pattern [10] but effects abate with cessation of training [11].
Hence, gait training alone will not translate into the sustained
behavioral change needed for physical activity guidelinesto be
met.

During gait training, therapists use many of verba and visua
cuesto emphasi ze stepping with heel first. Thissimple strategy
changes posture from stooped to upright, lengthens the stride,
stimulates pelvic and trunk rotation, and facilitates arm swing
[12]. However, once verbal cueing ceases, patients frequently
revert to an inefficient foot-flat gait.

For walking to become more normalized, people must relearn
the motor sequences of good walking and devel op the needed
adjuncts to efficient walking: flexibility, strength, power, core
stability, balance, and trunk rotation indicated by arm swing.
Therapy can work on the adjuncts, but motor learning requires
instruction, practice, and feedback. The 2013 review by Sigrist
et al [13] frames motor learning as a lasting change of motor
performance caused by training in which the parameters of a
motor program are developed, and there is a gradual reduction
of the variability in the newly developed motor program
stimulated by sensory feedback loops. The phenomenon
underlying motor learning is neural plasticity [14]. A 2014
review of this topic indicates that motor learning takes place
with active practice of a skill and that this activity-dependent
neural plasticity can be induced by both lengthy-extensive and
brief-intensive practice [14]. The literature supports the benefit
of augmented or extrinsic feedback for motor learning [14]. In
particular, sonification for correct movement sequences has
been shown to enhance motor learning in athletes [13,15].

It iswell established that knowledge of performanceisstrongly
associated with skill acquisition and motor learning compared
with knowledge of results [16,17]. Technology is poised to
provide this feedback. For walking, there are emerging
technologies that use footwear-based gait monitoring systems
[18]. None of the reviewed technologies provided rea-time
feedback, and all needed considerable data processing to produce
usable information on walking performance. Thereis evidence
that gait can be modified in response to real-time auditory
feedback, but currently, no technology provides this type of
feedback.

These principles guided the development of the Heel2Toe
sensor, a hiofeedback device that provides auditory feedback
for each good step, in which the hedl strikes first. The aim of
this project was to bridge this feedback gap that exists outside
clinical settings and equip seniors to practice correct gait at
convenience. The hardware and a gorithm underlying generation
of auditory feedback from the Heel2Toe sensor are described
elsewhere [19,20]. Briefly, Heel2Toe is a modification of an
off-the-shelf device from the Shimmer Motion Devel opment
Kit. The sensor is a combination of three-axis accelerometer, a
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three-axis gyroscope, and a microcontroller. The algorithm
detects the rate of angular velocity (AV) in sagittal plane at the
anklejoint and provides an auditory beep when the rate of foot
deceleration after heel strike crosses a threshold. Pilot work on
Heel2Toe has demonstrated that it is highly accurate to detect
good steps in clinical setting [19,20]. Starting the gait cycle
with astrong heel strike lengthensthe stride and changes posture
from stooped to upright [12,21], indi cating the val ue of focusing
on AV as atreatment target.

Objective

The aim of this study was to contribute evidence toward the
feasibility and efficacy potential for home use of theHeel2Toe
sensor that provides real-time feedback for good heel strike
when walking. Specifically, the objectives were (1) to identify
the extent of theimmediate responseto the feedback, carry over
when walking without feedback, and peak response to feedback
and (2) to identify pleasures and challenges in using the
feedback sensor.

Methods

Study Design

A pre-post study design, with five sessions of training over 2
weeks, was employed to estimate the efficacy potential and
identify feasibility issues of the Heel 2Toe sensor when deployed
for walking in the community.

Participants

A purposive sample of six people, four women and two men,
over the age of 70 years, wasidentified from geriatric services
at the Montreal General Hospital from September to October
2017. Participants were identified by a geriatrician or other
health care professionals and included if they reported no
limitation in walking without an aid and no cognitive
impairments. The participants were selected to have arange of
walking capacity from very limited to functional. Ethical
approval was obtained from the Ethics Review Board of McGill
University, Health Centre Research Institute.

M easures

Participants were assessed on physical performance tests and
self-report measures. Physical performance tests included gait
speed, 30-second chair stand, and 2-minute walk without and
with auditory feedback. The self-report questionnairesincluded
single item on perceived walking speed, lower extremity
function scale (LEFS), life space mobility scale, and
activity-specific balance confidence scale. LEFS scoring is
based on fit to the Rasch Model, and therefore, not all items
have to be administered to derive alegitimate total score [22].
Posttraining outcomes additionally included questions about
the system usability and a semistructured interview on
challenges and pleasures of using the Heel2Toe sensor. The
interview was conducted separately with each participant.

Intervention

The intervention involved a therapist visiting a participant’s
residenceto provide walking training with the Heel 2Toe sensor,
for five sessions over 2 weeks (Figure 1). Thetraining involved
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walking in the participant’s neighborhood with the sensor. Care
was taken that they walked on an obstacle-free path. The
duration of the training was determined by the participants
themselves based on interest and tolerance. On each training
day, participantswereinstructed to walk for at least 15 minutes
with the sensor at a comfortable pace and taking rests when

Figure 1. Flowchart of the study method and assessment time points.
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needed. The training was accompanied with home exercises
targeting flexibility and strength at ankle, knee, and hip joints
with a particular focus on core strength and trunk rotation. At
theend of thetraining, a semistructured interview was conducted
with all participants.

Post (—)

Pre (1 Post (+

") Post-training e U
without with feedback without with feedback
feedback feedback

Analysis

The gait signals recorded with the Heel2Toe sensor were
analyzed using MATLAB (MATLAB and Statistics Toolbox
Release 2017b, The MathWorks, Inc, Natick, Massachusetts).
The gait parameters extracted for each person over the entire
walking period were proportion of good steps (%), total walking
time (seconds), and average cadence (steps per minute). AV
(degrees per second) in sagittal plane at ankle joint during heel
strike was extracted for each step and averaged over thewalking
duration yielding mean, SD, and coefficient of variation (an
indicator of consistency of stepping).

Results

Table 1 shows the characteristics and level of physical activity
of the participants before the training. There were two men and
four women (age range: 73-87 years). Theresults are presented
as single subjects, as it is not meaningful to aggregate data
across six participants.

The score on 30-second chair rise test ranged from 0 to 12 for
the six participants. Of the six participants, four exceeded their
30-second chair rise normative value. The self-reported walking
speed ranged from normal to very slow walking. LEFS scaleis
aself-report questionnaire on difficultieswith activities of daily
living related to lower limb problems. The maximum score of
LEFSis32, with lower scoresindicating difficulty in activities.
The LEFS scores ranged from 11 (participant A) to 26
(participants D and F). Life space mobility scores ranged from
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48 (participant A) to 126 (participant E) out of atotal 140 days.
A score of 28 days indicates no movement outside of homein
the past 28 days, and a score of at least 56 indicates mobility
outside of house but within the yard, porch, or apartment
building.

Table 2 shows an immediate response (pre without and with
feedback) and carry over effects after fivetraining sessions (pre
to post) to auditory feedback on proportion of good steps, AV,
cadence, and coefficient of variation.

Posttraining gait was assessed within 1 week of the last training
session. Important gains are indicated by the values in italics
in Table 2. Participant A showed an immediate response to
feedback producing, at first exposure, 0 good steps without any
feedback and 56% good steps with feedback. This immediate
response did not impact cadence, but AV showed alarge effect
(—48°/sec to —102°/sec). However, the coefficient of variation
of AV wasvery large and remained so throughout. Posttraining,
participant A showed some carry-over effect, as posttraining
good steps without feedback changed from 0% to 29%.

Participant B produced almost twice the proportion of good
stepswith anincrease in AV and no loss in cadence. A total of
four of six participants showed only a small increase in the
proportion of good steps with feedback, but all already had a
high proportion (80%) of good steps without feedback.
Nevertheless, they showed an improvement in AV while
maintaining cadence. Overall, five of six participants showed
important gains on gait parameters. The one person who did
not was very good at study entry.
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Table 1. Characteristics and physical activity level of the participants at study entry.
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Characteristicg/activity level Identification
A (Man) B (Woman) C(Woman) D (Woman) E(Woman) F(Man)
Age (years) 80 73 87 83 85 86
Physical performance tests
Self-report walking speed?® Verysow  Strall Stroll Normal Verysow  Normal
30-second sit to stand (n) 0 12 7 9 10 12
Age norm (n)b 10 10 8 8 8 8
Self-report questionnaires
LEFS© (scored from O=extreme difficulty to 4=no difficulty)
Walking amile 1 2 0 4 0 3
Running on even ground 0 0 2 1 0 2
Squatting 2 2 1 3 4 3
Standing for 1 hour 2 1 0 4 2 3
Climbing 10 stairs 2 3 3 4 4 3
Heavy household activities 0 1 1 4 2 4
Getting in and out of bath 3 0 4 2 4 4
Light household activities 2 2 4 4 4 4
Total score (0-32) 12 11 15 26 20 26
Life space mobility (number of days out of the past 28 days)d
Other rooms besides the bedroom 28 28 28 28 28 28
Aresas outside home 6 28 28 28 28 15
Places in neighborhood 6 28 15 28 28 5
Places outside neighborhood within town 6 28 10 28 28 2
Places outside town 2 2 2 10 14 2
Total days (max 140 days) 48 114 83 122 126 52
Activity Specific Balance Confidence Scale (0% =no confidence to 100% =full confidence)
Walk around the house 90 60 80 100 95 100
Walk across a parking lot 90 50 100 100 100 100
Walk in a crowded mall 95 50 75 90 100 100

8Self-reported walking speed: unable to walk, very slow, stroll at an easy pace, normal speed, fairly brisk, fast.

BAs per Bennell et al [23].
YLEFS: Lower Extremity Function Scale (selected items).

dA score of 28 days indicates no movement outside of the home in the past 28 days; score of 56 indicates mobility outside of the house but within the
yard, porch, or apartment building; score of 84 indicates going to placesin neighborhood; score of 112 indicates going to places outside the neighborhood

but within town; and score of 140 indicates going to places outside the town.
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Table 2. Immediate response and carry-over effect after five training sessions with the Heel 2Toe sensor on gait parameters measured without feedback
(valuesin italicsindicate clinically important changes after five days of training based on a change of 210%).

Outcomes and assessment

Participants’ identification

Gait parameters and time points Feedback A B C D E F
Good steps (%) (closer to 100 is better)
Pre _a 0 43 80 84 92 93
Pre 4+b 56 82 83 97 92 99
Post - 29 80 89 97 95 99
Post + 66 90 92 94 93 100
Cadence (steps/min) (closer to 100 is better)
Pre - 70 95 97 110 113 96
Pre + 69 102 95 95 110 95
Post - 77 104 100 121 105 110
Post + 84 96 99 122 111 109
Heel strike angular velocity (°/second) (typical values are —300 to —500; the more negative, the better) [24]
Pre - -48 =97 -147 -145 -165 -163
Pre + -102 -128 -157 -186 -173 -213
Post - -80 -126 -163 =227 -176 -250
Post + -102 -147 -159 -208 -173 -263
Gait regularity (angular velocity coefficient of variation; <10%) [25]
Pre - 59 39 40 31 24 24
Pre + 41 33 39 17 23 14
Post - 52 33 24 20 17 11
Post + 50 21 21 24 22 10

3o feedback (auditory beep was absent).
bFeedback provided (auditory beep was present).

Figure 2 shows the duration (minutes) of intervention time over
5 training days. To illustrate, participant A, who was the most
disabled, walked with the sensor for 4.5, 3.7, 9.4, 7.4, and 5.6
minutes on days 1 through 5, respectively. However participant
D, who walked for about 12 minutes on day 1, had 2 daysin
which she walked for 30 min. All participants increased the
time spent walking with the sensor over theintervention period.
Out of the 30 intervention days, continuous walking bouts of
10 minutes or more were observed on 21 of the intervention
days.

Theinformation collected on system usability and on challenges
and pleasures of using the Heel2Toe sensor was helpful in
identifying areasfor improvement. Theresultsfrom the System
Usability Scale are givenin Table 3.

Only 8 of the origina 10 questions were applicable, as 1
guestion was not understood and 1 question referred to their
impression of how other peoplewould be ableto use the sensor.
Overal, 38 item responses were available: 25 favorable, 4
neutral, and 9 unfavorable. No one feature was consistently
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rated unusable, but oneissue raised concerned the intrusiveness
of the sound while walking in public. This issue can be easily
resolved by using earphones. The question on confidence was
inconsistently answered because the trainer was always present
during these training sessions.

The aim of semistructured interviews was to capture the
experiences of the participantswhilewalking with the Heel 2Toe
sensor in the community and recommendations for subsequent
sensor development and upgrading. All participants expressed
that the sensor was enjoyable, stimulating, beneficial, and easy
to use while training outside the home. The participants had a
few recommendations to make the sensor more user friendly.
First, clipping the sensor to the shoe was recommended over a
strap to accommodate older adults with back pain and limited
trunk mobility. The clip aso offers flexibility of use with any
shoe. Second, the sensor should be available to connect viaan
iPad that offers a larger display for an app. Third, the sensor
and app combination should be affordabl e and accompanied by
an exercise manual.

JMIR Rehabil Assist Technol 2019 | vol. 6 | iss. 2 |€13889 | p.18
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES

Mate et al

Figure 2. Time (minutes) spent walking with the sensor during each training day.
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Table 3. Item scores on the System Usability Scale.

Item (8/10 original questions)?

Response scores across participants

A B C D E F
Higher isbetter
Useit frequently 4 3 5 _b 5 4
Easy to use 4 1 1 — 5 5
Functionsintegrated 5 1 3 — 1 —
Confidencein using 5 1 — — 1 4
L ower isbetter
Too complex 1 1 1 — 1 1
Need assistance to use 1 1 1 — 1 1
Cumbersome or awkward 1 1 5 — 2 1
Need to learn alot before using 1 5 1 — 2 5

#Two questions were omitted because of understanding (too much inconsistency with sensor) and applying what other people might think (I would
imagine most people would learn to use this very quickly). Of the 18-item responses for the four questions where higher is better, 10 were at the two
highest agreement levels and 6 were at the lowest levels. Of the 20-item responses for four items where lower is better, 15 were at the best level and 3

were at the poorest level.
PNot available.

Discussion

Principal Findings

We found that the Heel 2Toe sensor was feasible to use in the
community setting with older adults and that they improved on
gait quality after the planned five training sessions, averaging
73 minutes (range: 43-114 minutes) in total. The proportion of
good stepsand AV improved without any detriment to cadence.
All six participants showed longer duration of time spent in
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walking from the initial training days. However, the most
dramatic effect was seen for duration of walking bouts which
frequently exceeded 10 minutes (Figure 2) such that most (five
of six; Table 2) participants would now be capable of meeting
the Canadian Physical Activity Guidelines of 150 minutes of
moderate to vigorous activity (required walking cadence 2100
steps per minute) per week in bouts of 10 min.

Posttraining, five of six participants showed a reduction in the
coefficient of variation of AV, a parameter indicating
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inconsistency of stepping pattern. Beforetraining, the coefficient
of variation ranged from 23% to 59%. Previous studies have
shown ahigher coefficient of variation in step width, and stance
and stride time among older adultsis associated with increased
occurrence of falls[26-28], with the suggestion that atreatment
target is to reduce the coefficient of variation with exercise
interventions. After 5 days of training, the range was 9% to
49%.

We purposely chose a sample of people diverse in physical
function. In all, two people were quite frail (A and B).
Participant A was severely limited in mobility (Table 1), yet he
improved on the proportion of good steps and degree and
consistency of AV (Table 2 and Figure 2). Participant B aso
improved on these parameters. The most functional walker,
participant D, showed no change as she was high on all
parameters but enjoyed the experience of the sensor and could
see how it would prevent deterioration. In a definitive trial,
these data can be used to optimally select people for
intervention.

How did the sensor achieve these outcomes? One hypothesis
isthat the auditory feedback acts as a positive reinforcement to
a rhythmic stepping pattern. With symmetrical walking, each
good step produces a beat that is repeated with periodicity. To
produce the rhythmic pattern (the beat), the participants
modified their stepping pattern to maintain the rhythm. In the
long run, auditory cues could enhance cortical motor excitability.
This has previously been studied with upper limb movements
and walking tasks that required persons synchronizing to an
external auditory cue [29]. The underlying basis of auditory
motor synchronization isthat brain poses anticipatory tendency
for arhythm, and this anticipation guides subsequent movements
[29].

The Heel 2Toe sensor provides direct positive auditory feedback,
which could be perceived as rewarding stimulating neural
plasticity and increasing the pleasure in walking, stimulating
behavior change. Ultimately, the am is to improve
health-promoting walking rather than just functional walking,
so that older people can derive pleasure and health benefit from
walking. The sensor is not designed to be worn all the time but
to be worn to practice optimal walking with the aim that this
would carry over into other walking activities. Asit is linked
to a smartphone and the sensor is very small (size of a
matchbox), it could be worn for longer periods of time.

Fear of falling and age- or illness-related changes co-occur in
most seniors and can induce an inefficient and dangerous gait
pattern [30,31]. To normalize walking, people must relearn
motor sequences of good walking and devel op needed adjuncts
to efficient walking: flexibility, strength, power, core stability,
balance, and arm swing. Therapy targets adjuncts but motor
learning requires instruction, practice, and feedback. Motor
learning isframed as alasting change of performance occurring
with training in which parameters of a motor program are
developed and consolidated. Early on, formation of the motor
program of the to-be-learned task can occur rapidly but demands
high levels of attention. Later, the motor program is refined,
improving error detection or correction mechanisms, reducing
movement variability. Finally, movements become highly
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automatized, skilled, and consistent, and the motor program is
now relatively permanent [32].

The phenomenon underlying motor learning is mostly because
of neural plasticity [33]. A review of this topic [33] indicates
that motor learning takes place with active practice of a skill
and that this activity-dependent neural plasticity can beinduced
by both lengthy-extensive and brief-intensive practice. The
literature supportsthe benefit of augmented feedback for motor
learning. In particular, sonification for correct movement
sequences has been shown to enhance motor learning in elite
athletes [34] but isless useful for novices who have no idea of
the correct movement. Walking is a natural way to get about
[35], and as older persons are not novices to walking but have
lost the expertise with age, their walking pattern should respond
to auditory feedback. This type of positive feedback has been
shown effective in the short term to improve gait pattern in
people poststroke[36] . It issuperior to auditory alarmssignaling
incorrect movements as feedback because good movement is
more motivating [34].

This solution to poor gait is unique in that there is positive
reinforcement, in real time, which stimulates motor learning of
correct gait. The Heel2Toe sensor providesinformation in real
time, in other words, knowledge of performance and not just
knowledge of after-the-fact results, which is provided by most
other technologiesin the field today. Thisisacompletely novel
and origina approach to gait enhancement. There have been
other approaches to monitor step counts, but these have not
attempted to improve gait quality. The review of the literature
conducted by our team did not find any study focusing on
feedback related to gait quality and ankle kinematics.

Finally, debriefing interviews suggested readiness of seniorsto
adopt technology aslong asit issimple and user friendly. This
project is timely and relevant to increasing the proportion of
older population and builds upon the potential of technology to
stimulate innovation, thereby advancing Canadian economic
and socia development. Anincreasing proportion of older adults
use smartphones[37,38], and thisproportionislikely toincrease
as technologically savvy cohorts age.

This sensor could be on the foot of every person who needs to
maintain or improve optimal gait. By formally practicing gait
improvement with positive auditory feedback, people could
develop the habit of walking better leading to walking more
often and for longer.

Through the use of the Heel2Toe device, every step becomes
therapeutic, engaging large muscle groups, which improves
peripheral and core muscle strength and through thisimproves
balance, alows the person to walk at a faster pace. Our data
also support changes to gait consistency (lower coefficient of
variation with training), making waking more rhythmical,
which, in the long run, is more sustainable [35].

The sensor isin development, and refinements to the algorithm
will be made, such as to provide different thresholds for the
feedback to occur (Ilow, medium, and high AV). Aninstructional
manual and video arein production to optimize the participants
capacity to use the Heel2Toe sensor. The plan is to develop a
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full-scale trial, now that there are some data that people can
change their gait with the device.

Limitations

Thiswasavery small study focusing on proof-of-concept only.
Onthebasis of theresultsthat short-term intensive training with
positive auditory feedback produced changesin gait quality, a
full pilot study iswarranted including the second motor learning
phase and longer-term practice to estimate sustainability.

Implications and Conclusions

The results of this study have future implications in exploring
the neural basis of auditory-motor synchronization during
walking, application of motor learning principles to enhance

Mate et al

walking performance, and technology design of wearable
sensors for older adults. Understanding the neural basis of
auditory motor synchronization will help design interventions
to use auditory feedback to improve walking symmetry. The
application of motor learning principles to enhance walking
performance based on movement-generated auditory feedback
and long-term effects on skill acquisition is an area yet to be
explored. Debriefing interviews conducted after theintervention
concluded that an optimal wearable device for seniors needsto
be simple and easy to use, provide real-time meaningful
feedback, have a software program that requires minimal
preprocessing (zero effort) before use, and have the option for
technical support or supervision from a rehabilitation
professional [39].
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Abstract

Background: Shoulder pain secondary to rotator cuff tendinopathy affects alarge proportion of patientsin orthopedic surgery
practices. Corticosteroid injections are a common intervention proposed for these patients. The clinical evaluation of aresponse
to corticosteroid injections is usually based only on the patient’s self-evaluation of his function, activity, and pain by multiple
guestionnaires with varying metrological qualities. Objective measures of upper extremity functions are lacking, but wearable
Sensors are emerging as potential tools to assess upper extremity function and activity.

Objective: This study aimed (1) to evaluate and compare test-retest reliability and sensitivity to change of known clinical
assessments of shoulder function to wrist-based accelerometer measures and visual analog scales (VAS) of shoulder activity
during daily living in patients with rotator cuff tendinopathy convergent validity and (2) to determine the acceptability and
compliance of using wrist-based wearable sensors.

Methods: A total of 38 patients affected by rotator cuff tendinopathy wore wrist accelerometers on the affected side for a total
of 5 weeks. Western Ontario Rotator Cuff (WORC) index; Short version of the Disability of the Arm, Shoulder, and Hand
guestionnaire (QuickDASH); and clinical examination (range of motion and strength) were performed the week before the
corticosteroid injections, the day of the corticosteroid injections, and 2 and 4 weeks after the corticosteroid injections. Daily
Single Assessment Numeric Evaluation (SANE) and VAS were filled by participants to record shoulder pain and activity.
Accelerometer data were processed to extract daily upper extremity activity in the form of active time; activity counts; and ratio
of low-intensity activities, medium-intensity activities, and high-intensity activities.

Results: Daily pain measured using VAS and SANE correlated well with the WORC and QuickDASH questionnaires
(r=0.564-0.815) but not with accelerometry measures, amplitude, and strength. Daily activity measured with VAS had good
correlation with activetime (r=0.484, P=.02). All questionnaires had excellent test-retest reliability at 1 week before corticosteroid
injections (intraclass correlation coefficient [ICC]=0.883-0.950). Acceptable reliability was observed with accelerometry
(ICC=0.621-0.724), apart from low-intensity activities (ICC=0.104). Sensitivity to change was excellent at 2 and 4 weeks for all
guestionnaires (standardized response mean=1.039-2.094) except for activity VAS (standardized response mean=0.50).
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Accelerometry measures had low sensitivity to change at 2 weeks, but excellent sensitivity at 4 weeks (standardized response

mean=0.803-1.032).

Conclusions: Daily pain VAS and SANE had good correlation with the validated questionnaires, excellent reliability at 1 week,
and excellent sensitivity to change at 2 and 4 weeks. Daily activity VAS and accelerometry-derived active time correlated well
together. Activity VAS had excellent reliability, but moderate sensitivity to change. Accelerometry measures had moderate

reliability and acceptable sensitivity to change at 4 weeks.

(JMIR Rehabil Assist Technol 2019;6(2):€14468) doi:10.2196/14468

KEYWORDS

shoulder; wearable sensors; activity count; validation; test-retest; sensitivity to change

Introduction

Shoulder painisafrequent problem in adults of all ages[1]. A
large proportion of shoulder pains is caused by rotator cuff
tendinopathy [2,3], a chronic degenerative disease affecting
rotator cuff tendons in the shoulder [4]. Patients with rotator
cuff tendinopathy generally experience pain when performing
activitiesof daily living [5]. Shoulder pain isoften accompanied
by stiffness and weakness that can degenerate into declining
shoulder function, diminished work capabilities, and overall
decreased quality of life[5,6]. Conservativetreatment for rotator
cuff tendinopathy usually starts with nonsteroidal
anti-inflammatory medications (NSAID) and physical therapy
to regain full range of motion and restore scapular control [7,8].
Corticosteroid injections (CSl) in the subacromial space are
also used in conjunction with NSAIDs and physical therapy to
further aleviate the pain symptoms by reducing the
inflammatory response, and facilitate mobilization of the
shoulder. Asalast resort, asurgical option such as bursectomy
or acromioplasty can be offered to patientswith persistent rotator
cuff tendinopathies [9]. Currently, evaluation of the response
to treatment is based on patient-reported outcomes using
subjective measures, such as questionnaires and pain scores[7],
which do not necessarily correlate with real-life function of the
shoulder and do not capture efforts made by the patients in
mobilizing their shoulder during daily activities.

Up to 40 different questionnaires have been proposed as
outcome measures for the follow-up of shoulder pathologies
[10]. The Disability of the Arm Shoulder and Hand (DASH),
itsshort version (QuickDASH), the Shoulder Pain and Disability
Index, the American Shoulder and Elbow Society score, and
the Constant-Murley scores have been well validated, but none
are consistently recommended in the literature [11]. Some
guestionnaires, such asthe Western Ontario Rotator Cuff Index
(WORC), have also been developed to assess patients with
rotator cuff tendinopathy specifically [12]. However, al these
activity and function questionnaires assess perceived capacity
and activity, which have different bias inherent to this type of
evaluation. Other simpler measures such as pain or activity
(measured with visual analog scales [VAS]) and the Single
Assessment Numeric Evaluation (SANE) have, however, rarely
been studied in the context of patients with rotator cuff
tendinopathy. Objective clinical examinations such as strength
and range of motion are rarely correlated with patients
subjective assessment of function and have usualy poor

http://rehab.jmir.org/2019/2/e14468/

sensitivity to changein the context of rotator cuff tendinopathy
[13-15].

Objective outcome measures based on wearable motion sensors
could prove useful intheclinical evaluation of rea-life shoulder
activity and mobilization of patients with rotator cuff
tendinopathy as well as an outcome to measure the effect of
different treatments on shoulder activity and function. Multiple
authors have used raw sensor data from inertial sensors
(accelerometers and gyroscope) or orientation datafrom Attitude
and Heading Reference Systems positioned on different
segments to capture shoulder activity. Numerous techniques
and a gorithms have been proposed, such asthe range of angular
velocities and linear accelerations measured during a set of
standardized tasks [16-18], detection of active time [19,20],
measurement of shoulder elevation anglesin clinic or daily life
[21-28], and movement classification algorithms[29,30]. Most
of these methods are not suitable for continuous monitoring
over long periods, as they require either many devices on the
same arm or one on each limb, or that the device be positioned
at the humerus, all of which affect long-term adherence of
wearing the devices by the participants. Consequently, the data
collection for all the methods presented above was limited to
short periods of 8 hours at most or to standardized evaluation
in the clinic, which is not avalid representation of the patient’s
real-life activities.

Activity counts (ACs), a manufacturer-specified unit obtained
from raw accelerometer output [31,32], could prove useful as
away to quantify upper extremity use during alonger follow-up
period. ACswereinitially used to quantify whole-body physical
activity using accelerometers worn at the waist or wrist [33],
but have been since adapted to assess upper extremity
impairments associated with different pathol ogies and to monitor
theimpact of rehabilitation. They can be obtained in three broad
ways: (1) counting how many timesthe raw accelerometer data
cross a predetermined threshold, (2) a rolling window method
where the count is determined asthe highest acceleration in that
window, or (3) calculating the area under the curve of the
acceleration signal for each window [31,32]. Acuna et a [34]
measured ACs derived from humerus-worn and wrist-worn
accelerometers and observed a good correlation between both
approaches. This could justify the wrist positioning as a valid
position to quantify shoulder activity, which can improve
participant acceptability of a continuous monitoring protocol
in their own environment [35]. Lawinger et a [36] used
wrist-based accelerometers to analyze different shoulder
rehabilitation exercises and activities of daily living involving
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the upper extremity inaclinical setting. They demonstrated that
ACswere sensitive enough to detect low-vel ocity exercisesand
that a good correlation could be found between the amount of
movement performed and the measured AC (r=0.93, P<.001).
To our knowledge, however, ACs have not been validated in
the setting of patients with rotator cuff tendinopathy and their
convergent validity, fidelity, and sensitivity to change are not
known in this population.

Hence, the aims of this study were (1) to evaluate and compare
convergent validity, test-retest reliability, and sensitivity to
change of known clinical assessments of shoulder function to
wrist-based accel erometer measures of shoulder activity during
daily living in patients with rotator cuff tendinopathy and (2)
to determine the acceptability and compliance of using
wrist-based wearable sensors, which is an outcome measure to
study the effects of CSI on rotator cuff tendinopathy.

Methods

Participants

Patients with unilateral or bilateral rotator cuff tendinopathy
who were candidates for receiving a CSl were recruited from
the orthopedic clinic of the Sherbrooke University Hospital
Centre (Centre Hospitdier Universitaire de Sherbrooke [CHUS]
- CIUSS del’ Estrie) and by referral from local physiotherapists
and general practitioners. Rotator cuff tendinopathy was
confirmed by a clinical diagnosis based on examination
(presence of a painful arc of movement and positive
impingement tests) and symptom duration of at least 9 months.
The patients were screened by a medical student, and the
diagnosis was confirmed by a fellowship-trained shoulder
surgeon. Participants were excluded if they presented any other
painful pathology of the shoulder (shoulder osteoarthritis,
capsulitis, cervical pain radiating to the shoulder, rheumatic
disease, etc), had ahistory of fracture or surgery on the affected
shoulder, or received a shoulder CSI in the last 3 months.
Significant rotator cuff tears were excluded by physical
examination and diagnostic imaging, if available. The Ethics
Review Board of the CIUSSS de I Estrie-CHUS approved the
protocol, and informed consent was obtained from each
participant prior to his’her inclusion in the study.

Study Design and Assessments

This is an embedded methodological study within a pilot
randomized controlled trial on the effect of CSI and the addition
of a sham or rea treatment of transcranial direct current
stimulation (tDCS) on shoulder function and activity in patients
with rotator cuff tendinopathy. tDCS is an experimental
treatment currently being investigated for chronic pain [37]. As
part of this main study, participants were randomized 2 weeks
after receiving a CSl to additionally receive tDCS treatment,
placebo tDCS, or no intervention. Participants were followed
up for a total of 5 weeks after CSI with assessments on
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patient-reported outcomes from questionnaires and clinical
examinations at 0-, 1-, 3- and 5-week endpoints.

For this study, the participants were asked to wear an
accelerometer logger called the WIMU-GPS (Wireless Inertial
Measurement Unit with GPS) on the wrist of the affected
shoulder for the whole duration of the study, from morning to
bedtime. Participants were asked to answer daily questionnaires
on shoulder pain levels and the relative usage of their upper
extremity in the form of two VAS. At the 1-week evaluation
endpoint, participants received a CSl in the affected shoulder.
The CSI (1 ml of 40 mg/mL methylprednisolone and 4 mL of
1% [10 mg/mL] xylocaine injected using a 25-bore 1.5-inch
needle) was performed in the subacromial space using the
posterior approach by the same fellowship-trained orthopedic
surgeon for al participants. Finally, at the 5-week evaluation
endpoint, participants completed a short questionnaire about
satisfaction and adherence to wearing the WIMU-GPS.

Outcome Variables and M easures

Upper Limb Activity Measured Using Wrist-Based
Accelerometry

Upper limb activity was measured using 3D accelerometers
embedded in a wearable activity monitoring system worn on
the wrist. The WIMU-GPS [38] (Figure 1) is an
activity-monitoring system developed at the Research Centre
on Aging of the CIUSS de I' Estrie — CHUS to be used as a
multisensor data-logging device with a small form factor to
capture mobility and activity of individuals in their home
environment over long-term recording periods. The third
generation of the device currently consists of a triaxial
accelerometer  (2/4/8/16 @), a triaxial gyroscope
(250/500/1000/2000 degrees/s), a triaxia magnetometer (0.8
Gato 8.1 Ga), all sampled at 50 Hz, and a GPS (SiRFstarlV,
48 Channels) sasmpled at 1Hz. The data stream is then stored
on an 8 GB microSD memory card. By using a400 mAh Li-ion
battery, the WIMU-GPS is able to record data continuously
over a period of 10-14 hours on a full charge. The activated
device was provided to participants at the beginning of the
project. They wereinstructed to wear it on thewrist onthe same
side of their affected shoulder for all waking hoursand to charge
it at night. They wereinstructed to takeit off during water-based
activities. No instructions were given on how to turn on or off
the device, as recordings are automatically paused when the
battery is low or charging and are set to restart once it is
disconnected from the power supply. At each endpoint, data
were downloaded from the microSD chip onto a portable
computer and the WIMU-GPS was reset. Data from each visit
day were deleted, as these days would have been incomplete
and the data would have possibly been invalidated by
observation bias and patients disturbing their usua routine to
attend the appointments.
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Figure 1. Overview of the WIMU-GPS (WIMU-GPS [Wireless Inertial Measurement Unit with GPS]) platform: (A) device worn on the wrist, and
(B) printed circuit board and components. PVM: Pulse Variable Modulator buzzer chip; BT: Bluetooth chip; uSD: Micro-USD chip.

For thisstudy, raw datafrom the three accel erometerswerefirst
low-pass filtered (Butterworth, 1 Hz, 2nd order) to remove
sensor noise, full-wave rectified and high-pass filtered
(Butterworth, 5 Hz, 2nd Order) to remove the gravitational
acceleration vector, and combined into a unique vector using
squareroot sums[39]. Periods of “activetime” in the recordings
were identified in areas of the vector where 50% of the data
values over a 10-second window were over a fixed threshold
(0.015 g) [40]. ACs were then computed using the integration
method (Figure 2). Four variables are derived from this AC:
active time, reported as a ratio with total recorded time; mean
AC per minute of active time, the proportion of low-intensity
(LIA) and medium-intensity (MIA), and high-intensity activities
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(HIA). Activities with an AC below the 33rd percentile of all
activities recorded during the project were classified as LIA,
whilethe 33rd-66th percentileswere defined asMIA, ACsabove
the 66th percentile were defined as HIA. The two thresholds
separating these three activity levels are an AC of 90.0 and
180.0 (for LIA-MIA and MIA-HIA, respectively). To obtain a
better representation of the participants’ upper extremity daily
usage and to allow easier comparison with other outcome
measures, data are reported as a mean for each week of
follow-up (preinjection week and second and fourth week
postinjection). Weeks with less than 3 days of valid data were
eliminated from the analysis.
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Figure 2. Processing of accelerometer datainto active time, activity count, low-intensity activity, medium-intensity activity, and high-intensity activity.
(A) Combined acceleration vector. (B, C) Periods of active time are identified in areas where 50% of the data values over 10 seconds rolling windows
are over a fixed threshold of 0.015 g. (D) Acceleration vector in active periods is integrated to produce activity count. A distribution of the activity
count of all activities detected in the sample was created and with activities count below the 33rd percentile (activity count 90.0) was classified as
low-intensity activity; activities between the 33rd and 66th percentile, as medium-intensity activity; and activities above the 66th percentile (activity

count 180.0), as high-intensity activity.
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Daily Activity and Pain Measured Using Visual Analog
Scale and Single Assessment Numeric Evaluation

Participants were also given daily questionnaires to complete
at home every day for the duration of the study. The short
guestionnaire included a 100-mm VAS evauating their
perceived level of pain in the last 24 hours (VAS,,), and
another 100-mm VASfor the perceived level of upper extremity
usein the last 24 hours (VASiry)- The SANE isanew short
guestionnaire that simply asks, “How would you rate your
shoulder today asapercentage of normal (from 0 to 100% being
normal)?’ [41]. It has not been previoudly validated for patients
with rotator cuff tendinopathy, but shows good convergent
validity with Rowe and American Shoulder and Elbow Society
scores (r=0.72 and 0.66, respectively) in a young population
with shoulder instability [41]. Scoresfor the daily questionnaires
are reported for three items as an arithmetic mean for each
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follow-up week as per the accel erometry measures (Multimedia
Appendix 1).

Perceived Shoulder Function and Quality of Life

The WORC and the QuickDASH aretwo health-related quality
of life questionnaires, which were completed by participants at
each of the four visits. Both questionnaires have been validated
for follow-up of rotator cuff tendinopathy and upper extremity
pathologies and show excellent test-retest reliability and
sensitivity to change [12,42-46]. The scores are reported on a
scale of 0to 100. On the WORC, a higher score indicates better
quality of life, whileit is the opposite for the QuickDASH.

Physical Measures

Shoulder strength and amplitude were measured at each visit
by either one of two standardized evaluators. a medical student
or physical therapist. A hand-held dynamometer was used to
measure shoulder strength in movements preferentially involving
the three major rotator cuff muscles: scapular plane elevation
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with thumb pointed down (Jobe maneuver) for supraspinatus
muscle, externa rotation at the side for infraspinatus, and
internal rotation at the side for subscapularis [13]. An
inclinometer was used to measure active shoulder range of
motion amplitudein al planesof shoulder movement: abduction,
flexion, scapular plane elevation, external rotation with shoulder
at 90° of abduction, external rotation with arm at the side, and
internal rotation with shoulder at 90° of abduction [47]. Internal
rotation was also evaluated using the maximal vertebral level
reached by the thumb with the hand at the back [47].

Global Rating of Change

The Global Rating of Change Scale (GRCS) isa 15-point scale
that asks participantsto rate their global perceived improvement
ranging from “a very great deal worse” (—7) to “a very great
deal better” (+7). Change from +4 (“moderately better”) to +7
is considered moderate to important change [48]. The GRCS
was handed to participants at the 3- and 5-week endpoaints.

Compliance, Reliability of Data, and Acceptability of
Wrist-Worn Accelerometry

A short questionnaire at the end of the study asked participants
to estimate the number of times they forgot to wear or charge
the WIMU-GPS. Discomfort and disturbance secondary to
wearing the device was measured using the 100-mm VAS, and
free space was given for any additional comment (Multimedia
Appendix 2). Log datafrom the WIMU-GPS were also used to
determine how many days the accel erometer was not charged
or malfunctioning. Compliance and reliability are reported as
the percentage of missing days over the tota number of
participant-days of the study.

Statistical Analyses

All statistical analyses were performed using SPSS statistics
(v24.0 for Windows, IBM Corporation, Armonk, New York).
An a value of 0.05 was used as the threshold for statistical
significance. Normal distribution of variables was tested using
a Shapiro-Wilk test. Currently, there is no gold standard to
measure shoulder function in the setting of rotator cuff
tendinopathy or shoulder pathologies [10]. Therefore,
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convergent validity was assessed by correlating accelerometry
variables from the first week with scores from questionnaires
and physical tests at the first evaluation (before the CSl).
Normally distributed variables were correl ated using a Pearson
test, and Spearman correlations were used in the other case.
Test-retest reliability of questionnaires and accel erometry and
intrajudgereliability of clinical measureswere computed using
an intraclass correlation coefficient (1CC) between assessment
done aweek prior to theinjection and the one doneimmediately
before the injection. For daily measures, the mean of the three
days following the first assessment was correlated to the mean
of the 3 next days. To determine sensitivity to change of the
instrument, we used a method to discriminate between
participants with meaningful improvement and those who
showed unchanged results [49]. Hence, participants were
dichotomized into two groups using the GRCS at the 3- and
5-week evaluations as either perceiving amoderate to important
change (improved group, GRCS=4) or perceiving amild change
or less (stable group, GRCS>—4 and <4). This limit was used
by Mintken et al [45] to determine clinically important change
for shoulder questionnaires [45]. Standardized response means
(SRM) [50] were calculated for both groups to compare
sensitivity to change for each outcome variable. An SRM<0.2
isconsidered aminimal effect, while one between 0.2 and 0.49
is small, between 0.5 and 0.79 is moderate, and >0.8 is large
[50]. Sensitive and specific instrumentsfor change should show
good SRM for the improved group and an SRM approaching
zero for the stable group [51].

Results

Patients’ Characteristics

Thirty-eight participants aged 25-65 years (mean 48.8 years,
SD 10.4 years) were included in the study. Sociodemographics
and baseline scores on patient-reported outcome of shoulder
function, pain, and clinical exam results before CSI are shown
in Table 1. All participants received the CS| and attended the
preinjection, intervention, and 4-week follow-up visits. One
participant was unable to be present at the 2-week visit and was
instead asked to send in completed questionnaires by mail.
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Table 1. Participant characteristics and scores at the first visit.
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Parameter Value
Number of participants 38
Sex, n (%)
Female 18 (47.4)
Male 20 (52.6)
Age (years), mean (SD) 48.8 (10.4)
Body mass index (kg/mz), mean (SD) 27.9(5.0)
Smokers, n (%) 5(13.2)
Dominant hand, n (%)
Right 32(84.3)
Left 6 (15.7)
Affected shoulder, n (%)
Dominant 20 (52.6)
Nondominant 18 (47.4)
Time since onset of symptoms (months), mean (SD) 71.4(79.3)
Questionnaire scores (out of 100), mean (SD)
WORC? 46.88 (18.86)
QuickDASH 42.85 (18.07)
Pain VASP¢ 54.94 (18.76)
Activity VAS® 58.24 (20.82)
sANEd 53.42 (17.92)
Strength (kg), mean (SD)
Jobe 8.11 (3.45)
External rotation 9.27 (3.69)
Internd rotation 13.60 (5.34)
Range of motion (°), mean (SD)
Abduction 161.86 (22.30)
Flexion 159.49 (18.78)
Scaption 163.75 (17.17)
Internal rotation 90° 73.68 (14.22)
Spinal level 8.68 (3.40)
External rotation 90° 76.68 (14.22)
External rotation 0° 61.57 (17.15)

ANVORC: Western Ontario Rotator Cuff.
bVAS: Visua Andl og Scale.
CArithmetic mean for the first week.

dSANE: Si ngle Assessment Numeric Evaluation — arithmetic mean for the first week.

Convergent Validity

Although all questionnairesand clinical examswere completed
at thefirst visit, only 24/38 accelerometers had valid datain the
first week. The Shapiro-Wilk test confirmed normal distribution
of all the data, and a Pearson test was used to calculate
convergent validity between the different variables (Table 2).

http://rehab.jmir.org/2019/2/e14468/

As expected, WORC and QuickDASH were well correlated
(r=0.821, P<.001, datanot shown in table). Both questionnaires
had a moderate-to-strong correlation with the pain VAS
(r=—0.815 and 0.637, respectively) and SANE (r=0.613 and
—0.564, respectively), but showed no significant correlation
withtheactivity VAS. None of thefour accelerometry variables
(AT, AC,LIA, MIA, or HIA) showed any significant correlation
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with the WORC, QuickDASH, pain VAS, SANE, or clinica
measures. However, there was a moderate correl ation between
theactivity VASand AT (r=0.484, P=.02). Thiscorrelation was

Table 2. Convergent validity.
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significative at P<.05, but this statistical significance was lost
following Bonferroni correction for multiple comparisons.
Generally, accel eration measures correl ate well with each other.

Pain VAS?P  Activity SANEPC  Activetime? Activity LIAPd MIAPe HIAPA
VASP count ©
WORCS (n=38) _081s" -0.062 0.613" 0.327 0.353 -0.235 -0.199 0.229
P value <.001 71 <.001 12 .09 27 35 28
QuickDASH! (n=38) 0.637" 0.177 _0564" 0.024 -0.170 -0.033 -0.023 0.015
P value <.001 30 <.001 92 45 88 92 95
Jobe strength (kg) (n=38) —0.303 -0.173 0.271 0.155 0.065 0.062 0.272 -0.237
P value .06 30 10 A7 76 77 20 26
Abduction rangeof motion —0.175 0.326 0.210 0.386 0.317 -0.251 -0.262 0.275
(°) (n=38)

P value 29 .05 21 .06 13 24 22 19
Pain VAS (n=38) _k 0.326 _0583" -0.128 -0.327 0.170 0.033 -0.071
P vaue .05 <.001 .55 12 43 .88 74
Activity VAS (n=38) — — -0.110 0.484 0.195 -0.369 —0.341 0.364
P value 51 02 36 .08 10 .08
SANE (n=38) — — — -0.013 -0.020 0.072 0.302 -0.262
P value 95 93 74 15 22
Active time® (n=24) — — - — 0.469 -0.761" -0.439 0.529"
P value 02 <.001 .03 .01
Activity count® (n=24) ~ — — - — - -0.621" —0.674" 0.699"

P vaue <.001 <.001 <.001
LIAP (n=24) — — — — - — 0.676" —0.772"
P vaue <.001 <.001
MIAP (n=24) — — — — — — — -0.990"
P vaue <.001

/AS: Visual Analog Scale.

bThese values are presented as the arithmetic mean for the first week.
®SANE: Single Assessment Numeric Evaluation.

dLIA: low-intensity activity.

EMIA: medium-intensity activity.

"HIA: high-intensity activity.

9WORC: Western Ontario Rotator Cuff.

hsi gnificant correlations with Bonferroni correction at P<.008

iQuickDASH: short version of the Disability of the Arm, Shoulder, and Hand questionnaire.

J'Significant correlations at P<.05.
KNot applicable.

Test-Retest and I ntrajudge Validity

One-week test-retest and intrajudge reliability for all of the
outcomes measured are presented in Table 3. All participants
were present for the second visit (intervention visit) and
completed the questionnaires; however, 11 did not receive
standardized range of motions and strength testing on that date.

http://rehab.jmir.org/2019/2/e14468/

RenderX

| CCs were used to derive the fidelity of all outcome measures,
except for internal rotation measured from the spinal level (not
a continuous variable), for which we used a weighted Kappa
coefficient. There was enough data in 24 WIMU-GPS to
proceed. All questionnaires had excellent reliability
(1CC=0.883-0.950), and clinical measures had good to excellent
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reliability (ICC=0.601-0.960). Accelerometry measures such
as AT (1CC=0.724), AC (ICC=0.621), MIA (1CC=0.674), and
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HIA (ICC=0.661) had good reliability. However, MIA
(1CC=0.104) showed very weak reliability in comparison.

Table 3. Test-retest reliability. Values provided are intraclass correlation coefficient unless indicated otherwise.

Questionnaires (n=38) Reliability
WORC? 0.902
QuickDASHP 0.883
Pain VAS® 0.924
Activity VAS 0.908
SANE? 0.950
Strength (n=27)
Jobe (kg) 0.770
External rotation (kg) 0.960
Internal rotation (kg) 0.952
Range of motion (n=27)
Abduction (°) 0.812
Flexion (°) 0.932
Scaption (°) 0.886
Internal rotation 90° (°) 0.786
External rotation (spinal level) 0.93°
External rotation 90° (°) 0.601
External rotation 0° (°) 0.845
Acceleration data (n=24)
Activetime 0.724
Activity count 0.621
LIAT 0.104
MIAY 0.674
HIA 0.661

ANVORC: Western Ontario Rotator Cuff.

bQuickDASH: short version of the Disability of the Arm, Shoulder, and Hand questionnaire.

SVAS: Visual Analog Scale.

dSANE: Si ngle Assessment Numeric Evaluation.
SWeighted K appa coefficient.

LIA: low-intensity activity.

IMIA: medium-intensity activity.

PHIA: high-intensity activity.

Sensitivity to Change

Global Rating of Change Scale

GRCS was completed by all participants at the 2- and 4-week
evaluations. At 2 weeks, 31 patients (81.6%) felt improvements,
six (15.8%) felt no change, and only one (2.6%) deteriorated
following the injection. In addition, 25 of the 31 improved
subjects (73.7%) classified their improvement as large on the
GRCS scale (from “A good deal better” to “A very great deal
better”). At 4 weeks, the number of participants who still
described an improvement dropped to 26 (68.4%), while 11 did

http://rehab.jmir.org/2019/2/e14468/

not fedl better than the preinjection phase (28.9%). Only one
participant (2.6%) felt worse at the 4-week evaluation (the same
participant at the 2-week evaluation).

Sensitivity to Change at 2 Weeks and 4 Weeks

Sensitivity to change at 2 weeks and 4 weeks for al the
outcomes measured are presented in Table 4. All patientsfilled
the questionnaires at 2 weeks, but one could not attend the
physical examination. Seventeen accelerometers contained
enough data at the preinjection week and at the second week
postinjection to alow for analysis. Of the participants who
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described a large improvement on the GRCS, the WORC,
QuickDASH, pain VAS, and SANE all showed a very strong
effect (SRM=1.384-1.508). A moderate effect was also seen
for activity VAS (SRM=0.568) and clinical measures. In
contrast, only a small effect was seen with al accelerometry
measures (SRM=0.017-0.246). Patients who described small
or absent improvement generally showed a small effect on
guestionnaires (SRM=0.108-0.621) and clinical measures
(SRM=0.010-0.419) with the exception of alarge effect at the
Jobe strength testing (SRM=1.067). Activity measures had a
variable range of specificity to change.

Questionnaires and clinical examinations were completed for
all patients at 4 weeks. Enough valid data were availablein 13

Table 4. Sensitivity to change at 2 and 4 weeks.
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accelerometers. AC, LIA, MIA, and HIA showed alarge SRM
(0.802-1.032) for participantswho felt asignificant improvement
on the GRCS. However, AT only had a wesk effect
(SRM=0.064). For patients with a dslight to nonexistent
improvement onthe GRCS, all accelerometer variables showed
aweak effect (SRM=0.010-0.176). In a similar fashion to the
2-week data, WORC, QuickDASH, and SANE gquestionnaires,
all showed a strong effect (SRM=1.039-2.094) on improved
patients and a small to moderate effect on others. The activity
VAS showed a moderate effect (SRM=0.507) on improved
participants and a very small effect on participants without
improvement. Clinical measures had very variable sensitivity
and specificity to change at 4 weeks.

Outcome measure Standardized response means from 0 to 2 weeks Standardized response means from 0 to 4 weeks
Largeimprovement (n=25) Slight or no improvement  Largeimprovement (n=20)  Slight or no improvement
(n=13) (n=18)
WORC2 1412 0.108 1.039 0.544
QuickDA sHP 1.384 0.138 1.245 0.056
Pain VASSd 1.508 0.610 2.094 0.788
Activity VAS? 0.568 0.228 0.507 0.012
SANESe 1.395 0.621 1.712 1214
Strength (kg)
Jobe 0.101 1.067 0.057 0.553
External rotation 0.473 0.228 0.866 0.474
Internal rotation 0.594 0.168 0.674 0.357
Range of motion (°)
Abduction 0.230 0.010 0.349 0.191
Flexion 0.456 0.087 0.510 0.048
Scaption 0.119 0.172 0.093 0.419
Internal rotation 90° 0.420 0.081 0.740 0.136
External rotation 90°  0.240 0.419 0.016 0.010
External rotation 0° 0.251 0.097 0.040 0.008
Accelerometr yd
Activetime 0.082 0.103 0.064 0.176
Activity count 0.246 1.050 0.888 0.010
LIA 0.068 0.091 0.885 0.087
MIA 0.026 0.733 0.802 0.012
HIA 0.017 0.767 1.032 0.019

ANORC: Western Ontario Rotator Cuff.

bQuickDASH: short version of the Disability of the Arm, Shoulder, and Hand questionnaire.

SVAS: Visual Analog Scale.

dcalculated from the arithmetic mean of the pre-injection week, second week post, and fourth week post.

eSANE: Single Assessment Numeric Evaluation.
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Patient Compliance and Data L 0ss

Recording days had a mean of 9 hours 59 minutes (SD 2 hours
44 minutes) of dataon the accelerometers. Participants reported
having forgotten to wear the device for a total of 6.2% of the
recording days and forgotten to charge it 2.0% of these days.
In comparison, WIMU-GPS data log show that participants
forgot to charge or wear the device on 7.4% of the recording
days. A software malfunction unfortunately caused a data loss
for 31.2% of the recording days, increasing the total loss of
recording days to 38.6%. As such, 57.0% of the follow-up
weeks' accelerometry data were valid as per our predefined
criteria. At the end of the study, participants reported minimal
discomfort while wearing the device (mean 20.58 mm on a
100-mmVAS, SD 19.16 mm) and minimal inconvenience (mean
21.69 mmon al100-mm VAS, SD 20.41 mm). Four participants
voiced that the device tended to catch with their clothes, and
three participantswould have preferred it to be smaller and more
discreet.

Discussion

The primary objective of this study was to validate wrist-based
accelerometer measures and VAS of shoulder activity during
daily living in comparison to other known measuresfor patients
with rotator cuff tendinopathy. Daily pain VAS and SANE
showed good convergent validity compared to previously
validated questionnaires, while activity VAS and accel erometer
data did not. However, activity VAS and AT correlated well
together prior to correction for multiple comparison. Reliability
was excellent for pain and activity VAS and SANE, but
moderate for accelerometry measures. Sensitivity to change
was excellent for pain VAS and SANE at 2 and 4 weeks and
moderate for activity VAS and accelerometry measures at 4
weeks only. Evaluating the acceptability and compliance to
wrist-based sensors was a secondary objective, and the
accelerometers were shown to be easily accepted by patients
who reported high adherence to wear.

The convergent validity of already validated questionnaires
(WORC, QuickDASH, pain VAS, and SANE) was excellent
and alike what has been already reported [12,14,52,53]. There
was no significant correl ation between questionnaires and range
of motion, but there was a significant correlation between
WORC and external and internal rotation strength and between
SANE and strength in the Jobe test. Since the pathology mostly
affects the tendon [4], but not the other structures in the
shoulder, it would be logical that strength had some correlation
with reported function, while range of motion did not. Although
activity VAS was correlated with AT, reported and recorded
shoulder activity did not correlate with any questionnaire or
clinical measures. Thisisin contrast with correlations shown
between accel erometry measures and DASH, Simple Shoulder
Test, and pain VAS obtained by Jolles et a [18] and Korver et
al [54]. These were obtained using multiple accelerometersand
a standardized protocol of movements in a clinical setting,
differing significantly from our protocol of unrestricted home
usage. In both studies, patients were affected by a mix of
pathologies (rotator cuff tendinopathy, shoulder osteoarthritis,
etc), and a control group was used. Upper extremity activity

http://rehab.jmir.org/2019/2/€14468/
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might also represent amuch different construct than that tested
in questionnaires such as the WORC and DASH, and pain and
subjective function are not necessarily linked with activity and
use of the upper extremity. The correlation between AT and
activity VAS suggests that accel erometry can still be used as a
proxy for upper extremity activity. This correlation has not been
described in the literature earlier. The significance of this
correlation is, however, lost after correction for multiple
comparisons. There are issues with correcting for multiple
comparisons, with some statisticians recommending against
this practice [55,56].

The excellent test-retest validity of WORC and QuickDASH
has already been reported [12,42-45,52,57,58]. Our study adds
new data on the excellent reliability of the SANE, pain VAS,
and activity VAS in the context of shoulder pathologies.
Similarly, the good intrajudge  reliability  of
dynamometer-obtained shoulder strength and
inclinometer-measured range of motion is confirmed in our
study and resembles what has already been reported [13,59].
AT, AC, MIA, and HIA showed strong test-retest validity, which
has not been reported in the literature in the context of shoulder
pathol ogy followed in an unrestricted home environment. Bruder
et a [60] followed 15 distal radius fractures using wrist
accelerometry and standardized tasks. Compared to our study,
they obtained superior reliability for certain tasks such as
classifying objects (ICC=0.83) and operating alever (ICC=0.91),
but similar or worse reliability for floor (ICC=0.69) and table
cleaning (ICC=0.77) tasks and use of a keyboard (ICC=0.15).
We hypothesize that the low reliability of LIA could be
secondary to interference from other undesired movements
detected by the accelerometers, but this remains to be tested.

As previously reported, WORC, QuickDASH, and pain VAS
had excellent sensitivity to change and improvement in rotator
cuff tendinopathy symptoms, both at 2 and 4 weeks after the
intervention [46,52,53,61-66]. The SANE al so showed excellent
sensitivity to change, but only acceptabl e specificity to change.
The activity VAS had moderate sensitivity to change at 2 and
4 weeks, and its low SRM on patients with low GRCS score
indicated good specificity to change. Sensitivity to change of
both SANE and activity VAS had not been previously reported
in patients with shoulder pain or rotator cuff tendinopathy. As
expected, sensitivity to change of clinical measures was low
[15]. Sensitivity to change of all accelerometry measures was
mediocre at 2 weeks, but acceptable at 4 weeks for AC, LIA,
MIA, and HIA. This could be explained by adelay between the
improvement in pain seen in questionnaires and patients
increasing their use of the upper extremity. Thisdelay could be
secondary to previously acquired shoulder protective reflexes,
slow improvement of a chronic condition, or no significant
changein the patients’ daily routine following the intervention.
Knowing this, wearing the accelometry devicefor longer period
of time, for example, 6-8 weeks, might have shown better
sensitivity, as patients may have increased their function over
time. Sensitivity to change of wrist accelerometry in shoulder
pathology has not been previoudly studied.

With a compliance of above 90%, participants seem to have
had no issues in integrating the device in their daily routine.
Thisadherenceratio is similar or superior than that reported in
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previous studies on the use of wrist accel erometers [35]. Very
few complaints were voiced over the device and subjective
acceptability seemed high. However, it isimpossibleto estimate
how many potential participants declined the project because
of the device. In a study on physical activity, 8.3% of
participants refused to wear awrist accelerometer for aduration
of 9 days[67].

Data loss was larger than expected. Comparisons with other
commercially available accelerometers show that these usually
report between 3.3% and 10.8% of data loss [68-70]. Despite
this setback, we were able to obtain enough data to calculate
convergent validity, test-retest validity, and sensitivity to change
of the wrist accelerometer. However, we recognize that thisis
an important limitation of the article, leading to possibly
important bias in the data obtained, especially at the 4 weeks
follow-up, where only 13 participants had enough combined
data preinjection to allow analysis. The software malfunction
has since been corrected for future studies, now yielding less
than 1% data loss. Other improvements to the device could
include better power management to increase recording time,
miniaturize the device, and make it water resistant in order to
increase comfort and adherence to accelerometer use in all
activities. Low battery life of the device might have led to a
biaswhere possibly important activity dataat the end of the day
was lost. Usability issues encountered in this embedded study
with the activity and monitoring platform used have since been
addressed by using smartwatches with motion sensors asa data
logging platform for the proposed measurement approach.
Possible uses of such a system could be the development of an

Acknowledgments

Larrivéeet d

app that alows clinicians and surgeons to follow the
rehabilitation and progress of their patients in real-time,
potentially allowing for lessfrequent clinical visits. The patient
could also track his own progress to determine if more home
physical therapy work is needed to remain in the correct
recovery pathway. This could lead to decreasing health care
cost for the patient, while allowing the clinician to free up more
clinical time to see additional patients and decrease wait lists.

This study has multiple strengths. First, it is the first to report
and compare metrological qualities of accel erometersin patients
with shoulder pain or rotator cuff tendinopathy. Second, our
strict inclusion criteria ensured internal validity of the study.
Third, although we report similar data as those reported for the
WORC and QuickDASH, we added significant information on
pain and activity VAS, SANE, shoulder strength, range of
motion, and accelerometry in the context of rotator cuff
tendinopathy following aCSl. However, since weincluded only
one pathology, the external validity of the study is diminished.
The physical examination was performed by two different
examiners, which might be a source of bias in this validation
study.

Conclusions

Daily pain VAS and SANE showed good correlation with
validated questionnaires, excellent reliability at 1 week, and
excellent sensitivity to change at 2 and 4 weeks. Daily activity
VAS- and accelerometry-derived AT were well correlated.
Activity VAS showed excellent reliability, but moderate
sensitivity to change. Accelerometry measures have moderate
reliability and moderate sensitivity to change at 4 weeks.
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Multimedia Appendix 1

Daily questionnaire provided to participants, including a pain Visua Analog Scale, an activity Visua Analog Scale, and the
Single Assessment Numeric Evaluation.
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Multimedia Appendix 2
Accelerometer satisfaction questionnaire provided to participants.
[PDF File (Adobe PDF File), 120 KB - rehab_v6i2e14468 app2.pdf ]
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Abstract

Background: Acquiring information about and living with an amputation (or limb differential) is alifelong endeavor. Although
medical institutions address the immediate medical needs of amputees, information regarding how to live life as an amputee is
provided from numerous sources, one of which is amputee support groups.

Objective: This study aimed at understanding why amputees join support groups, leave support groups, and possibly return to
support groups as well as how technology, specifically virtual reality, might play arolein supporting patients' heeds. The results
are intended to provide data for support groups, to increase their impact on amputee participants.

Methods: A 38-item online survey was developed based on the findings of a previous randomized trial. The survey was
administered between April and September 2018 and divided into four sections. Demographics, Limb Loss History, Amputee
Support Group Participation, and Technology Usage. Items used multiple-choice, drop-down menu, check-box formats with
explanation boxes for open-ended responses. Descriptive analyses were performed for both qualitative (open-ended questions)
and quantitative data.

Results: Of the 59 amputees enrolled, 54 completed the survey. All the respondents were aged 20-39 years, and nearly half of
the ol der respondents thought audio and video tel econferencing or avatar-based technol ogy would increase participation in support
groups. The results suggest that an early goal for amputees who join support groups is to focus on regaining mobility and
functionality in order to return to their normal life. Once achieved, the goal transitions to one of social connection with other
amputees, although there isa caveat: Simply being an amputee may not provide sufficient connections for developing long-term
social relationships. The strongest reason for joining a support group was to learn about living with an amputation, followed by
networking and learning new skills.

Conclusions: The results suggest four key takeaways regarding amputee participation in support groups. (1) the needs of
participants in amputee support groups change over time; (2) meeting content needs to be relevant to agendas primarily driven
by participants; (3) support group participation is also driven by the desire to increase functionality by devel oping skills, become
familiar with prosthetic technology, have more than amputation in common with other participants, and participate at the designated
meeting time and location; and (4) the use of technology should support patients' needs.

(JMIR Rehabil Assist Technol 2019;6(2): 14887) doi:10.2196/14887
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Introduction

Acquiring current and evolving prosthetic and health-related
information is an ongoing process throughout the lifespan of
an amputee. Although the availability of global data regarding
the incidence of amputation is varied and nonstandardized, it
is estimated that there are nearly 2 million people living with
limb loss in the United States, [1] with approximately 185,000
amputations occurring here each year [2]. Worldwide, peer
support is a viable venue for acquiring and sharing this
information. A support group is defined as a group of people
with common experiences and concernswho provide emotional
and moral support for one another [3]. The concept of patient
support groups dates back to the late 18th century France, where
“The governor of Bicétre Hospital in Paris, Jean Baptiste Pussin,
recognized the val ue of employing recovered patients as hospital
staff. The chief physician at the hospital, Philippe Pinel praised
these peer staff for being ‘ gentle, honest, and humane’, *averse
from active cruelty’, and ‘ disposed to kindness'” [4].

The power and impact of support groupswere demonstrated by
one of the earliest support groups, Alcoholics Anonymous, in
1935. Alcoholics Anonymous showed how self-help groups
could do what the medical profession had, for the most part,
been unable to do, which was to help alcoholics successfully
managetheir addiction [5]. Inthelatter half of the 20th century,
support groups in both the mental health field and medical
profession proliferated. Support groups were created to help
those affected by numerous conditions, from addictionsto heart
disease, cancer, and grief support. One such group—the
Amputee Coalition—wasfounded in 1986 when “asmall group
of amputee support group leaders recognized the need for an
organization dedicated to the needs of people with limb loss,
their families and healthcare providers’ [6]. Peer support for
amputees can assi st with adjustment to amputation; psychosocial
healing [7]; and sharing information about medical support,
adaptive tools, and mental health resources.

Although traditional peer-to-peer support groups have
functioned in face-to-face, real-time meetings, a limitation of
face-to-face peer support groups is the lack of access due to
distance, time, transportation, etc. This is especialy true for
individuals with disabilities, chronic illness, or mental illness
[8]. These populations may not have the physical or social
resources to participate in face-to-face support groups. As a
result, virtua health care support groups are a potential
alternative. Virtual health care support groups utilize the
communication technology of virtual worlds. The growth and
positive impact of virtual worlds has created many new

http://rehab.jmir.org/2019/2/€14887/
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possibilities for amputee support groups. A 2013 study of 196
individuals with physical or mental disabilities who actively
participated in Virtual Ability in the Second Life virtual world
found an increase in self-esteem, social support, and life
satisfaction [9].

Characteristics of virtual worldsinclude persistence, anonymity,
24/7 accesstoindividuals globally, and virtual embodiment [8].
Persistence isthe ability of the virtual environment to continue
to operate, use, and collect data irrespective of whether
individuals are interacting with it via their avatars [8]. Virtual
worlds are anonymous because the use of avatars allows the
user to mask their identity, which includes the ability to alter
their age, gender, physical appearance, and other characteristics
including disabilities. Virtual worldsallow amputeesto interact
globally, overcoming geographic limitations and isolation.
Virtual embodiment allows users to interact with their virtual
geography including other individuals and objects in the
environment and in the virtual world [10]. In other words, the
virtual world environment may allow people to participate in
support group sessions with a level of access and anonymity
that is not possible in aface-to-face support group setting.

Winkler et al [11] tested the use of a virtual environment to
provide self-management information including skill
development to amputees. Figure 1A shows how a computer is
used to accessthevirtual world viatheinternet. Figure 1B shows
the virtual world built for Winkler's previous study [11].
Amputees had the opportunity to view themselves as an avatar,
practicing desired behaviors such as balance (Figure 1C) and
providing information on the history of prosthetics (Figure 1D).
Figure 1E and F show virtual support groups. Some participants
performed activities wearing a prosthetic limb and socialized
with other amputees virtually, before having a prosthetic limb
and interacting with other amputees in real life. Attempts at
convening a virtual support group within the virtual world
infrastructure developed by Winkler et a [11] were not
sustained, which was the impetus for the survey study reported
in this paper. Thus, the purpose of the survey study was to
understand what amputees seek in a support group and to
measure the acceptability of using technology to increase access
to support groups. More specifically, the study sought to answer
four research questions:

1. Why do amputees join support groups?

2. Why do amputees not participate in support groups?

3. Why do amputees rejoin support groups?

4. Istherearolefor virtual technology in improving amputee
support group engagement?
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Figure 1. (A) User engaging with a virtual world via computer, (B) the virtual island, (C) practicing balance activities, (D) a virtual museum, and
participating in regularly scheduled (E),

A_Using a computer to access a virtual world.

and holiday virtual support groups (F).

C. Amputees using avatars to practice behaviors.

D. Virtual museum providing a history of prosthetics.

E. One setting for an amputee virtual support group. F. Another setting for an amputee support group.

Methods

This study was approved by the Nova Southeastern University
Ingtitutional Review Board. A cross-sectional survey design
was used to survey asample of amputeeswith an email address,
as the survey was administered by email and required internet
access. Using convenience sampling, amputees were recruited
using an institutional review board—approved flyer distributed
on the Amputee Coalition website and Facebook page; InMation
magazine; and at the 2018 Amputee Coalition annual conference
in Tucson, AZ. Interested participantswereinstructed to contact
the first author by phone or email. Study data were collected
and managed using Research Electronic Data Capture (REDCap)

http://rehab.jmir.org/2019/2/€14887/

XSL-FO

RenderX

electronic data capturing tools hosted at Nova Southeastern
University. REDCap is a secure, Web-based app designed to
support data capture for research studies, providing an intuitive
interface for validating data entry; audit trails for tracking data
manipulation and export procedures; automated export
procedures for seamless data downloads to common statistical
packages, and procedures for importing data from external
sources [12]. Subjects who decided to participate in the study
provided their name and email to the first author. They were
then sent an email viaREDCap with alink to the closed survey.
A statement of consent preceded the survey. Respondents were
able to review and change their answers.
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The 38-item survey administered between April and September
2018 was divided into four section headers: Demographics,
Limb Loss History, Amputee Support Group Participation, and
Technology Usage. The Demographic section of the survey had
four demographic questions including gender, race-ethnicity,
age, and military service. The Limb Loss History section had
seven questionsincluding type, cause, and number of participant
amputations. The Amputee Support Group Participation section
included questions about the number, type, and frequency of
support group participation. The Technology Usage portion of
the survey asked participants about the type, frequency, and
accessto various types of technology. The formats of the items
were multiple-choice, drop-down menu, check boxes (designated
for single and multiple answers). Explanation boxes were also
provided for some questions to give participants a chance to
choose the “other” option and provide open-ended responses.

Table 1. Demographic data.

Nathan & Winkler

There were additional comments sections for respondents to
provide further, optional information. Qualitative descriptive
analyses were used for open-ended questions. Quantitative
statistical analysis was applied to the numerical data captured
from the survey.

Results

Fifty-nine amputees were enrolled in the study. Data were
analyzed for the 54 amputees who completed the survey,
although most, not all, itemswere completed for all participants.
Tables 1 and 2 present the demographic composition of the
participant group.

The first research question asked why amputees join support
groups. Table 3 shows how many participants belong to support
groups and other information about support group participation.

Variable

Sample (N=54)

Age (years), mean (range)

Sex, n (%)
Male

Male LGBT®
Female
Race, n (%)
Caucasian/White
Black/African American
Native American
Ethnicity, n (%)
Latino/Latina
Not Latino/Latina
Military service, n (%)
Yes
No
Number of amputations, n (%)
1
2
3
>4

58.6 (20-82)2

35 (65)°
102

18 (33)

50 (93)
3(6)
1(2

2(4
52 (96)

8 (15)
46 (85)

41 (76)
8 (15)
2(4
3(6)

8Continuous variable in age (range).
bLGBT: leshian, gay, bisexual, transgender.
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Table 2. Amputation data.
Variable Value, n (%)

Number of amputations (54 subjects)

1 41 (76)
2 8(15)
3 2(4)
>4 3(8)
Amputation type (total of 64 amputations, as some subjects had more than one amputation)
Below knee 35 (55)
Above knee 11(17)
Finger(s) 6(9)
Below elbow 3(5)
Shoulder disarticulation 1(2
Above elbow 1(2
Elbow disarticulation 1(2
Hip disarticulation 1(2)
Knee disarticulation 1(2
Foot 1(2)
Toe(s) 1(2
Amputation side
Left 28 (52)
Right 20(37)
Bilateral 4(7)
Quadrimembral 2(4)
Amputation cause (total of 64 amputations, some subjects had more than one cause)
Trauma 18 (28)
Infection 14 (22)
Diabetes related 10 (16)
Other 8(13)
Vascular disease 4 (6)
Cancer 4(6)
Disease related 3(9
Congenital/birth 23
Unknown 1(2)

Time since most recent amputation (years, N=53, asone participant did not respond

<1 4(8)

1-2 9(17)

2-3 8(15)

35 8(15)

5-10 11(21)

=211 13 (25)
http://rehab.jmir.org/2019/2/e14887/ JMIR Rehabil Assist Technol 2019 | vol. 6 | iss. 2 [14887 | p.44
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Table 3. Amputee support group experience.
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Experience

Participants, n (%)

Belong to at least one support group
Yes
No
Number of yearsbelonged to support group (45 responses)
<1
1-2
2-3
3-5
5-10
211

45 (83)
9(17)

11 (24)
9(20)
8 (18)
9(20)
6 (13)
2(4

Number of support groups participated in the past 12 months (one missing value, N=53 respondents)

0
1
2
3
>3
Frequency of support group meets (47 responses)
Once amonth
Once every 2 months
Once every 3 months

Twice ayear

Other

14 (26)
23 (43)
10 (19)
4(8)
2(4

30 (64)
4(9)
2(4)
1(2)
10 (21)

Number of meetings attended past 12 months (primary group; 47 responses)

0

1-3
4-6
7-9
10-12

9(19)
17 (36)
5(11)
5(11)
11(23)

Questions 22, 24, and 26 in the 38-item participant survey asked
respondents to select all applicable choices; therefore there
could be multiple responses per participant.

Table 4 shows seven defined reasons (plus “Other”) for
amputees’ participation in support groups, stratified by sex and
military experience. The top reasonsfor all participantstojoin
their support group were to obtain information about living with
an amputation and to network with other amputees and health
care professionals. For the group of military respondents, the
top reasons were to obtain information about living with an
amputation, to learn new skills as an amputee, and to network
with other amputees and health care professionals.

http://rehab.jmir.org/2019/2/€14887/
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Table 5 presents 13 reasons why amputees do not participate
in support groups, stratified by sex and military experience. The
top two reasons for al participants not to participate in support
groups were because they did not know there was a support
group close to them or the support group was not close enough.
For the group of military respondents, the top reasons they did
not participate was that they did not know there was a support
group close to them, the support group was not close enough,
or they did not feel they had anything in common with other
members of the group. The“ Other” option wasthe most frequent
selection. Textbox 1 groups the “ Other” reasons by theme.
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Table 4. Reasons why participants decided to participate in their amputee support group (total responses=160).

Reason All responses, Maleresponses, Femaleresponses, Military responses,
n (%) n (%) n (%) n (%)

Obtain info about living with an amputation 34(21.3) 23(20.4) 11 (23.4) 7(29.2)

Network with other amputees & health care professionals 30 (18.8) 20 (17.7) 10 (21.3) 4(16.7)

Make new friends 21(13.1) 14 (12.4) 7(14.9) 2(8.3

Learn about new prosthetic technologies 19 (11.9) 16 (14.2) 3(6.4) 1(4.2)

Learn new skills as an amputee 19(11.9) 12 (10.6) 7(14.9) 5(20.8)

Learn about new amputee support services 16 (10.0) 12 (10.6) 4(8.5) 1(4.2)

Learn about new amputee support technologies 13(8.1) 10(8.8) 3(6.4) 2(8.3)

Other 8(5.0) 6 (5.3) 2(4.3) 2(8.3)

Table 5. Reasons for not participating in an amputee support group (total responses=69).

Reason All responses, Maleresponses, Femaleresponses, Military responses,
n (%) n (%) n (%) n (%)

| don’t know if there are any support groups near me 9(13.0) 7(16.7) 2(7.49) 4(23.5)

No amputee support groups are reasonably close to where |l live 8(11.6) 3(7.1) 5(18.5) 2(11.8)

| don't feel | have alot in common with the other participants 7(10.1) 6(14.3) 137 2(11.8)

The amputee support group meeting time does not work for me 7(10.2) 5(11.9) 2(749 0(0.0)

Usually, not enough people show up 5(7.2) 3(7.1) 2(7.49) 1(5.9)

It's always the same people who attend 5(7.2) 3(7.1) 2(749) 1(5.9

The meeting topics are usually not relevant to my needs 5(7.2) 3(7.1) 2(7.49) 1(5.9)

Most of the participants are not in my age group 5(7.2) 3(7.1) 2(749 0(0.0)

The meeting topics are usually not interesting to me 3(4.3) 1(24) 2(7.49) 1(5.9)

| do not like the amputee support group leadership 3(4.3) 1(2.9) 2(749 1(5.9

The healthcare professionals take up most of the meeting time 2(2.9 2(4.8) 0(0.0) 1(5.9)

There is/are amputee support group(s) closeto me, but | havenoway 0 (0.0) 0(0.0) 0(0.0) 0(0.0)

to get there

Usually there are too many people 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Other 10 (14.5) 5(11.9) 5 (18.5) 3(17.6)
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Textbox 1. Other reasons for not participating in support groups.

Time:

. Meetings are held every other month and | lose track of which month they are held on aso | have many doctors’ appointments at the same time
they are held on too.

o Wasn't ableto make last one

e  Limited time

«  Thesupport group for upper extremity amputeesisonly held twice ayear. Unfortunately, | have missed meetings because the days did not work
because of other obligations, or timing

Gender:

« | amthe only woman except sometimes the wives of some amputees

«  Being an above the elbow amputee and awomen, | have found that most support groups are made up of primarily leg amputees and men

Need:
. Don't need support, can make this adjustment on my own, too proud, shows signs of weakness, won't help

«  Wehad so many below 40 amputees we helped and convinced afew to start a* young” amputees support group and had joint meetings occasionally
«  Never realy thought about joining one.

Fear:

o I'mstill embarrassed of my situation.

Distance:

«  Thesupport group for upper extremity amputeesis 2 hours from my home

L eader ship and group process:

. Thereislittle, if any, opportunity provided for interchange of experience among the amputees. All of us, occasionally, wonder about this or that
and if others have had similar experiences. The group does not even go around the table each time to introduce oneself and, perhaps, indicate the
reasons for their amputation. In short, we know almost nothing about each other. The professionals make presentations and don't even ask if there

are questions or how the presentation might be relevant to anyone in the room.

Commonality:

« | found my local support group to be alot of older amputee people who were very negative and who is me type people who complained a lot
instead of going out and doing things. | lead a much more active lifestyle than they do.

Table 6 shows 10 possible reasons why participantswould return
to a support group. The top reasons were that members of the
group should have more in common with the respondent, the
group should be closer geographically, and the topics should
be more relevant. For the group of military respondents, thetop
reasons were that the group should have more in common with
the respondent and the topics should be more relevant. Reasons
specific to men were a preference that health care professionals
not dominate support group meetings.

An ad hoc analysis looked at the relationships between the
duration of participation in support groups and time since
amputation for a cohort of 34 amputees who had a single
amputation and bel onged to asupport group (Table 7). The data
show that while about half the amputees dropped out of support
groupsastime since amputation increased, othersjoined support
groups =5 years after their amputation.

Table 8 shows the confidence level of using technology by age
group. The majority of respondents rated themselves as “Very
Confident” in using technology and used technology daily.

http://rehab.jmir.org/2019/2/€14887/

Nearly 100% of all age groups used technology daily (not
graphed). Only one respondent used technology “Weekly” (=60
years) and one responded, “Not at al” (40-59 years).

All the participants in the 20-39 years age group and less than
half of the older groups reported that they thought technology
(teleconferencing, videoconferencing, and virtual environments)
could increase participation in amputee support groups (Table
9).

Tables 10-12 compare the likeliness of joining a support group
using teleconferencing, videoconferencing, and avatars by age
group: 20% of the respondents aged 20-39 years were very
likely to participate in support groups that use teleconferencing
and videoconferencing. In comparison, 40% of those aged 20-39
yearswere very likely to participatein support groups that used
avatars. Only 20% of those aged 40-59 years and =60 years
responded that they were not at all likely to use teleconferencing
or videoconferencing; 30% said they were not at all likely to
use avatars.
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Table 6. Reasons to participate in a support group (total responses=52).

Nathan & Winkler

Reason All responses, Maleresponses, Femaleresponses, Military responses,
n (%) n (%) n (%) n (%)
Participants that have more in common with me 13(25.0) 7(23.3) 6(27.3) 3(18.8)
An amputee support group closer to where | live 7(13.5) 4(13.3) 3(13.6) 1(6.3)
More relevant topics to my needs 7(13.5) 3(10.0 4(18.2) 3(18.8)
Participants who were closer to my own age 6(11.5) 3(10.0) 3(13.6) 1(6.3)
Healthcare professionalswho support the meetingswithout dominating 5 (9.6) 5(16.7) 0(0) 2(12.5)
the meetings
Other 5(9.6) 3(10.0) 2(9.1) 1(6.3)
Theavailability of technology like teleconferencing, videoconferenc- 4 (7.7) 2(6.7) 2(9.1) 2(125)
ing, etc to be able to meet virtually
A larger group of participants 4(7.7) 2(6.7) 2(9.1) 2(125)
A smaller group of participants 1(1.9) 1(3.3) 0(0) 1(6.3)
If | could access low cost reliable transportation to get me to the 0(0) 0(0) 0(0) 0(0)
meeting
Table 7. Relationship between time since amputation and duration of support group participation (total=34 hours).
Number of years since amputation Number of yearsin support
<1 1-2 2-3 35 5-10 >11
<1 2 _a — — _ _
1-2 3 3 — — — —
2-3 0 2 4 — — —
35 3 0 2 3 — —
5-10 0 1 0 3 1 —
>11 0 2 1 0 3 1
3Not applicable.

Table 8. Confidence in using technology (N=54).

Level of confidence

All participants, n (%) Group: 20-39 years, n (%) Group: 40-59 years, n (%) Group: 60-82 years, n (%)

Very confident
Confident

Slightly confident
Not confident at all

25 (46.3) 3(60.0) 12 (57.1) 10 (35.7)
17 (31.5) 1(20.0) 7(333) 9(32.1)
11 (20.4) 1(20.0) 1(4.8) 9(32.1)
1(1.9) 0(0.0) 1(4.8) 0(0.0)

Table 9. Responsesto the question, “Can technology increase participation in amputee support groups?’ (N=51).

Response All participants, Group: 20-39  Group: 40-59  Group: 60-82
n (%) years,n (%) years? n(%) years®, n (%)

I think technology will increase the level of participation in amputee support 23(45.1) 5 (100) 9(45.0) 9(34.6)
groups.
| am not sure whether technology will increasethelevel of participationinamputee 17 (33.3) 0(0) 7(35.0) 10(38.5)
support groups.
I don't think technology will increasethelevel of participationin amputeesupport 11 (21.6) 0(0) 4(20.0) 7(26.9)
groups.

@0ne person did not respond.

Two people did not respond.
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Table 10. Likelihood of using teleconferencing to participate in an amputee support group (N=54).

Likelihood All participants, n (%) Group: 20-39 years, n (%) Group: 40-59 years, n (%) Group: 60-82 years, n (%)
Very likely 9(16.7) 1(20.0) 3(14.3) 5(17.9)

Somewhat likely 16 (29.6) 2(40.0) 6 (28.6) 8(28.6)

Neutral 13 (24.1) 2(40.0) 5(23.8) 6 (21.4)

Somewhat unlikely 6(11.1) 0(0) 3(14.3) 3(10.7)

Not at all likely 9(16.7) 0(0) 4(19.0) 5(17.9)

Don't know what teleconferencingis 1 (1.9) 0(0) 0(0.0 1(3.6)

Table 11. Likelihood of using videoconferencing to participate in an amputee support group (N=54).

Likelihood All participants, n (%) Group: 20-39 years, n (%) Group: 40-59 years, n (%) Group: 60-82 years, n (%)
Very likely 7(13.0) 1(20.0) 3(14.3) 3(10.7)

Somewhat likely 15 (27.8) 1(20.0) 4(19.0) 10 (35.7)

Neutral 16 (29.6) 3(60.0) 7(33.3) 6 (21.4)

Somewhat unlikely 5(9.3) 0(0.0) 2(9.5) 3(10.7)

Not at all likely 10(18.5) 0(0.0) 5(23.8) 5(17.9)

| don’t know what teleconferencingis 1 (1.9) 0(0.0) 0(0.0) 1(3.6)

Table 12. Likelihood of using avatars to participate in avatars in a virtual amputee support group; response to the question, “If you had access to the
internet how likely would you be to join avirtual support group using avatars?’ (N=54).

Likelihood All participants, n (%) Group: 20-39 years, n (%) Group: 40-59 years, n (%) Group: 60-82 years, n (%)
Very likely 9(16.7) 2 (40.0) 5(23.8) 2(7.1)

Somewhat likely 5(9.3) 1(20.0) 2(9.5) 2(7.2)

Neutral 19(35.2) 1(20.0) 8(38.1) 10(35.7)

Somewhat unlikely 7 (13.0) 0(0.0) 2(9.5) 5(17.9)

Not at all likely 13(24.1) 1(20.0) 4(19.0) 8(28.6)

| don’t know what teleconferencingis 1 (1.9) 0(0.0 0(0.0) 1(3.6)

Discussion

Principal Findings

The purpose of this study was to understand why amputees do
or do not participate in support groups and whether there is a
role for technology in improving amputee support group
engagement. The authors speculated that with the growing
prevalence of virtual technology, there was an opportunity for
virtual technology to supplement the amputee support group
experience. After a failed virtual support group in a previous
study [11], it became clear that additional information on support
group participation and attitudes toward a “spectrum of
increasingly more complex technology” was needed. In the
early 1980s, when the use of computer-based training (CBT)
was in its infancy, instructors had to take time in a class to
provide basic computer literacy—how to turn on and off the
computer, save and transfer data, how to use amouse, etc—skills
that are ubiquitous today. We believe that one day, customizing
an avatar and navigating avirtual reality environment will also
be ubiquitous. Our data show that 100% of amputees in the
youngest age group (20-39 years) believe that technol ogy would
improve participation in support groups, a finding supported

http://rehab.jmir.org/2019/2/€14887/

by Taylor et al [13] who used virtual technology with respiratory
patients. Although it is important to understand how best to
deliver health care, including support to the next generation of
health care consumers, we had some unexpected findings.

When examining the text-based participant feedback in Table
4 and the duration of participation in Figure 1D, we learned
that participants had two reasons for joining a support group.
Thefirst wasto learn skills and improve functionality to regain
as much mobility as possible (which includes familiarity with
new prostatic technology), and the second was to connect with
other people who have had similar experiences. While further
research is needed, once the functional goals of a participant
are attained, the social aspect seems to become more critical,
and if there is no sense of connectivity between participants,
amputee support group participation drops over time. The
implications of thisobservation will be examined further in this

paper.
Although the survey covered alot of ground, there seemed to
be four key takeaways regarding amputee participation in
support groups:
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«  Theneedsof participantsin amputee support groups change
over time.

«  Maesting content needsto berelevant with agendas primarily
driven by participants.

«  Support group participation is also driven by the desire to
» Increase functionality by developing skills
»  Become familiar with prosthetic technology
- Have more than amputation in common with other

participants

- Participate at the designated meeting time and location

« The use of virtual technology should support patients
needs.

A more detailed discussion of each takeaway is presented
below.

The Needs of Participantsin Amputee Support Groups
Change Over Time

It should come as no surprise that amputee support group
participants’ needs change over time. In cases where the initial
challenge of living with a prosthesis is met, participants look
for deeper connectivity to the other members of the support
group. If that does not happen, group participation can be waned.

Just as the Amputee Coalition describes phases of recovery for
amputees [14], the data in the study suggest that participation

Table 13. Proposed phases of goal priority for amputees in support groups.

Nathan & Winkler

in amputee support groups may follow phases based on time as
an amputee and functional capability. Reviewing both the
text-based responsesin Table 3 and the duration of participation
observed in Textbox 1, it may be reasonable to assume that
there are phases in support group participation: a short-term
phase (<1 year) with aprimary focus onimproving functionality
and a longer-term phase (>1 year) where connecting with the
shared experience of other amputees becomesthe primary focus.
Table 13 describes how amputee support groups goals may
vary over time.

From early on, the primary focus of amputees is to learn the
life skills needed to return to as normal alife as possible and
meet with other amputees who have a shared experience. Over
alonger time, as the functional goals are achieved, the primary
purpose of continuing participation seems to focus on
friendships and rel ationshi ps with others because of their shared
experience, and secondary purposeisto obtain new information
on functional issues and prosthetic technology as they become
available. If thisobservation provesto bevalid, theimplications
for support group content and agendas may be significantly
impacted, as that agendas should provide content or activities
to meet the needs of participants based on where they are in
their experience as an amputee.

Phase New amputees (<1 year)

Experienced amputees (>1 year)

Primary goal Increase functional skills and familiarity with prosthetic
technology
Secondary goal Connect with the shared experience of other amputees

Connect with the shared experiences of other amputees

Enhance existing functional skills and learn about new prosthetic
technology

Meeting Content Needs to be Relevant With Agendas
Primarily Driven by Participants

The decision to participate in an amputee support group is based
on the perceived value of what the group hasto offer aswell as
the logistical ability to participate in the meetings. Following
the perceived value, or perhaps, as part of that perceived value,
the rel ationships between participants and the meeting content
become an important factor for continuing to be engaged in a
support group.

For respondents who choose not to participatein alocal support
group, a common reason for not doing so was feeling
disconnected from the content of the meetings. Either the health
care professionals drove too much of the agenda or the content
was not sufficiently explained, or the reason was relevant to the
participants’ needs. While additional research could help gain
a better understanding of the opportunity, not surprisingly, it
appears that amputees want to be empowered and engaged in
their support group meetings by helping to drive the meeting
content. Thismay seem like common sense, but in anumber of
support group situations, this is not perceived by amputees as
common practice.

Additionally, trying to be “all thingsto all people’ with regard
to meeting content pitsthe needs of new amputees against those

http://rehab.jmir.org/2019/2/€14887/

of seasoned amputees. The data suggest that there may be a
need for amputee support groups that provide focus for new
amputees as well as a separate focus for “ seasoned” amputees.
Creating a single agenda for every meeting that serves both
groups’ needs may be a significant challenge, but unless there
is a large enough population of each category of amputees to
support two groups, the meeting agenda may need to have a
portion of time dedicated to the needs of the new amputee and
a portion of this agenda focused on the more experienced
amputee.

These observations also tie into the descriptor we used to label
a support group “participant.” Considering that support group
participation may occur over time, from starting as a new
amputee to becoming an experienced amputee, the label of
“patient” may not apply to a“ seasoned" amputee support group
participant. In the article “What should we call the people we
work with?’ Author John Brinkman observed that early on in
the journey of limb loss, individuals are often referred to as
“patients’ because they may be recovering from an actual illness
[15]. The use of the descriptor “patient” also suggests a
dependent relationship between amputee and hedth care
providerg/prosthetists. However, over time, that relationship
changes, where the individual may no longer be “sick,” so,
perhaps, they should no longer be viewed as “ patients.”
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If the leadership of an amputee support group is largely
comprised of health care providers who view its members as
“patients’ as opposed to “participants,” health care providers
may feel justified to be the ones driving the support group
agenda and content, that is, they know best what should be
covered in a support group meeting. However, once the health
care community considers experienced amputees as partners or
participantsinstead of patients, the goals and content of support
group meetings can be mutually agreed to. Thisrequiresfurther
study but it is possible that participation and engagement in
support group meetings could increase with achangein meeting
philosophy based on how group participants are defined—as
patients or partners.

Support Group Participation Driven by Several Factors

Support group participation was driven by the need to improve
functionality by developing skills, becoming familiar with
prosthetic technol ogy, having more than amputation in common
with other amputees, and being available to participate in
support group meetings at the designated time and location.

Asstated earlier, the research suggeststhat many peopleinitially
join amputee support groups primarily to learn how to live life
as an amputee. This can be done through gait clinics and other
group activities ranging from swimming to bowling, golf, and
many other sport- and hobby-based activities. Once these needs
are met, having something in common with the other support
group members is important to most amputees continued
participation in the support group. Although this study only
skimmed the surface of elements of commonality, some of the
feedback indicated that gender, age, socioeconomic background,
and educational background impact the perception of
commonality between members of a support group and
consequently a connection that may drive continued
participation. While support group leaders can easily control
meeting content, it is far more challenging to manage the
demographic of amputees that participate in support group
meetings. Additional research in this areamay prove helpful to
support group leaders.

L earning about prosthetic technol ogy can be overwhelming for
new amputees. Support groups can help when experienced
amputees share their experiences with certain technologies.
Additionally, product manufacturers and prosthetists might be
invited to support group meetings as long as it is understood
that the purpose is to objectively inform the audience and not
simply promote their products.

In addition, of importance to many amputees was the timing
and location challenges of attending amputee support group
meetings, which can impact respondents’ level of participation.
Trying to find an optimal meeting time and location for all
amputees connected to a support group can be very challenging
for group leaders. Depending on the size of the group, varying
the meeting times or location or the use of communication
technology may help with thisissue.

Virtual Technology Should Support the Participants
Needs

Respondentsindicated a genera belief that technology may be
used to overcome some of the meeting logistical limitationsthat

http://rehab.jmir.org/2019/2/€14887/
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were a challenge to some respondents. However, it was also
clear that at an individual level, such openness to the use of
technology was strongly influenced by the respondents’ comfort
level and understanding of specific technology options.

Based on the earlier observations regarding focus on improving
amputee functionality, it seems that if communications
technology (teleconference, videoconference, or avatar-based
virtual world) can assist with improving participant
functionality, there is a place for these technologies to
supplement support group activities. For example, virtual reality
technologies can help amputees by visually demonstrating new
skills, safely practice those skills through avatars, gain
confidence, and assess functional progress. A limitation of this
study was that the technology options included were limited to
teleconference, videoconference, or avatar-based virtual world.

In Textbox 1, which presented other reasonsfor not participating
in support groups, participants provided open text responses
regarding why they do not participate in amputee support
groups. These reasons could be grouped together in several
categories such as time, gender bias, perceived value, fear,
distance, leadership in the group process, and a sense of
commonality. The technology used to create virtual worlds
could address a number of these issues.

Theissue of time can be addressed by the possibility of offering
avariety of meeting times from which support group members
could sign up. By not having to travel to participate, the
possibility of alarger geography from which to draw participants
becomes viable for avirtual group. It may also permit greater
flexibility around frequency and timing of meetings.

While no one should have to hide who they are, the anonymous
environment afforded by virtual worlds and the wider reach of
a support group in avirtual world could allow more members
of both genders to participate. According to the Amputee
Coalition, male amputees outnumber female amputees by
two-thirds [16]. As per the survey results, it is not uncommon
for a woman to find herself to be the only female in a
face-to-face support group, which may then not focus on her
specific gender needs. The potentially wider reach of avirtual
environment may allow more women to participate.

In terms of “Perceived Value,” for amputees who feel they do
not need support and can make the adjustment on their own or
are simply too proud or afraid of showing weakness, the
anonymous nature of a virtual support group might open the
door to these individual s to encourage them to participate. The
same would be true for people who are afraid or embarrassed
about their appearance and new situation. The anonymous nature
of a virtual environment might make it easier for them to
participate.

One of the common themes for not participating in a support
group beyond improving one's functionality with a prosthesis
is the social disconnect they feel with other members of the
support group. Several respondents said they do not feel they
have enough in common with other support group members
beyond being amputees. As stated earlier, the use of avatarscan
provide a level of anonymity that might diminish some of the
more obvious differences between participants, at least at the
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physical level. Being engaged in specific activities like
windsurfing or swimming in an online virtual support group
setting may provide an environment to help overcome some of
those barriers. With the wide range of ages one sees in the
survey results, age becomes less significant in an avatar-based
environment since the physical limitations that come with age
are not restrictive or visible in avirtual world.

Additional research with a stronger focus might provide
additional insightsregarding the optimal circumstancesinwhich
technology, in general, and virtual reality, specifically, may
increase amputee support group participation.

Recommendationsto Support Group Leaders
Our recommendations are as follows:

« View your group participants as partners, not just as
patients.

«  Ask participantswhat they want to achieve by participating
in the group. Do this periodically (not just when a new
person joins), since participant goals change over time.

«  Engagewith support group participantsto devel op meeting
agendas.

« Have meetings to support the development of functional
skillsfor all participants.

«  Depending on group size, develop meeting content for both
new amputees and experienced amputees:
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»  When possible, aportion of each meeting can be used
for the needs of new amputees and another portion can
be used for the needs of experienced amputees.

- Alternate meetings where one meeting focuses on the
new amputee and the next meeting focuses on
experienced amputees can be conducted.

- Experienced amputees can be used to help and
encourage new amputees.

- Look at the support group demographics and brainstorm
ways to find common ground between group participants
where possible.

- Determine if and how various communication technology
options can supplement the support group experience:

- Make training available to teach participants how to
use the technology selected.

- Develop activities that are engaging for participants
using the technology and helps them achieve their
goals.

»  Whereneeded and possible, provide technology support
to participants (equipment, financial support, tech
support, etc)

While these recommendations will not resolve all issues
regarding support group participation, they are based on
feedback from a range of support group participants from all
walks of life. We believe they can go along way in enhancing
the amputee support group experience as well as improving
outcomes for participants.
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Abstract

Background: In order to prevent pressure ulcers, wheelchair users are advised to regularly change position to redistribute or
eliminate pressure between the buttocks region and the seat of the wheelchair. A power tilt-in-space wheelchair (allowing
simultaneous pivoting of the seat and the backrest of the wheelchair toward the back or front) meets many clinical purposes,
including pressure management, increased postural control, and pain management. However, there is a significant gap between
the use of tilt as recommended by clinicians and its actual usage. A Web-based electronic health (eHealth) intervention, including
a goal setting, monitoring, reminder, and feedback system of the use of power tilt-in-space wheelchairs was developed. The
intervention incorporates behavior change principles to promote optimal use of tilt and to improve clinical postprocurement
follow-up.

Objective: This study aimed to conduct a formative evaluation of the intervention prototype to pinpoint the functionalities
needed by end users, namely, power wheelchair users and clinicians.

Methods. On the basis of an evaluation framework for Web-based eHealth interventions, semistructured interviews were
conducted with power wheelchair users and clinicians. A content analysis was performed with a mix of emerging and a priori
concepts.

Results: A total of 5 users of power tilt-in-space wheelchairs and 5 clinicians who had experience in the field of mobility aids
aged 23 to 55 years were recruited. Participants found the Web interface and the physical components easy to use. They aso
appreciated the reminder feature that encourages the use of thetilt-in-space and the customization of performance goals. Participants
requested improvements to the visual design and learnability of the Web interface, the customization of reminders, feedback
about specific tilt parameters, and the bidirectionality of the interaction between the user and the clinician. They thought the
current version of the intervention prototype could promote optimal use of thetilt and improve clinical postprocurement follow-up.

Conclusions: On the basis of the needsidentified by power wheelchair users and clinicians regarding the prototype of a power
tilt-in-space wheelchair monitoring system, 3 main directions were defined for future development of the intervention. Further
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research with new wheelchair users, manual tilt-in-space wheelchairs, various age groups, and family caregiversisrecommended

to continue the formative evaluation of the prototype.

(JMIR Rehabil Assist Technol 2019;6(2):€13560) doi:10.2196/13560

KEYWORDS

wheelchairs; eHealth; health behavior; pressure ulcers; self-help devices,; remote sensing technol ogy; technology assessment

Introduction

Background

Globally, about 65 million people need a wheelchair [1]. In
North America, an estimated 15% of wheelchair userslivingin
a community use a power wheelchair [2,3]. Pressure ulcers
represent amajor problem for power wheelchair users[4]. The
loss of mobility and lack of sensitivity areimportant risk factors
in the formation of pressure ulcers[5]. For example, over 50%
of Americans with spinal cord injuries develop at least one
pressure ulcer during their lifetime [6]. The risk of developing
pressure ulcers also affects other wheelchair users with central
neurological conditions (eg, multiple sclerosis and cerebral
palsy) [7,8] and elderly people who experience fragility
associated with a major loss of mobility [9,10]. In addition to
causing pain and infections and increasing mortality risk, a
pressure ulcer may require hospitalization of 6 to 14 days[11,12]
along with extended bedrest. Consequently, the presence of a
pressure ulcer may not only limit an individual’s capacity to
participate in significant activities [13] but may also detract
from their quality of life [14,15]. In addition, pressure ulcers
have a major financial impact on the health care system: the
estimated cost of their treatment ranges from Can $2000 to Can
$20,000, depending on their severity [16].

Scientific studies [17,18] and the best-known practice guides
[19,20] recommend that users increase blood flow to the
buttocks region by regularly changing position to redistribute
or eliminate pressure between the buttocks region and the seat
of the wheelchair, while avoiding diding on the seat surface.
To do so, depending on the individual’s capacities, severa
strategies can be used to reduce pressure on the buttocks region
(eg, pushing up, leaning forward and sideways, and positioning
oneself on the back wheels) [21]. However, some users are
unable to complete these maneuvers and, therefore, need to
activate power tilt on their wheelchair to compensate for their
inabilities. Power tilt allows simultaneous pivoting of the seat
and the backrest of the wheelchair toward the back (or front).
The constant seat-backrest angle keeps the user at the back of
the seat, preventing friction and dliding during a change of
position. Depending on the angle of thetilt, the pressure on the
seat decreases by 11% to 55% [22-24]. To optimize the benefits
of power tilt in reducing pressure, it is recommended that
wheelchair users tilt every 30 min, for at least 1 to 2 min [19]
at aminimum angle of 30 [22,25].

Therefore, the use of power tilt isan effective means of changing
the pressure distribution between the buttocks region and the
seat, as needed, because it redistributes pressure largely to the
backrest of the wheelchair [26]. In fact, the use of power tilt
provides benefits beyond prevention and treatment of pressure
ulcers. On the basis of a literature review followed by focus

https://rehab.jmir.org/2019/2/€13560

groups, Lacoste et al [27] identified the main reasonsthat power
wheelchair users use tilt daily: (1) comfort and pain, (2) rest
and relaxation, (3) posture, (4) functional independence, and
(5) physiological functions. The participants claimed that they
used tilt for comfort purposes (95%), rest (92%), relaxation
(70%), or pain reduction (77%). Only 30% of the participants
reported tilting during the day to prevent or treat pressure ulcers,
and 20% of them used tilt to avoid dliding on the seat of their
wheelchair. They also reported that they tilted at small (0°-15°)
and medium (16°-30°) angles much more often than at large
angles (31°-45°). This observation has been corroborated by
several other studies [18,28-30] that al reached the same
conclusion: there is an important gap between the usage
recommended by clinicians and the actual use of power tilt.

Personalized instruction in the proper daily use of tilt isindeed
part of the care continuum of power wheelchair users. However,
recently documented clinical practices demonstrate that little
or no time is dedicated to training sessions and practice using
various wheelchair components [31-36]. Furthermore, given
that the conceptualization of reasons for the use of power tiltis
complex and differs greatly between clinicians and users [30],
it may be difficult for both parties to reach a common
understanding of the recommended use of tilt during power
wheelchair procurement. Under these circumstances, it is
understandabl e that the lack of postprocurement follow-up of
the use of mobility aids is one of the main concerns of
wheelchair users [37].

To date, several studies have examined monitoring technologies
to gather objective data regarding the use of mobility aids. The
scoping review by Routhier et al [38] pertaining to the use of
monitoring technologies by power wheelchair users found that
activities associated with the prevention and treatment of
pressure ulcers are the most frequent research topic. Among the
43 studies compiled, only 1 proposed an intervention involving
interaction between clinicians and userswhere clinicians could
objectively monitor the daily use of power tilt and other
wheelchair components (reclining backrest, elevating leg rest,
and seat) [39]. Recently described by Wu et a [40], this
intervention, which is offered in the form of a mobile app, is
intended to prompt users to adopt the repositioning behaviors
recommended by their clinicians by issuing reminders and
personalized alerts. Nonetheless, although this intervention is
on the market, only avery small number of usersand clinicians
can benefit from it because it is compatible with power
wheelchairs from only 1 manufacturer. A portable monitoring
system that could be installed on various models of power
wheelchairs would reach awider range of users.
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Objectives

Consequently, our research team has developed a Web-based
electronic hedth (eHealth) intervention that integrates
technology and professional advice. The prototype includes a
monitoring system that can be installed without complex
manipulation or permanent modification on all models of power
wheelchairs. The data gathered are transmitted to the user and
to the attending clinician viaaWeb interface. Thisintervention
aims to favor optimal use of tilt among users of any power
wheelchair model and to improve the postprocurement
monitoring offered by clinicians. Our study’s objective was to
perform a formative evaluation of our monitoring system
prototype to clarify the functionalities needed by end users
(power wheelchair users and clinicians) and thus increase the
likelihood that healthy behaviors targeted by the intervention
are adopted. Formative evaluation of a system by end usersis
typicaly performed when a product is in the early stage of its
development to identify and solve problems that influence the
end user’s experience [41,42].

Methods

Prototype Description

The proposed intervention was devel oped by amultidisciplinary
team of researchers, clinicians, students, and business partners
working in the fields of rehabilitation and electrical and
computer engineering. The Behavioral Intervention Technology
(BIT) model [43] illustrates the components of the intervention
(Table 1). Already commonly used in the eHealth domain
[44-46], the BIT model has the advantage of reconciling
principlesissuing from behavioral changetheorieswith different
concepts in electrical and computer engineering. This model
describes 2 conceptua components and 3 technical components
to consider during the development of eHealth interventions,

https://rehab.jmir.org/2019/2/€13560
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namely, the aims of the intervention, behavioral change
strategies, elements, characteristics, and workflow.

The literature was reviewed to compile the clinical goas
associated with the use of tilt. In addition, identification of the
needs and priorities of stakeholders [47] enabled us to select
behavioral change strategies (eg, feedback on performance),
elements (eg, transmission of data concerning the use of tilt),
and characteristics (eg, graphics and text results) to include
(Table 1). The reference framework proposed by Webb et al
[48] on effective behavioral change strategies used in eHealth
interventions has also guided the choice of behavioral change
strategies.

Figure 1 presents the prototype of the developed monitoring
system. The system includes 2 accelerometers (InvenSense
MPU-6050) installed at the power base and backrest of the
wheelchair. Each of them measuresthetilt angle relative to the
direction of gravity, then the difference of both angles provides
the effectivetilt angle, independent from the surface unevenness.
A matrix of 3 x 3 sensors (Interlink Electronics FSR 400)
measures pressure on the seat to activate the monitoring system
when someone sits on the wheelchair, and the information is
used to calculate time spent in the wheelchair. An optical flow
sensor (PMW3901) detects movement of thewheelchair to send
alerts when stationary only. An embedded computing system
(Raspberry Pi Zero W) calculates the time seated in the
wheelchair and thetilt time. The computer analyzesthe results,
archives them in a database, and displays them on a Web
interface accessible by a local wireless network. The system
also includes a notification module equipped with indicator
lights emitting diodes and a vibration motor that serves as atilt
reminder. No personal data are stored in the embedded
computing system asit is linked to an external secured server
for data management and security.
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Table 1. Monitoring system of the use of the power tilt wheelchair according to the Behavioral Intervention Technology model.

Conceptual and technical components of the Behavioral  Power tilt-in-space monitoring system
Intervention Technology model

Aims of the intervention (conceptual “Why") «  Favor optimal use of power tilt
« Allow cliniciansto offer users more effective postprocurement follow-up of power
tilt

Provide information on the outcomes in general: inform users of tilt parameters (fre-

quency, angle, and duration of tilt) associated with recommended tilt goals

«  Provideinformation on the outcomes for individuals: inform users about reasons
linked to recommended tilt goals

« Action planning: allow usersto create their own personal tilt goals

« Reinforcing effort toward behavior: recognize users' efforts to attain recommended
and personal goals

«  Providerewards for behavior: congratul ate users on attainment of goals

«  Prompts/cues:. issuetilt reminder when necessary

«  Providefeedback on performance: transmit results on daily and monthly use of tilt

according to recommended and personal goals

Behavioral change strategies (conceptua “How™") .

Elements (technical “What") «  Caollection, analysis, and passive transmission of data regarding the use of tilt to the

user and clinician

o Reminder (indicator lightsand vibration motor) aligned with tilt parameters of personal
goals

« Dataentry field

Characteristics (technical “How") «  Medium: text, images, and graphics
o  Complexity: tasks are easy to perform and have simple instructions
o Aesthetics: simple and discreet
Workflow (technical “When”) «  Automatic transmission of results on the use of tilt at specific intervals (eg, at the end
of each day or start of each month)

Figure 1. Embedded computing system architecture performing data acquisition, storage, and processing on a power tilt-in-space wheelchair.

INPUTS PROCESSING OUTPUTS

Armrest notification module
(Acknowledgement button)

Armrest notification module
(LEDs and vibration)
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Computer, tablet,
or smartphone
Web interface
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3 x 3 seat pressure sensors

Wireless °
access point

Recommendations
e Tilt goals

Web server | 4| e [Usage metrics
and
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Power base optical flow
Sensor

5 volt battery

As shown in Figure 2, the monitoring system’s Web interface  recommendations. Once the recommendations are saved, they

isoptimized for computers, tablets, and smartphones. The Web
interface includes separate pages to input recommendations and
displays tilt goals and feedback on the use of tilt. On the
recommendation page, attending clinicians can specify
recommendations from among the proposed tilt goals: (1)
prevention and treatment of pressure ulcers, (2) postural control
at rest, (3) postural control during movements, (4) edema, (5)
pain management, (6) comfort, (7) transfers, and (8) rest. Users
can aso create personalized tilt goals to add to the list of

https://rehab.jmir.org/2019/2/€13560

areautomatically availableto usersin theform of recommended
tilt goals. These goals are configured to provide information on
the positive outcomes of the use of tilt. In addition, at al times,
users can personalize their own performance targets and tilt
parameters (frequency, angle, and duration of tilt) associated
with the goal of prevention and treatment of pressure ulcers.
The term personal goals refers to new targets set by the user,
as opposed to the recommended goals, initially set by the
clinician. The Web interface al so included a section where users
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and attending clinicians can view daily and monthly dataon tilt
usage in real time. These data are displayed in the form of
graphics and text results that show the user’s performance
relative to the recommended and personal tilt goals. A message
encouraging usersto keep up with their effortsor to try to attain
their tilt goals is also displayed. Another element intended to
motivate users to use tilt, specifically to prevent and treat

Campeau-Vallerand et al

pressure ulcers, is the tilt reminder (Multimedia Appendix 1).
This reminder is activated each time the user sits in the
wheelchair for a period longer than the tilt frequency specified
in the user’s personal goal. In addition, indicator lights change
color when users reach or exceed the angle and duration of tilt
specified in the persona goal to inform users that they have
achieved the desired behavior.

Figure 2. Screenshots of main pages of the Web interface of the power tilt usage monitoring system.
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Recruitment

A formative evaluation was performed with 5 users of power
tilt-in-space wheelchairs and 5 clinicians who had experience
in the field of mobility aids. To ensure that they could easily
navigate a Web interface, al participants had to have basic
knowledge of how to use a computer, tablet, or smartphone.
Usershadto beat least 18 yearsold and use a power tilt-in-space
wheelchair astheir main mobility aid. There were no exclusion
criteriafor the 2 groups of participants.

The project received ethical approval from the institutional
review board of the Centre for Interdisciplinary Research in
Rehabilitation of Greater Montreal (CRIR-1090-0715). The
coordinators of clinical research at 3 rehabilitation centers in
the Greater Montreal Area (Canada) identified all potential

https://rehab.jmir.org/2019/2/€13560

RenderX

participants. Participants provided written consent to participate
in the study.

Interview Guide Development

To ensure that all concepts that influence the quality of the
Web-based intervention were developed and the users
experiencewere covered, the conceptual framework by Baumel
et al [49] was used to build the interview guide. Accordingly,
the following concepts were examined: usability, visual design,
content, user engagement, therapeutic persuasiveness,
therapeutic aliance, and general subjective evaluation. The
interview consisted of 2 parts. First, after having briefly
described the prototype and the intervention goals, realistic
task-based scenarios were presented to the participants.
Specifically, power wheelchair users (1) viewed photos of the
physica components of the system installed on a power
wheelchair, (2) consulted tilt goals and set a personal goal
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according to their preferences in the Web interface, (3) viewed
atilt reminder on video, and (4) consulted and interpreted results
linked to daily and monthly use of tilt directly in the Web
interface. Clinicians viewed the same scenarios, with the
addition of a fifth scenario on the entry of recommendations
regarding the use of tilt. During the scenarios, participantswere
asked to think aloud, a process that encouraged participants
interacting with a product to verbalize their thoughts, reactions,
and emotions, which provided an insight into their experience
as a user [41]. Participants were asked open-ended questions
after each scenario. The second part of the interview contained
guestions concerning the prototype in general. A preliminary
version of theinterview guide wastested with afamily caregiver
and clinician, both familiar with the mobility aids domain. The
comments served to improve and refine the guide (contact CA
to obtain a copy).

Data Collection Procedure

Each of the participants was met individually for a session that
lasted about 1.5 hours, which was recorded in a digital audio
format. The participants sociodemographic data, including
their level of perceived experience with technologies and the
internet, their reasonsfor using tilt, and their history of pressure
ulcers, were al so obtained. Observation notes (eg, participants
nonverbal reactions) were taken throughout the session.

Data Processing and Analysis

Interview transcriptions were subject to content analysis with
amixed coding approach. The coding guide was based on the

Campeau-Vallerand et al

key conceptsby Baumel et a [49] (main themes and subthemes),
and the emerging themes were linked to these concepts until a
final coding guide was devel oped. Coding was done with QDA
Miner v5.0 (Provalis Research) software by the first author
(CCV), and a second author (DGB) coded transcriptions
independently. Divergence in coding was discussed with the
last author (CA) to reach consensus.

Results

Study Participants

Participants' characteristics are presented in Tables 2 and 3.
Power wheelchair users’ ages ranged from 23 to 49 years, and
clinicians' agesranged from 34 to 55 years. Each of the 2 groups
of participants comprised 3 men and 2 women. All power
wheelchair users had a neurological condition, and 3 of them
had pressure ulcers in their buttocks region. They lived in the
community and used their device daily as their main mobility
aid for at least 8 years. Regarding their current usage of thetilt,
they al reported using it for either comfort or to prevent and
treat pressure ulcers. Moreover, 3 out of 5 users also mentioned
that they used tilt to avoid diding on their wheelchair, and 1
person mentioned easing transfers. The 5 cliniciansinterviewed
were all occupational therapists. One of them worked in a
neuromuscular disease program and the other 4 worked in
technical aid programs and services. Perceived experiencewith
technologies and the internet varied within the sample.

Table 2. Sociodemographic characteristics of power wheelchair users (N=5).

Sociodemographic characteristics Value
Age (years), range 23-49
Gender, n

Male 2

Female 3
Principal diagnosis, n

Cerebra palsy 3

Quadriplegia 2
Occupation, n

Employed 2

Unemployed 2

Student 1
Level of perceived experience with technology and theinternet, n

Inexperienced 1

Somewhat experienced 1

Very experienced 3
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Table 3. Sociodemographic characteristics of clinicians (N=5).

Campeau-Vallerand et al

Sociodemographic characteristics Value
Age (years), range 34-55
Gender, n
Male 2
Female 3
Level of perceived experience with technology and theinternet, n
Inexperienced 1
Somewhat experienced 3
Very experienced 1

Evaluation Outcomes

The 7 main themes of the conceptual framework by Baumel et
al [49] captured the viewpoints of users and clinicians. We
identified only 4 emerging subthemes, all of which represented

the clinical perspective, and they were regrouped under the
therapeutic persuasiveness and the genera subjective evaluation
concepts. Table 4 summarizes the participant’'s comments
regarding the Web-based monitoring system. These results are
presented in detail in the following paragraphs.

Table 4. Main participants comments about the power tilt usage monitoring system.

Baumel concepts Users  Clinicians  Interview results

(n=5) (n=5)
Usability (ease of use and ease of learning) 4 5 Physical components are convenient for daily use of the wheelchair

4 5 Web interfaceis easy to use

5 5 Some interactive functions of the Web interface are not intuitive
Visual design (appearance and visual quality) 4 4 System looks discreet on the wheel chair

3 1 Web interface could have more colors

4 2 Web interface could have larger fonts
Content (content provided or learned during theuseof 5 5 Web tilt goals are well presented to the user
the Web intervention)
User engagement (extent that the Web intervention 3 5 Personal tilt goa for the prevention and treatment of pressure ulcers
employs strategiesto attract and encourage its adoption) is appreciated

4 5 Reminder settings are not appropriate in certain contexts
Therapeutic persuasiveness (extent to whichtheWeb 5 _a Usersfelt that the tilt reminder would encourage them to tilt more
intervention encourages usersto make positive behavior often
change)

5 5 Color of the indicator lights according to the angle and the duration

of thetilt is appreciated
5 5 Feedback on the goal associated with the prevention and treatment
of pressure ulcers should not take the form of aglobal analysis

Therapeutic aliance (ability of theinterventionto create 4 4 Web interface is missing a space where users can share their experi-
an alliance with the user to bring about positive change) ence regarding the use of tilt with their clinicians
Genera subjective evaluation (potential anticipated 5 5 Participants felt that the goal of the Web intervention was met by the
benefit of the intervention for the target audience and current system
to the possible usage contexts)

— 5 Clinicians considered that the Web intervention would improve

postprocurement follow-up of tilt use

3ot applicable.

Usability
Regarding ease of use of the physical components of the system,

nearly all participants mentioned that the current configuration
of components allowed adequate daily use of the wheelchair.

https://rehab.jmir.org/2019/2/€13560
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However, they also mentioned several aspects that should be
considered during the configuration and installation of
components (eg, minimize the overall width of the wheelchair
and preserve the possibility to hang personal effects on the
backrest). Regarding the Web interface, most users claimed that
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the entire Web interface was easy to use and navigate. Similarly,
al clinicians reported that it was easy to enter the
recommendations within a reasonable time. Regarding
learnability, all users and clinicians had difficulties with
exploring some of theinteractive functions of the Web interface
at some point, particularly during consultation of their tilt goals
and their results. The participants attributed these difficulties
to the unintuitive aspect of the functions in question. Almost
all the participants (users: n=5 and clinicians: n=4) thought that
a training session that included a demonstration would be
necessary to learn how to use the system.

Visual Design

Almost all participants described the system as discreet when
installed on the wheel chair owing to its small size and the black
color of itsphysical components. All the participants appreciated
the general structure of the Web interface. However, some
participants would have liked to see more colors, particularly
during the consultation of thetilt goals, and others would have
preferred alarger font.

Content

Overal, 4 clinicians found that the reasons for the use of tilt
that were displayed in the recommendation entry screen
corresponded to those they would normally recommend, whereas
1 clinician mentioned that his practice was restricted to a few
onthelist. All the participants found that thetilt goals available
to users online were presented clearly and appropriately. All
the participants al so appreciated the clarity of the content of the
daily and monthly results of the different tilt goals, except for
those associated with prevention and treatment of pressure
ulcers. They would have liked the content of the results related
to this goa to include more explanatory information such as a
written summary of the graphics.

User Engagement

All the clinicians appreciated the ability to personalize the
recommended tilt goals according to the users’ needs such as
the choice of frequency, angle, and duration of tilt and
personalized text entry. Most of the participants appreciated
that the system let users set their own personal tilt goal in
addition to the goal recommended by the clinician for the
prevention and treatment of pressure ulcers. For example, 1 user
said:

It'sgood that you can set a personal goal for yourself

because sometimes the occupational therapist may

recommend something you are not really used to, but

with your personal goal you can calmly go about

reaching the recommended objective by increasing

your personal goal each day. [User-04]

Furthermore, 2 users who were less interested in adopting a
personal goal mentioned that they would not set apersonal goal
at the start of the intervention because they preferred to rely
solely on the objective recommended by the clinician.

All the participants appreciated being able to put the tilt
reminder in sleep mode at any time. However, aimost all of
them found the indicator lights and vibration motor of the
reminder irritating, too loud, or quite inappropriate in some

https://rehab.jmir.org/2019/2/€13560
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contexts (eg, at school, work, or the movies). Consequently,
they would have liked to be able to personalize the reminder
settings according to their preferences (eg, deactivate the
vibration motor of the reminder).

Therapeutic Persuasiveness

All users thought that the tilt reminder would encourage them
to tilt more often. One clinician (Clinician-01) described the
reminder as a mini coach in charge of motivating users to
achieve their tilt goals. In addition, all the users and clinicians
who were interviewed appreciated the fact that the indicator
lights installed on the reminder box changed color when the
user reached or exceeded the angle and duration of tilt set in
their personal goal. For example, 1 clinician (Clinician-02)
claimed that the synchronization of theindicator lightswith the
tilt parameters made the parameters much more concrete for
users and consequently easier to follow. However, most users
(n=4) would have liked to receivetilt reminders not only related
to the goal of prevention and treatment of pressure ulcers but
also concerning other tilt goals proposed by the intervention
(eg, reduce pain and improve postural control when moving)
because the degree of attention that these goals require varies
greatly during the day. Concerning the pertinence of results
regarding the daily and monthly use of tilt, most users (n=3)
mentioned that feedback available on the Web interface
represented an additional source of motivation to help them
achievetheir objectives. The 2 userswho did not sharethisview
stated that they would not be inclined to view their progress
online, but they would rely instead on the tilt reminder as the
single source of motivation to achieve their goals. Finaly, all
users said they would prefer that the feedback on the goal
associated with prevention and treatment of pressure ulcerstake
the form of an individual analysis of each of thetilt parameters
rather than aglobal analysis. For example, 1 user claimed:

In my feedback [on the goal associated with
prevention and treatment of pressure ulcers], | would
like to be able to isolate information regarding the
frequency, angle and duration of tilt so that | could
see where | need to improve more easily. Thisway |
could know if, for example, | have to work more on
tilt at a larger angle or if instead | should focus my
efforts on tilting at a higher frequency. [User-01]

Therapeutic Alliance

Thevast majority of clinicians (n=4) found that the formulation
of personal goals by users had a positive influence on their
recommendations regarding the use of tilt. According to 1
clinician who shared this view:

[ The personal goal] helps me better understand how
| as a clinician can give better recommendations
becauseif usersfind they are obtaining more benefits
with their personal goals, this means that my
recommendation was not totally adapted to their
needs. [Clinician-01]
Consequently, these same clinicians believed that setting
persona goalsfavorsthe creation of dialog between the 2 parties
and ultimately of a compromise between what the clinician
recommends and what the user iswilling to do. Finally, almost
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all the users would have liked to see a space on their Web
interface where they could share their daily and monthly
experience with the use of tilt with clinicians. In fact, 4 of the
5 clinicians interviewed confirmed that they would have liked
to have accessto thisform of user feedback becausethey viewed
it as an opportunity to support their clients as they strive to
achieve the desired behavior.

General Subjective Evaluation

All the participants confirmed that the intervention proposed
would favor optimal use of tilt by users. In addition, all the users
claimed that they would agree to use the system if it was
available. All the clinicians also believed that this monitoring
system would let them offer users more effective
postprocurement follow-up of tilt use. For instance, 1 clinician
mentioned:

| find it interesting that this type of system could offer
us information on the use of tilt because when users
leave the rehabilitation center, we don’t know what
they're doing with their tilt. When we meet themonly
every so often, without being in bad faith, they report
what they fed is pertinent. No matter how many
gquestions we ask, we will never get as much
information asthe systemcan provide. [Clinician-04]

However, similar to the users, the clinicians (n=5) would have
preferred that feedback on the goal associated with the
prevention and treatment of pressure ul cers take the form of an
individual analysis of each of the tilt parameters instead of a
global analysis. Regarding the feasibility of the intervention in
health care ingtitutions, most of the clinicians (n=4) claimed
that they would recommend this intervention at the beginning
of care to present specific problems such as the appearance of
pressure ulcers. In addition, aside from aclient at risk or dealing
with pressure ulcers, several clinicians (n=3) also found that
such a system would be particularly beneficial for userswith a
degenerative neurological condition, particularly because of the
many reasons obliging themto usetilt daily. Finally, 3 clinicians
emphasized that the use of this system should not be limited to
rehabilitation centers and that it should also be implemented in
community health care centers because they too have aroleto
play in postprocurement follow-up of power tilt.

Discussion

Principal Findings

The objective of this study was to perform a formative
evaluation of aprototype of asystem to monitor tilt usein power
wheelchairs. The main results suggested that the physical
components and the Web interface were easy to manipulate and
use daily. Participants appreciated the tilt reminder and the
ability to set their own performance goals. In addition, al the
participants expressed an intention to adopt the intervention,
and all of them claimed that the current prototype would favor
optimal use of tilt by wheelchair users. This confirmation
corroboratesthe findings of other studiesregarding the potential
benefits of atilt usage monitoring system[18,40]. Theclinicians
interviewed also believed that the intervention devel oped would
make postprocurement follow-up of power tilt more effective
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during different stages of care (preventive or curative), with
varied clients and in various practice settings.

Participants' positive evaluation of the personal goal iscertainly
one of themost original findings of our study for 3 main reasons.
First, users comments suggest that the personal goal could
serve as an action plan and consequently mediate the gradual
attainment of goals recommended by clinicians. Second, the
users’ opportunity to create an action plan also guarantees that
they can control the use of tilt. Thisaspect isimportant because
it has been established that for a power tilt usage monitoring
system to be adopted by users, they must not feel forced to
comply with the recommendations given [50]. Third, the
personal goal helps clinicians determine whether their
recommendations are truly adapted to the variability of users
daily occupations. In other words, the personal goa is the
representation of what the user is willing to do regarding the
use of tilt. Thisnotion of variability of daily occupations, unique
to each individual, isimportant for clinicians becauseit predicts
the real use of power tilt [8,18,29]. Thus, clinicians can better
judge whether they need to adjust the recommendations to
correspond with the user’s daily routine.

Concerning the tilt reminder, all the users mentioned that it
would encourage them to tilt more often. Thisclaim is coherent
with astudy of the effect of an audio reminder on repositioning
behaviorsin wheelchairslinked to the prevention and treatment
of pressure ulcers [51]. In addition, all the participants
appreciated the fact that the indicator lights installed on the
reminder box changed color when their tilt reached or exceeded
the angle and duration specified in their persona goal.
Therefore, this function meets a common need for al
participants because research has demonstrated that users and
cliniciansalikefind it difficult to associate the value of an angle
with an exact position of tilt without any cues[30].

This formative evaluation highlighted 3 main orientations for
improving the future development of monitoring systems for
power tilt-in-space wheelchairs. One important area of
improvement will be to personalize the reminder settings
(indicator lights and vibration motor) according to the context
(eg, at school, work, and the movies). This is consistent with
thestudy by Liu[52], which found that preferencesin the choice
of tilt reminder settings vary depending on the users' context.
Another important change isto ensure that the feedback on the
goal associated with prevention and treatment of pressure ulcers
takes the form of an individual analysis of each of the tilt
parameters rather than a global analysis. The initial prototype
presented a combined result of 3 tilt parameters (frequency,
angle, and duration of tilt) because this combination predicts
greater effectiveness at reducing pressure on the seat [17]. The
advantage of offering aglobal analysis of the attainment of this
goa is that participants know the proportion of tilts done
according to the 3 parameters of the personal and recommended
goals. However, in a context of training and follow-up of the
use of tilt, it is understandable that participants want to be able
to obtain feedback on the frequency, angle, and duration of tilt
separately because this would let them target and address any
problematic parameters. Finally, we should explore the
possibility of including a dedicated space in the Web interface
where users could notetheir daily and monthly experience with
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the use of tilt, similar to a logbook. The added value of this
space should be evaluated carefully by considering the potential
added burden on clinical follow-up and given the evidence of
the proven use of this function [53-56].

Limitations

This study has some limitations. First, only occupational
therapists were recruited. This choice is explained by the fact
that in Quebec (Canada), it is mainly occupational therapists
who evaluate clients’ functional needs and who ensure training
and follow-up of individualswho require mobility aids. It would
be interesting to explore whether other categories of
professionalswould offer different insights. In addition, knowing
that it could take several years before certain users consider
their power wheelchair as an effective meansto let them carry
out significant activities [57], no attempts have been made to
recruit new users of power wheel chairs, although clinicianswho
were interviewed identified these individuals as clients who
could benefit from the intervention. In fact, the way new users
of power wheelchairs experience the intervention may differ
from that of more experienced users and thus influence the
future development of the intervention. Finally, the conceptual
framework proposed by Baumel et a [49] that underpinned the
formative evaluation of our eHealth intervention puts more
emphasis on users, whose targeted behavior is expected to
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change following the intervention, than on clinicians, who help
users to attain the desired behavioral change. To fill this gap,
during the analysis, we added emerging themes related to the
needs identified by the clinicians. This conceptual framework
could be enriched by integrating the perspectives of the staff
who carry out the eHealth interventions.

Conclusions

This study aimed to conduct a formative evaluation and to
identify the functionalities needed by usersof power wheelchairs
and clinicians relative to a monitoring system designed to be
installed on al models of power tilt-in-space wheelchairs. The
results will orient the development of the prototype toward a
more customizable monitoring system, with a more attractive
and intuitive Web interface that favors communi cation between
users and their clinicians. A formative evaluation involving a
wider range of people such as new wheelchair users, users of
manual tilt-in-space wheelchairs, children, the elderly, and
family caregivers should be performed before evaluating the
refined prototypein areal environment (eg, at homeand in their
daily life). Further research will also be necessary to evaluate
if the intervention actually favors optimal use of tilt among
power wheelchair users and improves the postprocurement
monitoring offered by clinicians.
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Abstract

Background: While technology use in pediatric therapies isincreasing, there is so far no research available focusing on how
pediatric speech-language pathologists (SLPs) in the United States use technol ogy.

Objective: This paper sought to determine if, and to what extent, pediatric SLPs are using mobile apps, to determine what
purpose they are using them for, and to identify gaps in available technology to provide guidance for future technological
development.

Methods: Pediatric SLPs completed an online survey containing five sections: demographics, overall use, use in assessment,
useinintervention, barriers, and future directions.

Results: Mobile app use by 485 pediatric SLPs in the clinical setting was analyzed. Most (364/438; 83.1%) pediatric SLPs
reported using technology <50% of the time in their clinical work, with no differences evident by age group (<35 years and =235
years, P=.97). Pediatric SLPs are currently using appsfor intervention (399/1105; 36.1%), clinical information (241/1105; 21.8%),
parent education (151/1105; 13.7%), assessment (132/1105; 12%), client education (108/1105; 9.8%), and other uses (55/1105;
5.0%). Cost (46/135; 34.1%) and lack of an evidence base (36/135; 26.7%) were the most frequently reported barriers. Most
SLPs (268/380; 70.7%) desired more technology use, with no difference evident by age group (P=.81).

Conclusions: A majority of pediatric SLPs are using mobile apps less than 50% of the time in a pediatric setting and they use
them more during intervention compared to assessment. While pediatric SLPs are hesitant to add to their client’s screen time,
they would like more apps to be devel oped that are supported by research and are less expensive. Implications for future research
and app development are also discussed.

(JMIR Rehabil Assist Technol 2019;6(2):€13966) doi:10.2196/13966

KEYWORDS
mHealth; speech-language pathology; surveys; assessment; pediatric; treatment; technology
treatment, increase access to services, and lower costs [2-6].

On the patient side, mHealth applications have successfully
been used for education and behavior changes through direct

Introduction

Mobile health (mHealth) is heath information or medical

services that are delivered or enhanced through mobile
communication and information technology [1]. While its
traditional purpose is to support the collection and analysis of
hedlth-related information, mHealth al so encompasses agrowing
body of technologies that aim to support both the provider and
the patient [2]. For example, applications have been created to
enhance clinical decision making and diagnostics, improve

https://rehab.jmir.org/2019/2/€13966

messaging [7], and to engage patients in generating and
recording their own health data [8]. Mobile apps are cost
effective, accessible, and convenient, and along with the trend
of greater consumer involvement, mHealth is heading in a
compelling direction [9,10].

Technology use is rapidly increasing, and not just for adults.
Children are interacting with technology at home: more than
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half of parents have downloaded apps specificaly for their
children [11,12] and homes with children between 0-8 years
old who had a mobile device increased from 52% in 2011 to
98%in 2017 [12]. Tablet ownership specifically increased from
8% in 2011 to 78% in 2017 [12]. Schools are also integrating
technology into their classrooms. In 2010, the US Department
of Education began a National Education Technology Plan to
promote student-centered learning with technology, with the
goa of improving student achievement [13]. This plan was
updated in 2017 and reported a shift from focusing on whether
technology should be used to how it can best be used with equal
access [14]. They additionally reported progress in technology
use for personalized and adapted learning and assessment, on
increased education for teachers on how to use technology to
support user outcomes, on more classrooms with high-speed
connectivity, on the better design of learning spaces to
accommodate technology, and on the lower costs and increased
availability of high-quality educational tools [14]. In fact, in
2016, 81% of US PreK-12" grade teachers reported using
computers or laptops in their classrooms, 58% reported using
interactive whiteboards, and 52% reported using tablets [15].

Despite the obvious growth of mHealth in home, medical, and
educational settings, research supporting the outcomes of
mHealth in speech-language pathology is just emerging, and
research in the United States has been limited. Thereis a body
of research that has examined the use of game-based applications
for speech and language disorder intervention [16-21], as well
asemerging research on appsfor speech and hearing screenings
[22,23] and biofeedback [24]. Numerous studies report strong
child engagement and motivation with the applications, but
improvement in skillsand generalization of those skillsislimited
by methodology (ie, no control group) or is not reported
[16-21,24]. Infact, Furlong, Morris, Erickson and Serry (2018)
developed a protocol for evidence-based appraisal of mobile
appsfor speech sound disorders[25], and in asystematic review
of the Apple iTunes store and Google Play store for apps for
speech disorders they found only a small proportion of
applications that would be considered very high quality or
therapeutically beneficial [26]. There is early evidence for
creating applications that are better informed by ajoint team
approach that shows promise[27]. App use by speech-language
pathologists (SLPs) has been examined in both Slovenia and
Portugal, where SLPs have reported a positive perception of
technology and personal use, but a limited use for therapy
purposes [20,21,28].

However, despite the American-Speech-Language-Hearing
Association (ASHA) member newsletter having published
numerous articles about mHealth in clinica practice, ranging
from promoting specific apps [29-33] to advising clinicians
about how to incorporate apps into therapy [30,32,34,35], no
evidenceis available for how SLPsin the United States are, or
are not, utilizing mobile applications.

Itis clear that mHealth is agrowing trend, with children using
mobile and tablet devices at home and school. Furthermore,
thereis emerging evidence that suggeststhat how adultsinteract
with children during tablet use plays a strong role in their
effectiveness [36-39], and there is limited evidence for its
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efficacy in speech pathology outside of client motivation
[16-21,24]. Thus, it is of utmost importance to understand how
educators and clinicians are using mHealth with the children
they serve to develop improved, evidence-based technologies
and practices. Whileresearch on the use of mHealth and barriers
to adoption existsin other professions, such as among doctors,
nurses, and teachers, the usage of such technologiesinthefield
of speech-language pathology in the United States, specifically
pediatrics (birth-18 years old), has not been examined. Filling
this gap in knowledge is critical for the implementation of
mHealth into afield with numerous mobile application offerings
without substantive research on the population utilizing them.
Therefore, we aimed to understand if, and to what extent,
pediatric SLPsare using mobile appsin clinica practice, barriers
to use, and gapsin available technology. Thefollowing research
survey addresses these main questions:

(1) Do pediatric SLPs use technology in clinical
practice and what are the barriersto use;

and

(2) Do pediatric S_Pswant moretechnology available
and in which areas?

Methods

Development of the Survey

To answer the above research questions, an anonymous, open
survey was devel oped using Qualtrics Version 2017 (Qualtrics,
Provo, Utah), an online survey platform for academic,
administrative, and research purposes. Questions were crafted
to cover the aims of the study and allowed for forced choice,
select all that apply, side-by-side, and open-ended responses.
Survey questions were reviewed by two ASHA-certified SLPs
and were judged to have enough face and content validity.
Internal consistency was assessed for the primary technology
questions, which utilized aLikert Scale, by calculating Cronbach
alphausing SPSSversion 25 (IBM Corp, Armonk, New York).
Results showed that the Cronbach apha was high (0.85),
indicating that the primary technology questions were closely
related. Then, apilot study was deployed to further evaluate the
validity and comprehensibility of the questions. SLPs who
served as supervisors to graduate students in the university’s
SLP program were invited to participate in the initial survey.
The origina survey encompassed 50 questions across three
sections: demographics, technology usefor the clinician’sthree
most frequently seen populations, and asummary section about
if they desired more technology and the role of cost. Feedback
from the pilot study led to additions to the current survey,
including questions about barriers to use, factors that could
overcome those barriers, if they desired more technology, and
open-ended questions about specific technology they use.
Additionally, the original survey was broken down by primary
practice area, with different optionsfor how they use technology
based on each population. The fina survey improved flow,
incorporating broad optionsfor technology use, limitations, and
future directions, allowing all SLPs to provide answers for all
populations and allowing for easier comparison. Incorporating
the above changes, the final survey included 37 questions
covering five topics. demographic information, overall
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technology use, technology use in assessment, technology use
in intervention, gaps or barriers to use, and future directions.
The first two questions were related to inclusion criteria. Next,
nine demographic questions were asked related to age, race,
and work experience. The following 26 questionsrelated to the
main survey topic, technology use. Survey questions were
designed by the researchers. The termstechnol ogy, mobile apps,
and apps are used interchangeably in this manuscript and refer
to mHealth, specifically the mobile applications that can be
downloaded to a phone or tablet, not the devices themselves.
The term technology was chosen in the survey as SLPs are not
typically aware of the term mHeath. mHealth related to

Figure 1. Survey flow diagram.
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telepractice was excluded from this survey,
computer-assisted treatment.

as was

Thefinal survey questionswere not randomized, due to adaptive
guestioning. Adaptive questioning was used to reduce the
number of questions asked when they were not applicable. Due
to adaptive questioning, participants saw as few as two screens
(if they did not meet the first inclusion criteria) or as many as
11 screens based on their responses (including informed
consent). Each screen contained arange of oneto six questions
per page. Only inclusion criteria questions had to be answered
before moving on or completing the survey. Participants were
able to revise answers using a back button on the survey. See
Figure 1 for survey flow.

Informed Consent

Demographics
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Specific
Technology Use
Questions

If you use
technology "Yes,
all of the time"

Specific
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Other Technology
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https://rehab.jmir.org/2019/2/€13966

XSL-FO

RenderX

JMIR Rehabil Assist Technol 2019 | vol. 6 | iss. 2 |€13966 | p.69
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES

Survey Participants

Participants were recruited using convenience sampling through
advertisements on social media and direct emails to pediatric
practices from all fifty states. See Multimedia Appendix 1 for
the socia media announcements and emails.

Investigators posted to pediatric SLP-focused Facebook groups
on topics such as pediatric speech therapy, preschool SLPs,
early intervention SLPs, and school-based SLPs. The
announcement was also posted in research-based groups, such
as" SLPsfor Evidence Based Practice’. SLPsvisit these groups
to ask clinica questions, inquire about issues in the field,
provide ideas and resources to others, ask questions, present
recent research, and occasionally post job openings. Thus, most
survey participantswere engaged in socia mediaand continuing
education in the field. Additionally, private practices were
randomly selected using Google searches for “ pediatric speech
therapy + state name” for all 50 states. The first three listings
were emailed the email script (see Multimedia Appendix 1).
The survey was available online from November 14, 2017
through May 10, 2018. Inclusion criteria included being
ASHA-certified and currently working with a caseload of at
least 10 pediatric clients, to ensure the survey population was
made up of actively practicing SLPs who would have the
opportunity for experience with technology. This survey was
approved by the Northeastern University Institutional Review
Board before deployment. Informed consent was achieved by
having participants read and agree to the Informed Consent
before beginning the survey. Informed consent included
information about the investigators and their contact
information, the purpose of the study, the approximate length
of time to complete the survey, and data storage. Participants
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were cautioned that, due to the nature of the online survey, itis
possible they could be identified by IP address or other
electronic record associated with their response but that these
datawere not being actively collected by the investigators. The
survey was voluntary, but participants were able to enter a$100
Amazon gift card raffle in exchange for their participation.
Personal data was collected in the form of demographic
information, which remained anonymous, per the informed
consent. Only the investigators had accessto the survey portal.
Participants were asked to fill out a separate survey with their
name and email address in order to enter the raffle, the link to
which was listed at the end of the primary survey so that their
email was not associated with their response. A total of 621
responses were recorded, of which 518 were ASHA certified.
Of the 518 who were ASHA certified, 485 had a caseload of at
least 10 pediatric clients, resulting in astudy population of 485.
Per ASHA's 2018 year-end counts, 74,764 ASHA-certified
SL Ps worked with the birth-17 years old age range, thus this
survey represents only 0.65% of the population of certified
pediatric SLPs.

Participant Demographics

Participants reported demographic and practiceinformation (see
Table 1). Most participants were female (467/485; 96%), white
(434/485; 89%), and between the ages of 25-34 (252/485; 52%)
or 35-44 (128/485; 26%). Most reported working in a school
setting, although all work siteswere reported. Except for Hawaii,
Nevada, North Dakota, South Dakota, and West Virginia, all
remaining states were represented, including the District of
Columbia. See Multimedia Appendix 2 for demographic
characteristics of the sample.
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Table 1. Participant demographics (n=485).

Thompson & Zimmerman

Variable Value, n
Sex
Female 467
Mae 18
Age
18-24 14
25-34 252
35-44 128
45-54 59
55-64 22
65-74 1
Ethnicity
White 434
Black 8
American Indian or Alaska Native 1
Asian 17
Native Hawaiian or Pacific Islander 0
Other 15
Yearssince matriculation with Master's
0-3 120
4-7 118
811 81
12+ 154
Work site
Hospital-NICU2 S
Hospital-other inpatient 5
Hospital-outpatient 40
Private practice 83
School 227
Early intervention 74
Other 41
Primary age group working with
Birth to age 3 195
Preschool (age 3-4) 308
Early school (age 5-7) 297
Late elementary (age 8-10) 234
Middle school (11-13) 134
High school (14-18) 85

3NICU: neonatal intensive care unit.

Analysis
All entrieswere analyzed, including incompl ete questionnaires.
Questionnaires were not monitored for multiple entries or
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atypical time stamps before analysis. The survey sample was
judged to be representative, as it closely aligns with ASHA
membership demographics in terms of gender, ethnicity, and
work site, so weighting was not utilized. One notabl e difference
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is age, which was specifically analyzed using chi sguare
analyses. Age was divided into two categories of near equal
population size: age 18-34 years (n=254) and 35 yearsand ol der
(n=201). The average time participants spent on the survey was
22 minutes. The average progress (how much of the survey they
completed) was 88.2%. Of the 624 surveys opened, 482 were
completed, resulting in a completion rate of 77.2%. View and
participation rates could not be cal culated.

For questions with discrete answers, percentages for each
guestion were cal culated automatically using Qualtrics analysis
of responses. The survey aso included open-ended questions
about the participants’ barriersto use and desiresfor future use.
Coding and analysis of these responses followed an inductive,
iterative process inspired by grounded theory analysis, where
responses were analyzed for codes and these codes were then
iteratively clustered into higher-level themes[40]. For example,
for question 150, participants were asked, “What areas of SLP
technology would you like to see improvements?’ Responses
identified as encompassing codes such as: data, collection, data
collection, or documentation were grouped into atheme of ‘ data
collection’, and this was continued for all codes identified.
Following analysis, 26 themes were identified. For all
open-response questions, only themesthat included at | east two
respondents were reported. This analysis was completed for all
open-response questions.

Results

Aim 1: Do Pediatric Speech L anguage Pathologists
Use Technology in Clinical Practice and What arethe
Barriersto Use?

The first aim of the study was to understand if pediatric SLPs
are using technology in clinical practice. A total of 367/457
respondents (80.3%) indicated they use technology all or some
of thetime. Only 73/457 (16.0%) of the pediatric SL Psreported
rarely using technology, and 17/457 (3.7%) reported never using
technology. Therewas not a significant difference between age
groups in the use of technology (X21=O.221; P=.97). See
Multimedia Appendix 3 for more information.

Of those who did usetechnology, 223/438 respondents (50.9%)
used it during 0-25% of their clinical practice time, and atotal
of 364/438 respondents used technology during 50% or less of
their clinical practicetime. Therewas not asignificant difference
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in percentage of time used between age groups (X%,=1.024;
P=.79).

SL Pswho reported using technol ogy were asked how often they
used it for assessment and intervention specifically. For
assessment, 265/309 (86.0%) used it 0-25% of the time, with
no difference by age group again (X21:1.676; P=.64). For
intervention, SLPs used technology more often, with 125/307
(40.7%) reporting using it 0-25% of the time, but 127/307
(41.3%) reported using it 26-50% of the time. Only 39/307
(12.7%) used it 51-75% of the time. and 16/307 (5.2%) used it
75-100% of the time. Again, no significant difference was

detected in use during intervention by age (X2,=0.0817; P=.84).
Overall, most SLPs did use technology but they did not use it
during most of their clinical work.

Pediatric SLPs were also asked about what purposes they felt
technology was most useful for in a select all that apply type
of question. Intervention was most frequently cited (39.0%;
362/929 responses), followed by parent education (17.7%;
164/929), looking up clinical information (ie, developmental
norms, treatment techniques) (17.3%;161/929), assessment
(11.6%; 108/929), and client education (11.3%; 105/929). Of
those who selected other (3.1%; 29/929), a keyword analysis
revealed most pediatric SLPs found technology useful for
motivation (6/929), augmentative and aternative communication
(5/929), and home practice (3/929). Pediatric SLPs were also
asked what they are currently using technology for in a select
all that apply type of question. Results from a total of 1105
selections were like their ratings for usefulness, and are listed
inorder of prevalence: intervention (36.1%; 399/1105), clinical
information (21.8%; 241/1105), parent education (13.7%;
151/1105), assessment (12.0%; 132/1105), client education
(9.8%; 108/1105), and other (5.0%; 55/1105). It is interesting
to note that SLPs are currently using apps for what they feel
they are most useful for (see Figure 2).

Barriersto technology use was addressed by two questions. The
first was a check all that apply type of question, with cost
(34.0%; 46/135 responses) and lack of an evidence base (26.7%;
36/135) most frequently reported. Technology not being relevant
to their population (13.3%; 18/135) or clinical area (9.6%;
13/135), and not being broad enough to use with a variety of
clients (3.7%; 5/135) were not major barriers. Interestingly, 17
pediatric SLPs reported no barriers to using technology (see
Figure 2 [SS3] [KT4]).
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Figure 2. Speech-language pathologists' ratings of the most useful (dark gray), most used (medium gray) and areas where more technology is desired
(light gray) across intervention, parent education, clinical information, assessment, client education and other.
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An open-ended question about barriers was also presented to
discover additional obstacles. Based on a keyword/theme
analysis of text responses, 34/131 responses included concerns
about not wanting to add to the screen time kids are already
getting. Additionally, 11 responses reported anecdotal evidence
of children having atough time transitioning away from screens
and 17 responses conveyed feelings that speech and language
therapy should be focused on face to face interactions. Other
frequently cited concerns included: recommendations for no
screentimein early intervention (14/131), not having accessto
technology (13/131), cost (10/131), focusing on play (10/131),
and lack of awareness about which apps to use (6/131).

Aim 2: Do Pediatric Speech Language Pathologists
Want M ore Technology Availableand in Which Areas?

Thelast section of the survey examined gaps in the availability
of technology and future directions. Most pediatric SLPs,
268/380 respondents (70.5%), indicated they wished that there
was more technology available “all or some of the time”. This

was not affected by age (X2,=0.974; P=.81).

In a select al that apply type of question with 925 total
responses, pediatric SLPsdesired additional or better technology
for: assessment (214/925), parent education (205/925), data
recording or viewing (194/925), intervention (180/925), clinical
information (120/925), and other (12/925). Pediatric SLPswere
also given the opportunity to expand through an open-ended
guestion. Key words and themes extracted from text analysis
indicated a strong interest in apps for data collection (11/925),
less expensive apps (7/925), evidence-based apps (7/925),
language apps (6/925), and customizable apps (4/925). Finally,
in a select al that apply type of question, pediatric SLPs
indicated they would be more likely to use apps if they were:
evidence-based (51/202 responses; 25.3%), cheaper (28/202;
13.9%), targeted a specific skill (27/202; 13.4%), or were
endorsed by ASHA (25/202; 12.4%). Less than 10% were
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interested in apps that were: customizable, broadly applicable,
visually enhanced, easier to use, or games that kids were
interested in.

Discussion

Primary Findings

The purpose of this study wasto elucidate the practice patterns
of pediatric SLPsin the United States, using mobile technol ogy,
to frame the development of future technology for this field.
Specifically, wewereinterested in barriers and desiresfor future
technology. We found that pediatric SL Pswere using technology
in practice less than haf of the time and most frequently for
intervention. Pediatric SLPs wanted more evidence for
technology use, as they had concerns about screen time and
how this may impact development, and they felt that children
needed morefaceto faceinteractions. They were also concerned
about cost. Pediatric SLPs were interested in more technology
that focuses on aiding the clinician rather than the child, such
as apps for data collection, assessment protocols, and parent
education. There was no difference in technology use or desire
for future technology based on age group, which is somewhat
surprising as research shows younger people are morelikely to
use mobile technology in general [41], and some research has
shown that age is a significant factor in whether teachers use
technology [42-45]. However, other, more recent studies suggest
that age, or years of experience (typically concurrent with age),
are not a significant factor in technology use because young
teachers are focused on issues of classroom management and
course development, with limited resources left to integrate
computers despite their personal experience [46,47].

The recurrent theme across responses was a concern about
screen time and the lack of an evidence base for using
technology with children. Pediatric SLPs responding to the
survey cited concerns about kids getting too much screen time
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or pointed to the fact that some popul ations they work with have
difficulty transitioning from tablets back to nontablet-based
activities, which can hinder the therapy session. Often pediatric
SLPs cited the American Academy of Pediatrics (AAP)
recommendations that screen time should be limited for infants
and toddlers, aswell asfeelingsthat speech-language pathol ogy
treatment should focus on play and face-to-face interactions.
While the AAP recommends no screen time for children less
than 18 months and limited screen time (1 hour/day), with a
focus on educational programming and coviewing for children
18 monthsto 5 years, the National Association for the Education
of Young Children supports the developmentally appropriate
and intentional use of technology in early childhood education
[48,49]. These conflicting recommendations may challenge
pediatric SLPs, particularly when working with the pediatric
population where most decisions are made by the parents.

Overall, data shows that how teachers and parents integrate
technology with children [36-39], features of the app [36,50],
and age [15,51-58] have a strong impact on how effectiveit is.
The available evidence suggests that using technology with
children over three years old can support learning and improve
motivation when used appropriately and scaffolded by an adult.
Given these conclusions promoting the efficacy of technology
use, it is critical to understand and address the barriers to
technology use for pediatric SLPs. Research on barriers for
teachers can help frame the discussion for pediatric SLPs. For
example, Ertmer et a [59-61] proposed two types of barriersto
technology use: extrinsic (ie, lack of: access, timeto learn and
use, training, or support) and intrinsic (ie, beliefs, comfort,
perceived value) [62]. Other studies have since corroborated
these barriers. In this survey, pediatric SLPs cited intrinsic
barriers most frequently (beliefs, perceived value, lack of
evidence base) as well as extrinsic (cost). Teachers (and
presumably pediatric SLPs) have the potential to be positive
mediators of the effects of technology on student learning but
may not be effectively integrating it into teaching [63,64]. For
example, teachers have been found to use technology for
homework, communicating with parents, or preparing class
materials, but not for direct student teaching [65-67]. While
pediatric SLPsin thissurvey cited intervention asthe most used
and useful purpose for technology, they cited similarly indirect
usage as well, such as using and finding apps most useful for
clinical information and parent education, and desiring more
technology for indirect activities like data collection. This is
not surprising given the limited evidence base for speech- and
language-specific applications for use in a therapy setting.
However, mobile app use has been shown to increase enjoyment,
motivation for, and compliance with therapy in children
[16,18,21,23]. Furthermore, proponents of mobile apps for
pediatric SLPs suggest apps can help supplement or increase
practice time and enhance afamily’s engagement with therapy,
enhancing the efficiency of traditional therapy [25,68]. There
isearly evidence for an evidence-based, joint team approach to
app development for speech sound disorders that may offer a
solution to this problem [27]. It will be important to consider
inwhat contexts apps may be most useful, whether at home for
carryover or in the therapy room.
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There are a few simple steps that should be taken to increase
technology use with SLPs working in a pediatric setting. One
is creating and disseminating speech-language therapy specific
evidence to support or refute the appropriateness of using
technology in speech language pathology assessment and
intervention. This will require research into a variety of types
of apps and populations, which could take a great deal of time,
with limited generalizability for thosein the clinical field. This
is a broad area that needs to be addressed for a variety of
applications, populations, age groups, and settings. Treatment
applications that are specifically for use by parents as home
carryover and have similarly established efficacy need to be
developed.

Applications that offer easy to follow instructions and targets
or prompts that the SLP can modify for the family to fit the
child’'s needs would be beneficial. Another barrier to address
is cost; reducing the cost or offering free trials of apps could
encourage pediatric SLPs to try apps with their clients, as the
majority of pediatric SLPs reported that they are not provided
abudget for materials from their place of employment.

Finally, there is an opportunity for development of apps that
are adult-facing rather than child-facing, such as apps for data
collection, assessment, and parent education. Pediatric SLPs
arein acritical position to use technology to enhance a child's
learning and generalization and to educate parents about how
to best choose and use apps for their children, as it is evident
children are using technology at home regardless of evidence
base [12]. Results from this study suggest that extrinsic and
intrinsic barriers to adoption are impacting technology use in
thisclinical field.

Limitations

There are some limitations to this survey that should be
acknowledged. The survey was distributed through email lists
and Facebook groups, so participants were already engaged
with technology. We were not ableto reach pediatric SLPsfrom
al 50 states, and although 45 states were represented, the
number of respondents for each state were not proportional to
the population. Our participant demographics closely matched
those reported by ASHA interms of gender, ethnicity, and work
site, but one notable difference was our participants were
younger than most ASHA members[69]. Whileresearch shows
younger people are generally more likely to use mobile
technology, our analyses revealed no difference in technology
use or opinions in younger (34 years and under) and older (35
years and older) age groups, consistent with recent research on
teachers' technology use [41,46]. Additionally, we had a
primarily white sample (434/485; 89%), which can limit the
generalizability of our findings. Thisisnot surprising, however,
as ASHA reports 79% of certified speech-language pathol ogists
are white; there is little diversity in the field. Our sample size
of 485 was reasonable, but only represents 0.65% of the
population of certified pediatric SLPs. Thus, generalizability is
limited. Future studies should explore key themes with larger
populations and examine the impact work site, years of
experience, and location on technology use. While technology
was defined at the start of the survey, it is possible that
respondents did not read or remember this definition while
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taking the survey. Asaresult, some may have considered other
specific technologies, like fiberoptic endoscopic evaluation of
swallowing or augmentative and aternative communication
devices, when answering, which could impact results. Future
surveys should offer repeated statements of this definition at
the start of each section. Despite these limitations, these results
are judged to be representative of the target population, given
our study population’s demographics and additional analysis
by age group, and offer an early glimpse into the thoughts of
pediatric SLPs feelings toward emerging technology. Future
studies should more specifically examine subsets of the pediatric

Thompson & Zimmerman

SLP populations as well as attempt to reach those not already
engaged in socia media.

Conclusions

A magjority of pediatric SLPs reported using mobile apps less
than 50% of the timein a pediatric setting and used them more
during intervention compared to assessment. More research is
needed to elucidate the effectiveness of mobile appsfor speech
and language therapy, to reduce costs, and to develop apps for
data collection and parent education to address the barriers to
technology adoption in this population.
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Abstract

Background: People with spina cord injury (SCI) are at higher risk for numerous preventable chronic conditions. Physical
activity is a protective factor that can reduce this risk, yet those with SCI encounter barriers to activity and are significantly less
likely to be active. Limited evidence supports approaches to promote increased physical activity for those with SCI.

Objective: Building upon our previoustheory- and evidence-based approach to increase participation in regular physical activity
for those with SCI, this study aimed to use a participatory action research approach to translate a theory-based intervention to be
delivered via the Web to individual s with SCI.

Methods: A total of 10 individuals with SCI were invited to participate in consumer input meetings to provide the research
team with iterative feedback on an initial website designed as a platform for delivering a theory-based exercise intervention.

Results: A total of 7 individuals with SCI whose average age was 43.6 years (SD 13.4) and lived an average age of 12.5 years
(SD 14.9) with SCI met on 2 occasionsto provide their feedback of the website platform, both on theinitial design and subsequently
on the revamped site. Their iterative feedback resulted in redesigning the website content, format, and functionality as well as
delivery of the intervention program.

Conclusions. The substantially redesigned website offers an easier-to-navigate platform for people with SCI with greater
functionality that delivers information using a module format with less text, short video segments, and presents more resources.
Preliminary testing of the site is the next step.

(IMIR Rehabil Assist Technol 2019;6(2):€13441) doi:10.2196/13441

KEYWORDS
internet; exercise; intervention; spinal cord injury; community-based research

Introduction

Background

Clinical practice guidelines published by the Consortium for
Spinal Cord Medicine recognize that people with spinal cord
injury (SCI) face grester risk for cardiometabolic disease (CMD)
than the general population. CMD refers to the presence of at
least 3 of 6 chronic disease risk factors that include abdominal

http://rehab.jmir.org/2019/2/e13441/
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adiposity, dyslipidemia, hypertension, insulin resistance or
glucose intolerance, proinflammatory state, and prothrombotic
state [1]. The consortium posits that CMD may be more
challenging to treat in those with SCI than the general population
and advocates for aggressive prevention. Lifestyle intervention
is recommended as the first line of treatment to reduce CMD
risk, with a focus on nutrition (ie, follow a heart-healthy diet)
and physical activity. Furthermore, the consortium strongly
recommendsthat peoplewith SCI do at least 150 min of physical
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activity each week beginning as soon as possible after acute
SCI [2], inlinewith national physical activity guidelinesfor all
Americans[3].

Nevertheless, evidenceislimited regarding effective approaches
to promote regular participation in physical activity for people
living with chronic SCI. Although several studies have examined
barriers to physical activity that people with SCI face, people
living with SCI encounter lack of accessto timely and quality
health information (eg, SCI-related medical issuesand regarding
fitness or health promotion) [4] and have fewer opportunities
to engage in community-based physical activity than those
without a disability [5]. Vissers et a [6] and Levins et a [7]
reported that people with SCI described both environmental
barriers such as inaccessible buildings, lack of available
programs, and societal attitudes aswell as personal factors that
were barriers such as physical and mental health problems and
concerns about body image [6]. Transportation continues to be
aleading barrier to participation for peoplewith SCI [8,9] across
various health-related lifestyle changes, including physical
activity. Given pervasive transportation difficultiesfacing people
with SCI, the internet may offer a feasible and promising
approach to help bridge the transportation barrier in delivering
interventions that promote health for people with SCI.

The Potential of Internet Usefor | ntervention

Theinternet has dramatically transformed how we conduct our
daily lives, and according to the Pew Research Center [10],
nearly 9 in 10 adults reported accessing the internet in 2018.
Nearly three-quarters (73%) of Americans have home broadband
access, and 37% of Americansreport using smartphones astheir
primary means of accessing the internet [11,12]. Although
people with SCI report lower rates of internet access, 2 studies
[13,14] published in the last decade indicate that 65% to 70%
people have computer access, and most of these individuals
(63%-92%) use the internet.

Thus, the internet offers a potentially promising platform to
connect with individualsliving with SCI who face transportation
barriers and reside in communities with fewer accessible
physical activity options. The internet is increasingly used to
deliver relatively low-cost health behavior change programsto
populationswith chronic health problems such as diabetes[15],
cancer [16], and asthma [17]. Furthermore, the internet has
successfully been used to promote physical activity [18]. Despite
increased use among people with SCI [14,19], there has been
substantially less use of theinternet to connect with people with
SCI. Yet, a handful of internet-based studies have been
conducted over the last 3 years that have provided participants
with SCI 8to 12 weeks of website accessthat included physical
therapy education [20], taught self-management strategies to
increase frequency of intermittent catheterization [21], reduced
depressive symptoms[22,23], and reduced pain [22,24]. Ancther
study delivered a single 60 min Web-based program to provide
transfer training [25]. The others delivered educational content
viathe Web and provided participants with weekly phone cals
[20,21,23,24] or email [23,26] by astudy staff member. Several
taught self-management strategies[21-24], and one used audio
[22] and 2 used videos[22,24] to help participantsvisualizethe
lessons. Although not an internet-based intervention, researchers
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tested the effectiveness of delivering an 8-week telehealth
program where participants received weekly one-on-one video
conference calls with a counselor to promote leisure time
physical activity that yielded significant increases in
self-reported leisure time physical activity [27].

Although the internet remains an underutilized strategy for
reaching and delivering health promotion programs for those
with SCI, these initia results of technology use for delivering
health education to people with SCI are promising [20]. This
paper has described the process and outcome of using a
participatory action research (PAR) approach to trandate a
theory-based, telephonic intervention that targeted increased
participation in regular physical activity to be delivered in a
group-based setting over the internet.

Methods

Design

Workout on Wheels Telephone I ntervention

Our Workout on Wheel sinternet intervention (WOWii) program
trand ated atheory- and evidence-based 6-month health behavior
intervention, Workout on Wheels (WOW), whichwas originally
tested with a sample of wheelchair users, in a randomized
controlled trial [28]. The WOW program was delivered using
the combined approach of convening a group-based, day-long
educational kick-off session followed by one-on-one telephone
cals by intervention staff over 12 months. The formal WOW
curriculum was delivered over 6 months, with the core
curriculum presented at the workshop plus over 4 months of
weekly one-on-one phone calls that tapered over months 5 and
6.

WOW tria participants received a binder of written materials
to review during the 6-hour educational kick-off workshop. The
WOW tria yielded significant between group differences in
time spent in aerobic exercise; however, the intervention group
achieved only one-third (approximately 55 min) of the
recommended 150 min of weekly cardiovascular activity [28].
WOW participants were observed making social connections
at the educational workshop, asked when they could meet again
as agroup, and expressed interest to stay connected with their
peers after the intervention. Thus, WOWii isadirect adaptation
of the evidence-based self-management WOW program to a
platform where it could be delivered in a group-based format
over the internet.

Modified Workout on Whe€ls | nternet | ntervention

The prototype WOWii website comprised material from the
WOW program. The site provided a menu with 8 selections: a
home page (featuring images of wheel chair users, an indicator
of the user’s achievements in completing exercise planning
tasks, and group meeting reminder and hot link), an exercise
guide (eg, describes the health benefits, addresses exercise
barriers exercise, exercise options for individuals with
disahilities, safety issues), linksto engage in exercise planning
tasks (eg, goal setting, identifying exercise barriers and
solutions, listing support people, describing reasonsto exercise,
tracking exercise, solving barriers to exercise, exercise goals,
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and exercisetracking), link for tracking their exercise, resources
(eg, short bios with pictures of wheelchair users and their
exercise programs), achievements, a discussion forum, and
leaderboard. The WOWii prototype site images are displayed
in Multimedia Appendix 1. The website contained substantial
text from the written materials distributed in the previous tria
that addressed the health benefits and safety considerations of
physical activity (accompanied by images of wheelchair users
engaged in various sports and physical activities) and steps to
develop and complete their individual exercise plan.

WOWii was abridged to a 16-week program that allows
adequate time to teach the curriculum and members to get to
know one another. The vision of WOWii was to retain the
content and approach of explicitly teaching individuals with
SCI self-management strategiesto start and maintain an exercise
program, while harnessing the power of peer support to facilitate
conversation that allows individual s the opportunity and venue
to sharetheir knowledge, barriers, and successes asthey initiate
a new health behavior. WOWii includes 2 interactive
components: (1) an internet site that allows self-directed learning
via electronic modules organized with weekly content and (2)
online group meetingsto discuss and practice the weekly lessons
facilitated by study staff.

PAR offers an approach to invite members of the community
of interest to collaborate with the research team, which increases
the relevance and ease of use of the research approach,
procedures, and outcomesfor thetarget group [29]. We selected
to follow a PAR framework to develop a partnership with
individuals living with chronic SCI to ensure that the WOWii
website and its content, including the language, layout, and
functionality, accurately and adequately addressed the interests
and needs of people living with SCI. Focus groups and
interviews represent 2 of the most common methods used in
PAR to generate data. Gathering people with characteristics
similar to the study population into one-on-one meetings or
small groups of 7 to 12 provides ideal settings for individuals
to discusstheir perspectives and concernswith researchers. This
approach allows researchers and members of the target
community to collaborate on addressing a common goal [30].

Recruitment

Former SCI inpatients from our rehabilitation hospital who
provided written consent to be contacted for future studieswere
emailed or handed aflier inviting them to participate in focus
group mestings. Interested individuals contacted a study staff
member to learn more about the study and enroll if digible.
Eligibility criteriaincluded individuals between the ages of 18
and 65 years; had SCI for at least six months, that is, at a C6
level or below that requires wheelchair use; and have accessto
a computer with internet access. Injury level was included to
help ensure that potential participants would have the finger
function necessary to independently navigate the website. No
criteriawere established regarding physical activity participation
to ensure those who were both active and inactive participated.
Participants completed a 4-item physical activity history
guestionnaire that asked about their activities postinjury: (1)
did any moderate or vigorous physical activitiesthat caused an
increase in their breathing or heart rate, (2) the number of days
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per week, (3) the number of minutes per day, and (4) the type
of activities performed.

Consumer Input and Data Collection and Analysis

Input was provided by 7 people with SCI over 2 rounds of
individual and group meetings. Our approach for incorporating
their input was informed by qualitative approaches to identify
common themes. During the first round of input, participants
provided feedback on the WOWii site. The research team
convened 3 sessions (each with 1 to 4 people) for individuals
to share their feedback and offer input about the content and
usability of thewebsite'sinitial design. Participantswere asked
to review the website for at least 30 min on their own before
the first meeting to allow adequate time to engage in
brainstorming activities, generate novel ideas, and provide
comments about the existing content.

Facilitators led a semistructured conversation following the
Liberating Structures approach to yield generative, open
discussions. Liberating Structures [31] emerged from business
as an dternative approach to traditional meetings that can
includeinflexible power dynamicsthat may discourageimpartia
feedback. The Liberating Structures framework was first used
to permit frontline workers to have more opportunities to work
together to develop and offer innovative ideas with their
leadership. The facilitators chose this approach to best aign
with the overall PAR framework centering on the participants
lived experiences and empowering them to partner with the
researchers in the website redesign process. The facilitators
used the 1-2-4-ALL design and the 25/10 Crowd Outsourcing
approachesduring thefirst half of theinitial sessionto facilitate
discussion. The 1-2-4-ALL design asked the group to respond
to an open-ended question by spending 1 min alone, 2 minin
pairs, 4 min in foursomes, and then 5 in the entire group. This
time-limited approach produced several ideas and helped to
keep the focus group meeting on schedule. The 25/10 Crowd
Outsourcing approach asked participants to envision their
boldest response to an open-ended question and write it on an
index card. The cards were passed to other group memberswho
then scored their ideas on a scale of 1 (low) to 5 (high). The
cards were passed around for 5 scoring rounds, then the
facilitator asked which participants were holding cards with a
score of 25. The facilitators continued to ask for the highest
ranked ideas in decreasing ranked order (eg, scored 24, 23,
22...) until the top 10 ideas were collected. This approach
allowed the facilitators to understand what type of website
design the participants envisioned and to gain a sense of which
ideas were most salient. Participants responded to questions
such as “If money wasn't a limitation, what would you create
onthiswebsite?’ During thelast half of the session, participants
were asked to identify their primary likes and didlikes and rate
the credibility of information and ease of use of the website.

The facilitators took written notes and audio recorded each
session for reference purposes to ensure that handwritten notes
shared with the larger research team were complete. The team
reviewed comments from the recordings and notes, and then
grouped the commentsinto categories based on thematic content
that emerged. Comments were broadly organized based on
recommendations to add, revise, or delete content. The team
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discussed all suggested changes and then prioritized the
recommendations, giving greater weightage to modifications
that were likely to have greater impact on changing behavior,
given the time and budgetary constraints that prevented our
implementing all recommended changes. The team worked
closely with the website devel oper to execute suggested changes.

A second round of 90-min meetings with the origina
participants (2 separate meetings to accommodate the 7
individuals schedules) were convened to obtain feedback on
the new WOWii design, content, and appearance. Participants
reviewed the website content while it was projected onto a
screen to facilitate group discussion regarding whether the
changes achieved their intended purpose and gather additional
comments. Unfortunately, owing to time and funding constraints
in meeting our timelines, the participants did not receive the
website link to explore the revised site before the meeting.
Participants provided substantially fewer recommendations
during this feedback round. Their comments about the
redesigned website concentrated on the flow and functionality
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of the site and predominantly addressed how to refine the new
content.

Results

Overview

A total of 7 individuals who lived an average age of 12.5 years
(SD 14.9; range 1-42 years) with SCI provided input. All
individuals used a manual wheelchair, most experienced
paraplegia (n=5), although 2 had tetraplegia. More than half
weremale (n=4), al werewhite, and their average age was43.6
years (SD 13.4; range 26-60 years). Individuals in the sample
were well educated, having earned a bachelor’s degree (n=4)
or greater (n=3) and more than two-thirds (71%, 5/7) were
employed. Participants suggested an array of website
enhancements that were characterized as being in 1 of 3
categories: (1) design, (2) content, and (3) functionality and
program delivery, presented in Table 1 organized by which
round the feedback was provided. These enhancements are
described in detail in the following paragraphs.
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Table 1. Consumer input participants (n=7).
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Demographic Characteristics Values
Sex, n
Mae 4
Female 3
Age (years), mean (SD) 43.57 (13.40)
Time since injury, mean (SD) 12.50 (14.94)
Spinal cord injury, n
Quadriplegia 1
Paraplegia 6
Race, n
White 7
Ethnicity, n
Hispanic 1
Non-Hispanic 6
Marital status, n
Married 4
Widowed 1
Never been married 2
Education, n
Bachelor’s degree 4
Master's degree 2
Other graduate degree 1
Employment status, n
Not currently employed 1
Employed part-time 3
Employed full-time 2
Household income (US $), n
20,000-24,999 1
60,000-69,999 1
100,000 or more 4
Report being physically active since injury (n=4), mean (SD)
Days spent in moderate or vigorous activity 3.0(2.3)
Minutes spent in moderate or vigorous activities® 112,50 (102.07)

8Activities reported: wheelchair tennis, rugby, hand cycling, swimming, wheeling, and weight training.

Design Changes

The most substantial changes made to the website design
addressed participants concerns about the organization and
flow of site content. Participants strongly encouraged the team
to provide users aroadmap by reorganizing the content to clearly
indicate the order in which someone should review information.
The website was substantially redesigned, with the focus on
easy-to-navigate weekly learning modules that covered topics
designed to introduce and teach self-management strategies (eg,
setting goals, tracking progress, rewarding success, addressing
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barriers, and solving problems) that would facilitate developing
a redlistic exercise plan that considered changes they would
make to their daily routine. Each module introduced the topic,
provided examples, and included a theory-based skill building
activity for participants to practice. The origina WOWii
included the same self-management topics, and the redesign
targeted the format for presenting the content within the modules
(see Table 2 and Figure 1). Topics covered in each module
(module topics listed in Table 3) will be the topic discussed in
that week’s virtual session, which will be delivered using a
commercialy available communication platform that allows
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videoconferencing such as Skype, Zoom, or WebEx. The
participants al so discussed allowing individual usersto interact
with each other on the site. Although budget and time constraints
prevented adding thisfeature, the team recognized that an array

Coleet a

of options outside the site do allow for this type of interaction.
Thus, the study team opted to create a private Facebook group
that participants could join and would be moderated by a
WOWii researcher.

Table 2. Website changes recommended during each round of participant meetings.

Categories Round 1 Round 2
Implemented Not implemented Implemented Not implemented
Design «  Addroadmap for users o  Allow user interaction __a —
«  Present content using e-
modules
«  Enlargefont
« Add option to customize
profile photo
Content Reduce volume of text « Addcaendar of events «  Add motivational statements —
Add videos «  Provide accountability «  Add peer intro videos

Provide additional resources
Provide YouTube links

partners

Functionality and  «
program delivery

Addfederd legidationinfor-

mation .

« Include peer mentorsin de-
livery

«  Add'Ask the Expert' link

o Offertext remindersfor ex-
ercise

*  Display weekly PA® goals
in relation to PA achieved

«  Optimize site for mobile

Assess stage of change
Add calorie burn guide

«  Created adownloadable pdf of re-
sources

*  Delete RPE? scale asintensity indi-
cator

«  Add more graphics

access
Edits — — . Makewording changesin modules —
«  Recommend formatting changes
. Simplify language
8ot applicable.

bRPE: Rating of Perceived Exertion Scale.
°PA: physical activity.
Figure 1. Website screenshot of modules and resource tabs.
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Table 3. List of module and virtual session topics.
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Month and week Topic
Month 1
1 Getting started
2 SMART? goals
3 Barriers
4 Enlisting support (who and how)
Month 2
5 Accountability
6 Making exercise a priority
7 Having fun
8 Overcoming roadblocks
Month 3
9 Benefits of exercise
10 Staying motivated
11 Revisiting goals: are your goals realistic?
12 Managing stress
Month 4
13 Problem solving
14 Advocating for yourself
15 Enhancing support networks
16 Planning for exercise maintenance

8SMART: Specific, Measurable, Achievable, Realistic, Timely.

Content Changes

The main content changes that participants encouraged were
reducing the volume of text and using images and videos to
convey that content. After the redesign, all 16 e-modules
included a short video segment (eg, 1 to 3 min) that featured
various people who experienced spinal cord dysfunction and
who are vocal advocates or disability researchers. Each video
addressed a specific aspect of the week’s topic, such as ideas
for helping to make or keep exercise fun. Bulleted text appeared
beside the videos to highlight the main points the speaker
addressed during the segment. Each person featured in avideo
gave a brief video introduction of themselves and were placed
on the Peer Mentor tab. Changes implemented were guided by
the Agency for Healthcare Research and Quality’ s health literacy
toolkit [32] to ensure usability for consumers from varying
backgrounds (eg, levels of education). Site changes used
simplified language, large text, and more images to facilitate
access and understanding for the average user.

http://rehab.jmir.org/2019/2/e13441/

The participants also recommended compiling additional
resources that could be displayed on the website and to where
participants could refer if they had questions about equipment,
facilities, or their rights as a person with a disability. The array
of ideas participants generated included adding resources to
facilitate participants’ access to activities and programs to
support exercise adoption. To address this, the team compiled
a list of local resources for physical activity that included
accessible gym and recreation facilities and local durable
medical equipment suppliers, added embedded links to
accessible exercise videos (eg, seated yoga and wheelchair
dance; see Figure 2); provided informational resources that
included descriptions of disability-specific legislation (eg,
Americans with Disabilities Act and Fair Housing Act); and
listed contact information for governmental and social resources
(eg, independent living centers and disability magazine). These
were added viatabs that run across the top of the Web page.
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Figure 2. Resource pages.

Paen Tiremid & Poriagricin Baitanati it Fou' Mwsiiin 4

Saated Toga

[T g Ry TR T

Coleet a

Fad frmi Pl Fighata Aok theis F ot

e e T T L

Enaw your Rights: Disakility Legksiation

Armaticann Wi Disbaliliey At (ADA

Program Delivery and Functionality Changes

The main change related to program delivery was to include
people with SCI as part of the team helping guide participants
through WOWii as they begin and follow through with their
exercise program. On the basis of this input, the study team
invited 2 people (1 male and 1 female) with SCI who are both
regularly physically active to formally servein the role of peer

http://rehab.jmir.org/2019/2/e13441/
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mentorsand be paid an annual stipend to servein this consultant
role (Figure 3). The mentors have severa explicit roles in the
project which include helping to colead several of the virtual
weekly modules, facilitate online group discussions during these
sessions, be available to answer questions submitted to the
website's WOWii Ask the Expert button, and provide support
by phone to WOWii participants who may be struggling with
their exercise program.
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Figure 3. Mentor page.
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A total of 3 new featuresto enhance functionality of the WOWii
site were added to address participants’ ideas for helping users
stay ontrack with their new exercise program. They encouraged
adding (1) the ability for participants to receive text reminders
for each workout, based on their individual workout schedules
that users could opt in or out of to receive. They also proposed
including (2) an interactive calendar feature that would allow
them to view their weekly exercise progressin relation to their
weekly exercise goals. Another idea that was suggested was
creating (3) a tab that would display a rotating view of
motivational pictures and quotes that encourage participantsto
stick with their exercise program. In addition, the participants
discussed the potential benefits of including a calendar to show
upcoming events and an individualized energy expenditure
guide. Neither suggestion was implemented owing to the time
required to create and maintain thesetoolsregularly. The energy
expenditure guide would al so have presented exorbitant financial
costs as the values are not easily available.

Discussion

Principal Findings

Using a PAR approach to formally include men and women
with SCI who represented different impairment levels and
exercise historiesto collaborate with our team in revamping the
WOWii website led to a substantial redesign of the site. The
revamped site had less text, greater functionality, and more
images of people with SCI throughout. The iterative process
allowed our SCI partners to provide input as to whether their
ideas regarding the organization, content, and functionality were
accurately implemented on the redesigned site (eg, intuitive
navigation, inclusion of video, reduced text, and easy accessto
media assets). The redesigned WOWii site contains al the
material provided to participants during the educational
workshop yet presented in a manner that PAR participants
reported was easy to access, follow, and understand (see

http://rehab.jmir.org/2019/2/e13441/
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Multimedia Appendix 2 for the graphic that depicts changes
implemented from the original into the redesigned site). The
online information addresses SCI-specific exercise benefits,
presents types of activities that people with various levels of
SCI can perform, shows equipment, and provides links to
availableresources, aswell asdelivers step-by-step instructions
about how to safely begin and continue an exercise program.

Although few published studies have investigated using
Web-based platforms to improve health, SCI-specific health
resources are available online, including sites that address
physical activity. In their review of 30 SCI-focused websites,
Jetha et a [33] reported that SCI-specific physical activity
information is available, but the sites mostly present general
information about the benefits of and barriers to physical
activity. The authors note that few sites provide theoretically
based intervention strategies to help people with SCI become
more physically active and state that thereis aneed to improve
information available on theinternet about physical activity for
people with SCI to enhance their access to quality information
including interactive opportunities for developing behavioral
skills. The collaborative relationship among those with SCI who
provided iterative rounds of feedback on the WOWii siteled to
developing an online resource that addresses several of these
shortcomings, in particular related to including theoretically
based approaches to promote physical activity and adding
interactive opportunities to develop these behavioral skills.
Additional study is warranted to examine whether this Web
resource is a feasible and effective platform for increasing
physical activity among those with SCI.

Notably, a resource similar to the WOWii program is offered
by the National Center on Health, Physical Activity, and
Disability, which is known as 14 Weeks to a Healthier You.
Both Web-based programs offer similar content in terms of
informational resources and content regarding aerobic and
strength training, and alow participants to schedule their
workouts, track their exercise and diet, and opt in for text
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reminders. However, the programs differ in terms of delivery
and participant interaction. The Healthier You program guides
peopl e through starting and keeping up with a physical activity
program by delivering weekly emails with links to physical
activity videos and content on the Healthier You website that
participants move through at their own pace, whereas the
WOWii program guides participants through the 16 weeks by
hosting weekly 60-min group-based virtual sessions where a
group of 10 to 14 participants meet over a virtual platform
(Zoom) facilitated by a WOWii staff member who introduces
the skills-based topic addressed in that week’s module and
facilitates discussion among and sharing by the group members.
These weekly virtual sessions are designed to facilitate group
cohesion and have members serve as a support network and
accountability, allowing enrolleesto connect with other program
users by adding them as afriend on the Healthier You site.

Limitations

Feedback for adapting the website came from a small
convenience sample of individuals with SCI who were not

Acknowledgments

Coleetd

representative of the broader population living with SCI. The
sample had more education, higher employment, and was less
racialy diverse than observed among the broader SCI
population. Thus, including individualswith more diverseracial,
educational, and employment backgrounds may have allowed
those with different internet experiences to have potentially
provided other recommendations for changing the content and
function of the website.

Conclusions

Using aniterative PAR approach to collaborate with individuals
who represent the target audience for thisintervention allowed
for receiving substantial input and guidance that transformed
the layout and functionality of the WOWii internet site.
Participants shared their insights about what they would like to
see and have available on the site. Feasibility of using the
redesigned website by individuals with SCI will be tested in a
4-week trial, and effectiveness of the 16-week WOWii program
will beinvestigated in asubsequent randomized controlled trial.
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Abstract

Background: Telerehabilitation can contribute to the maintenance of successful rehabilitation regardless of location and time.
The aim of this study was to investigate a specific three-month interactive tel erehabilitation routine regarding its effectiveness
in assisting patients with physical functionality and with returning to work compared to typical aftercare.

Objective: Theaim of the study wasto investigate a specific three-month interactive tel erehabilitation with regard to effectiveness
in functioning and return to work compared to usual aftercare.

Methods: From August 2016 to December 2017, 111 patients (mean 54.9 years old; SD 6.8; 54.3% female) with hip or knee
replacement were enrolled in the randomized controlled trial. At discharge from inpatient rehabilitation and after three months,
their distancein the 6-minute walk test was assessed asthe primary endpoint. Other functional parameters, including health related
quality of life, pain, and time to return to work, were secondary endpoints.

Results: Patients in the intervention group performed telerehabilitation for an average of 55.0 minutes (SD 9.2) per week.
Adherence was high, at over 75%, until the 7th week of the three-month intervention phase. Almost all the patients and therapists
used the communication options. Both the intervention group (average difference 88.3 m; SD 57.7; P=.95) and the control group
(average difference 79.6 m; SD 48.7; P=.95) increased their distance in the 6-minute-walk-test. Improvementsin other functional
parameters, aswell asin quality of life and pain, were achieved in both groups. The higher proportion of working patientsin the
intervention group (64.6%; P=.01) versus the control group (46.2%) is of note.

Conclusions: Theeffect of theinvestigated telerehabilitation therapy in patientsfollowing knee or hip replacement was equivalent
tothe usual aftercarein terms of functional testing, quality of life, and pain. Since asignificantly higher return-to-work rate could
be achieved, this therapy might be a promising supplement to established aftercare.

Trial Registration: German Clinical Trials Register DRKS00010009; https://www.drks.de/drks_web/navigate.do?
navigationld=tria.HTML& TRIAL_ID=DRK S00010009
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Introduction

Background

According to data from the Organization for Economic
Cooperation and Development (OECD), 299 total hip and 206
total knee replacements were performed per 100,000 peoplein
Germany in 2015. With these numbers, Germany ranks second
(hip) and fourth (knee) in the world [1]. A further increase in
endoprosthetic interventions on the knee and hip joint isto be
expected due to an aging society and an increasing rate of
obesity [2-4].

After an orthopedic procedure, rehabilitation as a
multidisciplinary approach can improve the function of the
joints and the ability to maintain anormal daily life, aswell as
relieve apatient’spain [5-7]. The effectiveness of rehabilitation
after a knee or hip replacement has already been documented
with substantial evidence [8-12]; however, maintaining the
achieved therapeutic outcome remains achallenge. Prior studies
have reported various barriers to using rehabilitation services,
such as miscellaneous financial, structural, personal, and
attitudinal determinants of access to rehabilitation [13].
Currently, there is an ongoing study, whose results will soon
be published, [14] that seeks to determine barriers to using
rehabilitation services.

In Germany, patients are offered numerous aftercare options,
such asthe multimodal intensified program (IRENA) or training
rehabilitation aftercare (T-RENA), but only about half of eligible
patients take advantage of them [15]. Therefore, toimprove the
sustainability of postoperative therapies, more flexible and
individualized offers need to be devel oped.

In thisregard, telerehabilitation seemsto be the obvious choice
sinceit can be performed irrespective of location and time, and
it has the potential to increase both utilization and therapy
adherence. The current telerehabilitation offerings should be
adapted to the individual and indication-specific needs of the
patients and should enable contact with the supervising
therapists. However, this could not be investigated with the
currently available systems, as they are either not specific
enough for the indications of a patient or do not offer atool to
communicate with a therapist [16-22]. The telerehabilitation
systems studied until now often differ in terms of their
communication structures and their feedback options. Thus,
Moffet et al [17] and Tousignant et a [19] investigated
synchronous telerehabilitation applications where the
physiotherapist and the patient communicated in real-time via
videoconferencing, while Bini et al [16] and Piqueraset a [18]
studied systemsin which the communication between therapist
and patient took placewith atime delay. Additionally, thelatter

http://rehab.jmir.org/2019/2/e14236/

group of papers used a system with sensor-based kinematic
feedback on motion execution. It iswell known that the addition
of external feedback can contribute to improved movement
performance[23]. Regarding kinematic feedback systems, prior
investigations on motion detection using aKinect sensor already
exist. In two studies, the acceptable reliability and validity of a
Kinect-based motion analysiswas demonstrated when compared
to other marker-based kinematic measurement systems[24,25].
Both authors concluded that the Kinect may be a suitable tool
for analyzing movement in the clinical field.

Hence, the MeineReha system [26,27] combines many
components that were thus far investigated individually and
additionally provides real-time visual feedback using a Kinect
camera. Following development and validation [28], the
MeineReha system was supplemented with an individualized
and therapist-controlled telerehabilitation program consisting
of 38 training exercises available for patients after their knee
and hip replacements.

Aim of the study

The aim of this randomized controlled trial was to examine
previously developed telerehabilitation therapy in terms of its
functional parameters, quality of life, and painrelief, aswell as
time to return to work, compared to usual aftercare programs.

Methods

Patients

From August 2016 to December 2017, after a screening of 476
patients in three inpatient rehabilitation centers, 111 patients
were included in the randomized controlled trial (Figure 1).
Patients were eligible for inclusion if a total hip or knee
replacement was performed following idiopathic, posttraumatic,
or congenital osteoarthritis, if they were aged between 18-65
years, and if they were insured by the national or regiona
German Pension Insurance. Patients not expected to achieve
functional safety in walking with full load by the end of the
rehabilitation were excluded. For those patients, it was assumed
that they would not be able to perform exercises with adequate
load or the assessments at the study site. Insufficient verbal and
written German-language skills also led to exclusion. For the
use of the telerehabilitation system at home, some additional
criteria  (eg, High Definition Multimedia Interface
[HDMI]-compatible screen, minimum 2.5-meter spacein front
of the screen, and internet access) were required for the patients
at home. After enrollment, patients were assigned to either the
intervention group (1G) or the control group (CG) using block
randomization in a 1:1 ratio and based on randomization lists
drawn up in advance by the biometric institute. Written consent
was obtained from all patients.
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Figure 1. Consolidated Standards of Reporting Trials flow chart for the inclusion process.
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. portal for the therapist in the clinic. The main component, from
Intervention the patient's perspective, was the MeineReha application that
Following three weeks of inpatient rehabilitation, the patients was installed on the rehab box a home. The rehab box
assigned to the IG performed a three-month, home-based  (minicomputer with internet access) was connected to the usual
telerehabilitation program based on the MeineReha system,  peripherals (mouse and keyboard) as well as to a screen and
which consisted of a home component as well as aworking  Kinect sensor (camera) (Figure 2).

Figure 2. Hardware of the telerehabilitation system and an example exercise demonstrated by avirtual avatar.
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The exercisesto build up strength and improve postural control
were chosen by the supervising therapist from a previously
developed exercise catalog. The training intensity was
individualized in terms of the choice of exercises, the number
of sets and repetitions, and the duration of the breaks, which
could all be adjusted by the therapist. Patients were asked to
perform the training three times a week. There were different
options for the patient and the therapist to communicate with
each other: (1) the patient could record and send audio messages
to their therapist whenever they wanted and the therapist was
able to listen to it whenever their schedule gave them time to
doit; (2) thetherapist could respond or start a conversation with
their patient at any time with individualized text messages,
which the patient was shown whenever they started the system
(eg, therapists could either remind the patient to do their
exercises more often or just ask them about their condition);
and (3) the patient and the therapist were able to make
appointments for live video conferences, which they were

Control Group

Patients in the control group did not receive any study-specific
therapy after their inpatient rehabilitation. The follow-up was
carried out identicaly to the 1G three months after
randomization. The patients of both groups were also offered
the usual aftercare, that isIRENA and physiotherapy.

Data Collection

To verify the patients' adherence, the process data for the 1G
(ie, frequency and duration of training, use of communication
options) were read from the system. In addition, the frequency
and duration of training and the use of other aftercare therapies
were recorded by al patients in their training diaries. Further,
all patientswereinvestigated for functional parameters (eg, the
6-minute walk test, the Star Ascend test, the

http://rehab.jmir.org/2019/2/e14236/
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supposed to conduct on a weekly basis to perform individual
training consultation or to alow for the patient to ask questions
about their training.

During the training, the exercises were demonstrated on screen
by an avatar (Figure 3). The patient performed the exercises
simultaneously and was detected by means of a Kinect sensor
(camera). The system compensated for a patient’'s movement
patterns with a predetermined target movement and sent them
real-time visual feedback in which their relevant body segments
were colored green for correct movements and red in the case
of incorrect movements (Figure 3). The quality of each exercise
was demonstrated to the patient following the performance of
the exercise by using a school grade and the percentage of red
and green values. The grading agorithm considered the
synchronicity of the movements, the compliance with the target
movement, and the number of repetitions. For training
supervision, the therapist was given access to the frequency of
the training as well asthe exercise evaluations.

Achtung - Du neigst zu weit
nach hinten!

| Menii an

Five-Times-Chair-Rise test, and the Timed-Up-and-Go test) at
the study site (University of Potsdam) after the inpatient
rehabilitation. Further, subjective parameters such as the Short
Form Health Survey-36 (SF-36) on headlth-related quality of
life, pain on the operated joint, stiffness, and function were
assessed using the Western Ontario and McMaster Universities
Arthritis Index (WOMAC), with a patient’s ability to return to
work also being assessed. In addition, patient characteristics,
comorbidities, and medications were documented. The
investigations were repeated after three-months follow-up. In
terms of acceptance, we collected data from the |G using the
Teleheath Usability Questionnaire (TUQ), including the
concepts ease of use, learnability, satisfaction, future use, and
reliability, on a 7-point Likert scale, with a 1 meaning disagree
and a 7 meaning agree. To achieve comparability of the scales,
we normalized the results as a quotient of the sum of the raw
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values and the total number of items, multiplied by a factor of
100.

Statistical Analyses

The dtatistical analyses were conducted according to the
description in the previously published study protocol [29]. All
analyseswere performed with thefull analysis set of randomized
patients (modified intention-to-treat). Patient characteristicsand
follow-up values were described with mean and standard
deviation (metric variables), and absolute and reative
frequencies (categorical variables). Group-specific changesin
metric variables (trends) were tested for significance versus no
change with one-factorial variance analyses. The calculation of
the number of cases (n=84) was based on the comparison of the
primary endpoint (improvement in the 6-minute walk test)
between the groups. This comparison was carried out with an
analysis of covariance (ANCOVA) with 22 baseline covariates
at the 5% level (two-sided). All metric secondary endpoints
were tested analogously without multiple adjustment. The
ANCOVA estimates of the group differencesin the continuous
endpoints are presented in a forest plot. The group difference
inthereturn-to-work rates was tested with the Chi-squared test.
At theend, an analysiswas performed within the |G on whether
the improvement in the 6-minute walk test was dependent of
the number of training units, the number of text messages sent
by the therapist, or the number of audio messages sent by the
patient.

Results

Patient Characteristics

At baseline, data from 87 patients from the IG (n=48) and the
CG (n=37) (Figure 1) could be analyzed. The patients were an
average of 54.9 (SD 6.7) yearsold, with an average of 56.8 (SD
5.7) for the CG and an average of 53.3 (SD 7.0) years (P=.012)
for the 1G. Overall, 51.7% (45/87) were female and had an
above-average level of education (43.7% with a polytechnic or
university degree). About two-thirds (69.0%; 60/87) of the
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patients received hip replacements, 31.0% (27/87) knee
replacements, almost half of the patients (43.7%; 38/87) were
obese (body mass index [BMI]=30 Kg/n?), a third (36.8%;
32/87) of the patients had a cardiac comorbidity, and about a
quarter (24.1%; 21/87) of the patients had an orthopedic
comorbidity. At baseline, 48.4 days (SD 13.1) after surgery,
one in ten patients (9.2%; 8/87) was treated with opioids and
half of the patients (49.4%; 43/87) with nonopioid analgesics.
Before el ective surgery, 87.4% (76/87) of patientswere gainfully
employed. Table 1 shows the corresponding baseline figures of
87 patientswith functional parametersat follow-up, which were
eligible for the multivariate analysis. Categorical variables are
expressed as absolute and relative frequencies with n (%), and
metric variables as mean (SD).

According to the self-reported exercise diary, the patientsin the
|G performed their tel erehabilitation an average of 55.0 minutes
(SD 9.2) per week. The data read from the system showed a
training duration of 39.0 minutes (SD 8.0). The participation
rate was over 75% until the 7th week of the three-month
intervention phase, but afterwardsit decreased in parallel to the
return to work (Figure 4). More than half of the patients
continued their telerehabilitation after the 7th week until the
end of the 12-week intervention. The communication via text
and voice messages between the patients and therapists was
used during the first few weeks. At the beginning of the
intervention phase, ailmost all of the patients and therapists
contacted each other (98% of the therapists sent text messages
and 88% of the patients sent voice messages), but after the 4th
week there was only a little communication (<50% sent
messages). Overall, the patients sent an average of 6.0 audio
messages (SD 5.9), while the therapists sent a mean of 7.0 text
messages (SD 4.5) during the 12-week intervention.
Furthermore, patients in both the 1G and CG used regular
rehabilitation aftercare. A total of 51.3% (20/39) of the CG and
33.3% (16/48) of the IG used IRENA aftercare, and
physiotherapy was conducted by 81.3% (39/48) of the IG and
71.8% (28/39) of the CG.
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Table 1. Peatient characteristics (n=87).

Characteristics Control group  Interventiongroup  Total cohort P value
(n=39) (n=48) (n=87)
Socio-demographic data, lifestyle, and postoper ative period
Age (years), mean (SD) 56.8 (5.7) 53.3(7.0) 549(6.7) 012
Sex (female), n (%) 19 (48.7) 26 (54.2) 45 (51.7) 61
BMI2 (kg/m?), mean (SD) 303 (4.9) 29.8(5.9) 300(5 .52
Normal weight: 18.5-<25, n (%) 5(12.8) 8(16.7) 13 (14.9) 86
Overweight: 25-<30, n (%) 17 (43.6) 19 (39.6) 36(414)  _b
Obesity: =30, n (%) 17 (43.6) 21(43.8) 38(437) —
Smoking behavior (smoker), n (%) 10 (25.6) 13(27.1) 23(26.4) .88
Time from surgery to admission of inpatient rehabilitation (days), mean (SD) 18.4 (8.8) 18.8 (12.9) 186(11.3) .61
Time of inpatient rehabilitation (days), mean (SD) 233(3.7) 23.3(3.5) 23335 .77
Time from surgery to baseline investigation (days), mean (SD) 50.4 (11.6) 46.9 (14.1) 484(131) 11

Education and occupation

Graduation, n (%) .82
Lessthan general or subject-linked higher education entrance qualification 21 (53.8) 27 (56.3) 48 (55.2)
General or subject-linked higher education entrance qualification 18 (46.2) 21 (43.8) 39(44.8)
Vocational education, n (%) .20
Less than polytechnic or university degree 19 (48.7) 30 (62.5) 49 (56.3)
Polytechnic or university degree 20 (51.3) 18 (37.5) 38 (43.7)
Gainfully employed, n (%) 34(87.2) 42 (87.5) 76 (87.4) 96
Unemployed, n (%) 2(5.1) 2(4.2) 4 (4.6) .83
Incapacity for work before surgery (days), mean (SD) 16.6 (49.9) 21.3 (47.3) 19.2(482) .27
Work intensity (moderate/severe), n (%) 8(20.5) 9(18.8) 17 (19.5) .84

3BMI: body mass index
BNot applicable
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Figure 4. Utilization of telemedical assisted exercise therapy.
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Functional Parameters

The patients in the 1G could increase their 6-minute walking
distance from an average of 440.6 (SD 78.2) to 530.4 meters
(SD 79.0) (Difference [Delta]=88.3 m; SD 57.7 m; P<.001),
and the patientsin the CG from 433.3 (SD 80.2) to 513.0 meters
(SD 70.6) (Delta=79.6 m; SD 48.7; P<.001) (Table 2). In the
multivariate analysis, no group difference could be detected
(P=.95) (Figure 5). The improvement within the intervention

group was associated with the number of audio messages sent
by the patient (P=.02), but not with the number of text messages
sent by the therapist (P=.49) or with the number of training
units (P=.07).

Other functional parameters (eg, the Timed Up and Go Test,
the Stair Ascend Test, and the Five Times Chair Rise Test) also
showed similar improvements in both groups (Table 2). The
only multivariate significant group difference could be shown
in the Five Times Chair Rise Test (P=.004) (Figure 3).

Table 2. Functional und subjective parameters (n=87). All values presented as mean (SD).

Parameter Baseline Follow-up Differences (Delta)

IG? oy Pvaue IG CG Pvdue IG CG
6-minute walk test (m) 4406(78.2) 433.3(80.2) .90 530.4(79.0) 513.0(70.6) .43 883(57.7)  79.6(48.7)
Stair Ascend Test (9) 8.7(2.7) 8.6 (4.0) 33 6.2(1.2) 6.1(1.5) 44 25 (2.4) -2.5(3.0)
Timed Up and Go Test (3) 9.3(L8) 9.0 (2.4) 16 75(12) 7.5(1.6) 93 -1.9 (1.5) -15(2.2)
Five Times Chair Rise Test () 16.9 (3.7) 17.1(6.2) 38 14.2 (2.7) 132(23) .06 2.7 (3.5) -38(5.1)
SF-36° pCst 33.8(7.6) 333(79 82 44.6 (9.9) 444(83) .80 107 (10.4)  11.1(7.2)
SF-36 MCSE 54.8(106)  53.9(11.8) .98 52.4(106) 54.1(9.8) .28 —25(124)  0.1(85)
WOMAC Index 26.4(185)  24.8(16.4) .78 115(127)  139(143) 51 -14.9(136) -10.9(13.5)

4 G: intervention group

bCG: control group

CSF-36: Short Form Health Survey-36
dpcs: physical component scale
®MCS: mental component scale

fWOMAC: Western Ontario and McMaster Universities Osteoarthritis Index
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Figure5. Differencesin endpoints between intervention and control group, multiple adjusted. SF: Short Form Health Survey; PCS: physical component
scale; MCS: mental component scale; WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index.

per
unit 95 %-Cl p-value
6-minute walk distance [10 m] # 0.06 -2.03-2.16 0.951
SF-36 PCS [1 point] —— -3.27 6.54-0.00 0.050
SF-36 MCS [1 point] ———— e — -1.11 -5.74-3.53 0.635
WOMAC Index [1 Punkt] s 0.29 -3.84-4.42 0.890
Stair Test [s] < 0.18 -0.29 - 0.65 0.436
5-Times-Chair-Rise-Test [s] B 1.54 0.51-2.56  0.004
Timed Up and Go Test [s] E 3 0.14 -0.35-0.63 0.567
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Health-Related Quality of Life, Pain, and Return to
Work

Regarding the health-related quality of life on the SF-36, an
improvement in the physical component scale (PCS) was
achieved in both groups. Furthermore, the WOMAC Index
showed a significant reduction in both groups (Table 2). At the
end of theintervention, 31 patients (64.6%) from the |G and 18
patients (46.2%) from the CG were gainfully employed (P=.01).

Acceptance of the Telerehabilitation System

Interms of acceptance of the TUQ), the patients of the |G showed
high consent in the normalized values of the scales of ease of
use and learnability (mean 85.2; SD 2.9) as well as in
satisfaction and future use (mean 79.8; SD 3.2), whereas the
values of the reliability scale were lower (mean 51.8; SD 3.7).

Discussion

Summary

In short, the use of telerehabilitation with patients having just
undergone knee or hip replacementswas equivalent to the usual
aftercare in terms of the difference achieved in the 6-minute
walk test. In addition, equivalent increasesin both groups were
demonstrated as secondary endpoints for functional mobility,
health-related quality of life, and joint-related complaints.
However, the patients in the intervention group were employed
at asignificantly higher rate at the end of the intervention.

The patients in the intervention group intensively used the
telerehabilitation as a complementary aftercare option for a
prolonged period of the study. The difference between the
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training durations given by the patient and those read out of the
system can be explained by the preparati on and cool-down times
of the exercises, since only the exact execution time of the
exercises was measured in the system. Likewise, the
communication possibilities of the system, in terms of using
text and voice messages, were exhausted. It is self-evident that
the need for close contact with the therapist diminishes over a
longer period, because the patients eventually either returned
towork or al their questions about the system and training had
already been answered.

The usual aftercare treatment was also used extensively by the
patients in both groups. The participation rate of the control
group (51%) in the IRENA aftercare program was comparable
to the participation rate (50%) for the medical rehabilitation
aftercare (MERENA) program in patients with chronic back
pain [15]. More than 30% of the |G patients also used IRENA.
About 80% of the IG performed their telerehabilitation until
the 7th week of the three-month intervention phase, and even
in the following weeks participation rates of more than 60%
could be achieved. The high rate of use of the telerehabilitation
may be due to its being time- and place-independent, as
occupational obligations are a major obstacle to participation
in aftercare [15]. Our study results further show that even after
asizeable proportion of the patients returned to work there was
still good adherence to the telerehabilitation. Thisindicatesthe
practicability of this program for patients of working age
following a knee and hip replacement. Thus, in another study,
good adherence to telerehabilitation for patients having
undergone knee replacements could also be researched [17].

During the three-month investigation phase, a significant
increase in the 6-minute walking distance was recorded in both
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groups. For the population of knee and hip replacement patients,
an improvement of 50-60 meters in the 6-minute walk test is
considered clinically relevant [30]. The values at follow-up
showed only small deviationsfrom the normal valuesfor healthy
individuals, with 578 metersfor men and 534 metersfor women
inthe 50-60 years old age group [31], which showsthat patients
functionality seemed to be largely restored four to five months
post operation. Furthermore, the baseline values of the patients
had already exceeded those of comparable clinical populations
[30,32,33] and thus indicated a high initial level of physical
performance. It is possible that patients had already improved
their functionality in the inpatient rehabilitation to such a high
extent that there was little potential for further improvement.

Consistent with the results of the 6-minute walking test, further
functional mobility tests with significant improvementsin both
groups demonstrated the equivalence of the telerehabilitation.
In the Five Times Chair Rise Test, the control group had a
statistically significant and higher improvement, however, the
difference between the groups was significantly below the
clinically relevant value of 2.5 seconds [34], which relativizes
the group difference despite its significance.

As for the WOMAC Index, values below 29.5 points are
considered a treatment success for patients after a knee
replacement [ 35]. The score achieved by the patients at baseline
was already below this cut-off value. Furthermore, this value
decreased significantly during the intervention phase in both
groups and was below the postoperative WOMAC scores of
comparable clinical populations [36-39].

For health-related quality of life, both groups achieved a
significant increase on the physical component scale during the
study phase. Against the background of the mainly physically
oriented aftercare programs, this enhancement seemsreasonable.
However, despite theimprovement, at the end of theintervention
patients were dightly below the age-related normative values
of 47-49 points, with an average of 44 points [40]. For the
intervention period of three months, similar values can befound
for patient popul ations after knee and hip replacement [32,33].
The results of the mental component scale did not change
significantly for either group but were slightly above the norm
of 48-50 points at the end of the intervention [40].

Although most of the investigated endpoints did not show the
superiority of the telerehabilitation, a significantly higher
proportion of the 1G returned to work at the end of the
three-month study period. However, this fact cannot be
explained by improved physical performance, quality of life,
or reduced joint-related complaints of the intervention group.
It remainsto be discussed whether the possibility of performing
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telerehabilitation regardless of time and place could have led
to an earlier return to work by the 1G. In addition, the high
dropout rate of the control group (29.1%; 11/39) compared to
theintervention group (14.1%,; 7/48) should al so be considered.
Given the route to the study site, as well as the time of about
two hoursrequired for each baseline and follow-up investigation,
there exists the possibility that the CG patients who returned to
work were no longer willing to participate in the study.

Limitations

In the investigated sample, an above-average education level
can be ascertained (43.5% with a polytechnic or university
degree). Datafrom the Employment Agency in Germany shows
that, in the total population, only 20% of gainfully employed
individuals have a polytechnic or university degree [41].
Furthermore, the 5.4% unempl oyment rate of the sample should
be classified as low compared to the 8.4% Berlin average [42].
In addition, asubstantial proportion of patients camefrom Berlin
and the surrounding countryside. Therefore, in this study, the
access route to the study site that the patients had to traverse
twice independently may have been an obstacle to the
participation of patients from more distant, infrastructurally
weak areas. Only aquarter of the screened patients participated
in the study. Thus, the low participation rate and the discussed
patient characteristics suggest a selection bias.

Another limitation of the study design isthe lack of blinding of
study participants and investigators. Asaresult, thisisapossible
influence on the participants during the investigations that
cannot be excluded. It is known that nonblinded studies can
demonstrate greater intervention effectsthan blinded ones[43].

All patients underwent inpatient rehabilitation and aftercare
treatment. It is not possible to determine which improvements
can be directly traced back to the effect of telerehabilitation, as
dueto ethical reasonsthe usual aftercare programsin this study
were not replaced but instead complemented by the new
approach.

Conclusion

Theinvestigated telerehabilitation for patients having undergone
knee or hip replacement was equivalent to the usual aftercare
treatments in terms of improvementsin the 6-minute walk test
and in other functional parameters. However, at the end of the
intervention, patientsin the intervention group returned to work
at a significantly higher rate. These results suggest that the
system is complementary to the established aftercare programs
in Germany (eg, IRENA or T-RENA), especidly in
infrastructurally weak areas.

The study was funded by the German Pension Insurance Berlin-Brandenburg (grant number 10-40.07.05.07.007). We acknowledge
the support of the Deutsche Forschungsgemeinschaft and Open Access Publishing Fund of University of Potsdam.

Conflictsof Interest
None declared.

http://rehab.jmir.org/2019/2/€14236/

JMIR Rehabil Assist Technol 2019 | vol. 6 | iss. 2 |€14236 | p.99
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Eichler et al

Multimedia Appendix 1
CONSORT-EHEALTH checklist (V 1.6.2).
[PDF File (Adobe PDF File), 127 KB - rehab_v6i2e14236 appl.pdf ]

References

1.
2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

OECD. Hedlth at a Glance 2017: OECD Indicators. Paris: OECD Publishing; 2017.

Wengler A, Nimptsch U, Mansky T. Hip and knee replacement in Germany and the USA: analysis of individual inpatient
datafrom German and US hospitalsfor the years 2005 to 2011. Dtsch Arztebl Int 2014 Jun 09;111(23-24):407-416 [FREE
Full text] [doi: 10.3238/arztebl.2014.0407] [Medline: 24980673]

Price AJ, Alvand A, Troelsen A, Katz JN, Hooper G, Gray A, et a. Knee replacement. The Lancet 2018
Nov;392(10158):1672-1682. [doi: 10.1016/s0140-6736(18)32344-4]

Ferguson RJ, Palmer AJ, Taylor A, Porter ML, Malchau H, Glyn-Jones S. Hip replacement. The Lancet 2018
Nov;392(10158):1662-1671. [doi: 10.1016/s0140-6736(18)31777-x]

Muller M, Toussaint R, Kohlmann T. Total hip and knee arthroplasty : Results of outpatient orthopedic rehabilitation [in
German]. Orthopade 2015 Mar;44(3):203-211. [doi: 10.1007/s00132-014-3000-0] [Medline: 25209014]

Deutsche Rentenversicherung. Reha-Therapiestandards Hiift- und Knie-TEP. Leitlinie fiir die medizinische Rehabilitation
der Rentenversicherung. 2011. URL: http://forschung.deutsche-rentenversi cherung.de/ForschPortal Web/
ressource?key=rts tep.pdf [accessed 2018-01-20]

Ritter S, Dannenmaier J, Jankowiak S, KaluschaR, Krischak G. Total Hip and Knee Arthroplasty - Utilization of Postoperative
Rehabilitation [in German]. Rehabilitation (Stuttg) 2018 Aug;57(4):248-255. [doi: 10.1055/s-0043-102135] [Medline:
28561255]

Baulig C, Grams M, Réhrig B, Linck-Eleftheriadis S, Krummenauer F. Clinical outcome and cost effectiveness of inpatient
rehabilitation after total hip and knee arthroplasty. A multi-centre cohort benchmarking study between nine rehabilitation
departments in Rhineland-Pal atinate (Western Germany). Eur J Phys Rehabil Med 2015 Dec;51(6):803-813 [FREE Full
text] [Medline: 26006080]

Muller E, Mittag O, Gllich M, Uhimann A, Jickel WH. Systematic literature analysis on therapies applied in rehabilitation
of hip and knee arthroplasty: methods, results and challenges [in German]. Rehabilitation (Stuttg) 2009 Apr;48(2):62-72.
[doi: 10.1055/s-0029-1202295] [Medline: 19421937]

Tuncel T, Simon S, Peters KM. Flexible rehabilitation times after total hip and knee replacement [in German]. Orthopade
2015 Jun;44(6):465-473. [doi: 10.1007/s00132-015-3089-9] [Medline: 25917942]

Khan F. Multidisciplinary rehabilitation programmesfollowing joint replacement at the hip and kneein chronic arthropathy.
Cochrane Database Syst Rev 2008. [doi: 10.1002/14651858.cd004957.pub3]

Henderson KG, Wallis JA, Snowdon DA. Active physiotherapy interventions following total knee arthroplasty in the
hospital and inpatient rehabilitation settings: a systematic review and meta-analysis. Physiotherapy 2018 Mar;104(1):25-35.
[doi: 10.1016/j.physi0.2017.01.002] [Medline: 28802773]

Ottenbacher KJ, Graham JE. The state-of -the-science: accessto postacute care rehabilitation services. A review. Arch Phys
Med Rehabil 2007 Nov;88(11):1513-1521. [doi: 10.1016/j.apmr.2007.06.761] [Medline: 17964898]

Bethge M, Mattukat K, Fauser D, Mau W. Rehabilitation access and effectiveness for persons with back pain: the protocol
of a cohort study (REHAB-BP, DRK S00011554). BMC Public Health 2017 Jul 14;18(1):22 [FREE Full text] [doi:
10.1186/s12889-017-4588-x] [Medline: 28709405]

Sibold M, Mittag O, Kulick B, Miller E, Opitz U, Jackel WH. Predictors of participationin medical rehabilitation follow-up
in working patients with chronic back pain [in German]. Rehabilitation (Stuttg) 2011 Dec;50(6):363-371. [doi:
10.1055/s-0031-1271815] [Medline: 21647850]

Bini S, Mahajan J. Clinical outcomes of remote asynchronoustel erehabilitation are equivalent to traditional therapy following
total knee arthroplasty: A randomized control study. J Telemed Telecare 2016 Jul 09;23(2):239-247. [doi:
10.1177/1357633x16634518]

Moffet H, Tousignant M, Nadeau S, Mérette C, Boissy P, Corriveau H, et al. In-Home Telerehabilitation Compared with
Face-to-Face Rehabilitation After Total Knee Arthroplasty: A Noninferiority Randomized Controlled Trial. J Bone Joint
Surg Am 2015 Jul 15;97(14):1129-1141. [doi: 10.2106/JBJS.N.01066] [Medline: 26178888]

PiquerasM, Marco E, Coll M, EscaladaF, Ballester A, CincaC, et a. Effectiveness of aninteractive virtual telerehabilitation
system in patients after total knee arthoplasty: arandomized controlled trial. J Rehabil Med 2013 Apr;45(4):392-396 [FREE
Full text] [doi: 10.2340/16501977-1119] [Medline: 23474735]

Tousignant M, Moffet H, Boissy P, Corriveau H, Cabana F, Marquis F. A randomized controlled trial of home
telerehabilitation for post-knee arthroplasty. J Telemed Telecare 2011 Mar 11;17(4):195-198. [doi: 10.1258/jtt.2010.100602]
[Medline: 21398389]

Pastora-Bernal IM, Martin-Valero R, Baron-L6pez FJ, Estebanez-Pérez MJ. Evidence of Benefit of Telerehabitation After
Orthopedic Surgery: A Systematic Review. JMed Internet Res 2017 Apr 28;19(4):e142 [FREE Full text] [doi:
10.2196/jmir.6836] [Medline: 28455277)

http://rehab,jmir.org/2019/2/e14236/ JMIR Rehabil Assist Technol 2019 | vol. 6 | iss. 2 [e14236 | p.100

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=rehab_v6i2e14236_app1.pdf&filename=9577bbf33a8f11b419bd1d1b7e347b99.pdf
https://jmir.org/api/download?alt_name=rehab_v6i2e14236_app1.pdf&filename=9577bbf33a8f11b419bd1d1b7e347b99.pdf
https://doi.org/10.3238/arztebl.2014.0407
https://doi.org/10.3238/arztebl.2014.0407
http://dx.doi.org/10.3238/arztebl.2014.0407
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24980673&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(18)32344-4
http://dx.doi.org/10.1016/s0140-6736(18)31777-x
http://dx.doi.org/10.1007/s00132-014-3000-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25209014&dopt=Abstract
http://forschung.deutsche-rentenversicherung.de/ForschPortalWeb/ressource?key=rts_tep.pdf
http://forschung.deutsche-rentenversicherung.de/ForschPortalWeb/ressource?key=rts_tep.pdf
http://dx.doi.org/10.1055/s-0043-102135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28561255&dopt=Abstract
http://www.minervamedica.it/index2.t?show=R33Y2015N06A0803
http://www.minervamedica.it/index2.t?show=R33Y2015N06A0803
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26006080&dopt=Abstract
http://dx.doi.org/10.1055/s-0029-1202295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19421937&dopt=Abstract
http://dx.doi.org/10.1007/s00132-015-3089-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25917942&dopt=Abstract
http://dx.doi.org/10.1002/14651858.cd004957.pub3
http://dx.doi.org/10.1016/j.physio.2017.01.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28802773&dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2007.06.761
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17964898&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-017-4588-x
http://dx.doi.org/10.1186/s12889-017-4588-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28709405&dopt=Abstract
http://dx.doi.org/10.1055/s-0031-1271815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21647850&dopt=Abstract
http://dx.doi.org/10.1177/1357633x16634518
http://dx.doi.org/10.2106/JBJS.N.01066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26178888&dopt=Abstract
https://www.medicaljournals.se/jrm/content/abstract/10.2340/16501977-1119
https://www.medicaljournals.se/jrm/content/abstract/10.2340/16501977-1119
http://dx.doi.org/10.2340/16501977-1119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23474735&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2010.100602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21398389&dopt=Abstract
https://www.jmir.org/2017/4/e142/
http://dx.doi.org/10.2196/jmir.6836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28455277&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Eichler et al

21.

22.

23.

24,

25.

26.
27.
28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Eisermann U, Haase |, Kladny B. Computer-aided multimediatraining in orthopedic rehabilitation. Am JPhys Med Rehabil
2004 Sep;83(9):670-680. [doi: 10.1097/01.phm.0000137307.44173.5d] [Medline: 15314531]

Anton D, Nelson M, Russell T, Gofii A, Illarramendi A. Validation of a Kinect-based telerehabilitation system with total
hip replacement patients. J Telemed Telecare 2015 Jun 30;22(3):192-197. [doi: 10.1177/1357633x15590019]

Lauber B, Keller M. Improving motor performance: selected aspects of augmented feedback in exercise and health. Eur J
Sport Sci 2014 Sep 19;14(1):36-43. [doi: 10.1080/17461391.2012.725104] [Medline: 24533493]

Zerpa C. The Use of Microsoft Kinect for Human Movement Analysis. International Journal of Sports Science
2015;5(4):120-127. [doi: 10.5923/j.sports.20150504.02]

Clark RA, PuaY, Fortin K, Ritchie C, Webster KE, Denehy L, et a. Validity of the Microsoft Kinect for assessment of
postural control. Gait Posture 2012 Jul;36(3):372-377. [doi: 10.1016/j.gaitpost.2012.03.033] [Medline: 22633015]

John M. MeineReha. URL : https://www.meinereha.de/Deutsch/HOME.html [accessed 2019-10-25]

John M. MeineReha® - Gesamtsystem fiir die Lebensbereich tibergreifende Rehabilitatio. e-health 2013 -
Informationstechnol ogien und Telematik im Gesundheitswesen 2013:291-296. [doi: 10.1007/978-3-322-81225-4 2]
Wochatz M, Tilgner N, Mueller S, Rabe S, Eichler S, John M, et al. Reliability and validity of the Kinect V2 for the
assessment of lower extremity rehabilitation exercises. Gait Posture 2019 May;70:330-335. [doi:
10.1016/j.gaitpost.2019.03.020] [Medline: 30947108]

Eichler S, Rabe S, Salzwedel A, Muller S, Stoll J, Tilgner N, ReMove-1t study group. Effectiveness of an interactive
telerehabilitation system with home-based exercise training in patients after total hip or knee replacement: study protocol
for amulticenter, superiority, no-blinded randomized controlled trial. Trials 2017 Sep 21;18(1):438 [FREE Full text] [doi:
10.1186/s13063-017-2173-3] [Medline: 28934966]

Kennedy DM, Stratford PW, Wessel J, Gollish JD, Penney D. Assessing stability and change of four performance measures:
alongitudinal study evaluating outcome following total hip and knee arthroplasty. BMC Musculoskelet Disord 2005 Jan
28;6(1):3 [FREE Full text] [doi: 10.1186/1471-2474-6-3] [Medline: 15679884]

Salbach NM, O'Brien KK, Brooks D, Irvin E, Martino R, Takhar P, et al. Reference values for standardized tests of walking
speed and distance: a systematic review. Gait Posture 2015 Feb;41(2):341-360. [doi: 10.1016/j.gaitpost.2014.10.002]
[Medline: 25542397]

Dayton MR, Judd DL, Hogan CA, Stevens-Lapsley JE. Performance-Based Versus Self-Reported Outcomes Using the Hip
Disability and Osteoarthritis Outcome Score After Total Hip Arthroplasty. American Journal of Physical Medicine &
Rehabilitation 2016;95(2):132-138. [doi: 10.1097/phm.0000000000000357]

BadeMJ, Struessel T, Dayton M, Foran J, KimRH, Miner T, et al. Early High-Intensity Versus L ow-Intensity Rehabilitation
After Total Knee Arthroplasty: A Randomized Controlled Trial. Arthritis Care Res (Hoboken) 2017 Sep 13;69(9):1360-1368
[EREE Full text] [doi: 10.1002/acr.23139] [Medline: 27813347]

Goldberg A, Chavis M, Watkins J, Wilson T. The five-times-sit-to-stand test: validity, reliability and detectable change in
older females. Aging Clin Exp Res 2013 Jul 31;24(4):339-344. [doi: 10.1007/bf03325265]

Bellamy N, Wilson C, Hendrikz J. Popul ation-based normative values for the Western Ontario and McMaster (WOMAC)
Osteoarthritis Index: part I. Semin Arthritis Rheum 2011 Oct;41(2):139-148. [doi: 10.1016/j.semarthrit.2011.03.002]
[Medline: 21546065]

van der Wees PJ, Wammes JJG, Akkermans RP, Koetsenruijter J, Westert GP, van Kampen A, et al. Patient-reported health
outcomes after total hip and knee surgery in a Dutch University Hospital Setting: results of twenty years clinical registry.
BMC Musculoskelet Disord 2017 Mar 03;18(1):97 [FREE Full text] [doi: 10.1186/s12891-017-1455-y] [Medline: 28253923]
QuintanaJ, Escobar A, Bilbao A, Arostegui |, Lafuente |, Vidaurretal. Responsiveness and clinically important differences
for the WOMAC and SF-36 after hip joint replacement. Osteoarthritis Cartilage 2005 Dec;13(12):1076-1083 [FREE Full
text] [doi: 10.1016/j.joca.2005.06.012] [Medline: 16154777)

Kennedy DM, Stratford PW, Hanna SE, Wessel J, Gollish JD. Modeling early recovery of physical function following hip
and knee arthroplasty. BMC Muscul oskelet Disord 2006 Dec 11;7(1):100 [FREE Full text] [doi: 10.1186/1471-2474-7-100]
[Medline: 17156487]

Beck H, Beyer F, Gering F, Gunther KB, Lutzner C, Walther A, et a. Sports Therapy Interventions Following Total Hip
Replacement. Dtsch Arztebl Int 2019 Jan 07;116(1-2):1-8 [FREE Full text] [doi: 10.3238/arztebl.2019.0001] [Medline:
30782304]

Ellert U, Kurth B. Methodological views on the SF-36 summary scores based on the adult German population [in German).
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz 2004 Nov;47(11):1027-1032. [doi:
10.1007/s00103-004-0933-1] [Medline: 15549195]

Bundesagentur fur Arbeit. Akademikerinnen und Akademiker. 2017. URL: https:/statistik.arbeitsagentur.de/

Stati scher-Content/Arbeitsmarktberi chte/Berufe/generische-Publikati onen/Broschuere-A kademiker.pdf [accessed 2018-05-16]
Bundesagentur fur Arbeit. Statistik nach Regionen: Berlin. 2018. URL: https.//statistik.arbeitsagentur.de/Navigation/Statistik/
Statistik-nach-Regionen/Politische-Gebi etsstruktur/Berlin-Nav.html [accessed 2018-05-16]

Egger M, Juni P, Bartlett C, Holenstein F, Sterne J. How important are comprehensive literature searches and the assessment
of trial quality in systematic reviews? Empirical study. Health Technol Assess 2003;7(1):1-76 [FREE Full text] [Medline:
12583822]

http://rehab.jmir.org/2019/2/e14236/ JMIR Rehabil Assist Technol 2019 | vol. 6 | iss. 2 [e14236 | p.101

(page number not for citation purposes)


http://dx.doi.org/10.1097/01.phm.0000137307.44173.5d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15314531&dopt=Abstract
http://dx.doi.org/10.1177/1357633x15590019
http://dx.doi.org/10.1080/17461391.2012.725104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24533493&dopt=Abstract
http://dx.doi.org/10.5923/j.sports.20150504.02
http://dx.doi.org/10.1016/j.gaitpost.2012.03.033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22633015&dopt=Abstract
https://www.meinereha.de/Deutsch/HOME.html
http://dx.doi.org/10.1007/978-3-322-81225-4_2
http://dx.doi.org/10.1016/j.gaitpost.2019.03.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30947108&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-017-2173-3
http://dx.doi.org/10.1186/s13063-017-2173-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28934966&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-6-3
http://dx.doi.org/10.1186/1471-2474-6-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15679884&dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2014.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25542397&dopt=Abstract
http://dx.doi.org/10.1097/phm.0000000000000357
https://doi.org/10.1002/acr.23139
http://dx.doi.org/10.1002/acr.23139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27813347&dopt=Abstract
http://dx.doi.org/10.1007/bf03325265
http://dx.doi.org/10.1016/j.semarthrit.2011.03.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21546065&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/s12891-017-1455-y
http://dx.doi.org/10.1186/s12891-017-1455-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28253923&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1063-4584(05)00178-0
http://linkinghub.elsevier.com/retrieve/pii/S1063-4584(05)00178-0
http://dx.doi.org/10.1016/j.joca.2005.06.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16154777&dopt=Abstract
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-7-100
http://dx.doi.org/10.1186/1471-2474-7-100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17156487&dopt=Abstract
https://doi.org/10.3238/arztebl.2019.0001
http://dx.doi.org/10.3238/arztebl.2019.0001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30782304&dopt=Abstract
http://dx.doi.org/10.1007/s00103-004-0933-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15549195&dopt=Abstract
https://statistik.arbeitsagentur.de/Statischer-Content/Arbeitsmarktberichte/Berufe/generische-Publikationen/Broschuere-Akademiker.pdf
https://statistik.arbeitsagentur.de/Statischer-Content/Arbeitsmarktberichte/Berufe/generische-Publikationen/Broschuere-Akademiker.pdf
https://statistik.arbeitsagentur.de/Navigation/Statistik/Statistik-nach-Regionen/Politische-Gebietsstruktur/Berlin-Nav.html
https://statistik.arbeitsagentur.de/Navigation/Statistik/Statistik-nach-Regionen/Politische-Gebietsstruktur/Berlin-Nav.html
http://www.journalslibrary.nihr.ac.uk/hta/hta710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12583822&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES

Eichler et d

Abbreviations

ANCOVA: analysis of covariance

BM1: body mass index

CG: control group

HDM I: High Definition Multimedia Interface

I G: intervention group

IRENA: multimodal intensified aftercare

MERENA: medical rehabilitation aftercare

OECD: Organization for Economic Cooperation and Development
PCS: physical component scale

SF-36: Short Form Health Survey-36

T-RENA: training rehabilitation aftercare

TUQ: Telehealth Usability Questionnaire

WOMAC: Western Ontario and McMaster Universities Arthritis Index

Edited by G Eysenbach; submitted 02.04.19; peer-reviewed by D Anton, B Smith; comments to author 05.07.19; revised version

received 28.08.19; accepted 03.09.19; published 07.11.19.

Please cite as:

Eichler S, Salzwedel A, Rabe S Mueller S Mayer F, Wochatz M, Hadzic M, John M, Wegscheider K, \Voller H
The Effectiveness of Telerehabilitation asa Supplement to Rehabilitation in Patients After Total Knee or Hip Replacement: Randomized

Controlled Trial

JMIR Rehabil Assist Technol 2019;6(2):e14236
URL.: http://rehab.jmir.org/2019/2/e14236/
doi:10.2196/14236

PMID: 31697239

©Sarah Eichler, Annett Salzwedel, Sophie Rabe, Steffen Mueller, Frank Mayer, Monique Wochatz, Miralem Hadzic, Michael
John, Karl Wegscheider, Heinz Véller. Originally published in IMIR Rehabilitation and Assistive Technology (http://rehab.jmir.org),
07.11.2019. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Rehabilitation and Assistive Technology, is properly cited. The complete
bibliographic information, a link to the original publication on http://rehab.jmir.org/, as well as this copyright and license
information must be included.

http://rehab.jmir.org/2019/2/e14236/

RenderX

JMIR Rehabil Assist Technol 2019 | vol. 6 | iss. 2 |€14236 | p.102
(page number not for citation purposes)


http://rehab.jmir.org/2019/2/e14236/
http://dx.doi.org/10.2196/14236
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31697239&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Stetten et &

Original Paper

Analyzing the Communication Interchange of Individuals With
Disabilities Utilizing Facebook, Discussion Forums, and Chat
Rooms: Qualitative Content Analysis of Online Disabilities Support
Groups

Nichole E Stetten™, CPH, PhD; KelseaLeBeau" , MPH; MariaA Aguirre', MPH; Alexis B Vogt', MPH; Jazmine R
Quintana?, MPH; Alexis R Jennings', MPH; Mark Hart!, EdD, MALS

1College of Public Health and Health Professions, University of Florida, Gainesville, FL, United States
Bouvé College of Health Sciences, Northeastern University, Boston, MA, United States
" these authors contributed equally

Corresponding Author:

Kelsea LeBeau, MPH

College of Public Health and Health Professions
University of Florida

1225 Center Drive

Health Professions, Nursing, and Pharmacy Room 4176
Gainesville, FL, 32610

United States

Phone: 1 850 499 1952

Fax: 1 352 273 6048

Email: klebeau@ufl.edu

Abstract

Background: Approximately 1 in 5 adults in the United States are currently living with a form of disability. Although the
Americanswith Disabilities Act has published guidelinesto help make devel oping technology and social networking sites (SNS)
more accessible and user-friendly to people with arange of disabilities, persons with disahilities, on average, have less access to
theinternet than the general population. The quality, content, and medium vary from site to site and have been greatly understudied.
Dueto this, it is still unclear how persons with disabilities utilize various platforms of online communication for support.

Objective: The objective of this study was to qualitatively explore and compare the interactions and connections among online
support groups across Facebook, discussion forums, and chat rooms to better understand how persons with disabilities were
utilizing different SNS to facilitate communication interchange, disseminate information, and foster community support.

Methods: Facebook groups, discussion forums, and chat rooms were chosen based on predetermined inclusion criteria. Data
collected included content posted on Facebook groups, forums, and chat rooms aswell astheinteractions among group members.
Data were analyzed qualitatively using the constant comparative method.

Results: A total of 133 Facebook posts, 116 forum posts, and 60 hours of chat room discussions were collected and analyzed.
In addition, 4 themes were identified for Facebook posts, 3 for discussion forums, and 3 for chat rooms. Persons with disabilities
utilized discussion forums and chat roomsin similar ways, but their interactions on Facebook differed in comparison. They seem
to interact on a platform based on the specific functionsit offers.

Conclusions: Interactions on each of the platforms displayed elements of the 4 types of social support, indicating the ability
for socia support to be facilitated among SNS; however, the type of social support varied by platform. Findings demonstrate that
online support platforms serve specific purposes that may not be interchangeable. Through participation on different platforms,
persons with disabilities are able to provide and receive social support in various ways, without the barriers and constraints often
experienced by this population.

(JMIR Rehabil Assist Technol 2019;6(2):€12667) doi:10.2196/12667
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Introduction

Overview

Currently within the United States, more than 20% of adults
are living with some form of disability [1]. As defined by the
Centersfor Disease Control and Prevention, adisability is*any
condition of the body or mind (impairment) that makesit more
difficult for the person with the condition to do certain activities
(activity limitation) and interact with the world around them
(participation restrictions)” [1]. Although living with adisability
can impact participation in many parts of your life, it does not
prevent most persons with disabilities from participating in
information sharing, participating in community engagement,
and providing support on social networking sites (SNS). In fact,
research suggests the use of SNS is generally high among
personswith disabilities[2], which includes SNS such asonline
discussion forums, chat rooms, and Facebook.

With developing technology and SNS, the ease of
communication has drastically increased over thelast few years,
and the internet has become an increasingly common platform
for the formation of electronic peer-to-peer, or online,
communities [3,4]. Online communities are social networks
formed or facilitated by means of a technical platform (eg,
Facebook, discussion forums, and chat rooms) through which
groups of people with similar interests can establish social
relationships and connect and interact with one another [3,5].
Through the devel opment and utilization of onlinecommunities,
we have seen a shift in the way socia support is sought,
organized, and communi cated, resulting in online communities
that function similarly to physical, or in-person, communities

[6,7].

Table 1. Socia support types and their accompanying definitions.

Social Support and Online Communities

Social support isatheoretically complex and multidimensional
construct that is often defined as the “ad and assistance
exchanged through socia relationships and interpersonal
transactions’ [8-10]. Although in-person social support hasbeen
of interest to researchers for severa decades, a shift toward
investigating and understanding social support in an online
context has begun to occur. Online social support has been
defined as the internet-facilitated receipt of both tangible and
intangi ble assi stance from peoplein one's social network [6,11].
Numerous studies have found that online communities provide
a platform for socia support to be communicated [4,5,12-14]
and that similar types of social support found in offline settings
also exist in online contexts [4,6,13,14].

Social support, whether in-person or online, can generaly be
divided into structural and functional aspects [6,15,16].
Structural aspects include the extent to which individuals are
situated within or integrated into social networks. This can be
the size and structure of a social network, such as density and
composition, social integration, or embeddedness [15,17-19].
Functional aspects include the psychological and material
resources available from an individual's interpersonal
relationships. Functional aspects refer to the types of social
support, such as esteem and emoctiona, informational,
instrumental support, and belonging [4,6,9-11,15,17-19].
Definitionsfor each type of social support can befound in Table
1. The provision of social support is considered one of the
important functions of social relationships[9,10], which can be
measured by structural support, functional support, or a
combination of both.

Type of socia support Definition

Esteem and emotional support

Communications from others that convey being held in high esteem, offering help with one’s emotional

state, or expressing acceptance, caring, liking, respect, concern, empathy, or sympathy [6,9,10,19,20]

Informational support

Offering help intheform of advice, constructive feedback or affirmation, new information or perspectives,

or references to new resources [6,9,10,19,20]

Instrumental support

Provision of tangible aid and services, such as offering financial aid, providing material resources, or

taking on aresponsibility [6,9,10,19]

Belonging support

Conveys a sense of social belonging and having others to engage with in shared social activities [6,9]

The benefits of socia support have been repeatedly affirmedin
the literature [13]. Social support has been associated with
predicting and promoting good physical and mental health,
reducing and preventing illness, moderating life stress, and
improving quality of life[8,15,17,18,21]. In general, however,
persons with disabilities are more likely to have limited access
to socia support and its benefits. They may experience a lack
of access to social support because of misconceptions about
disabilities, stigma surrounding disability, feelings of
embarrassment or socia isolation, and physical barriers[16,22].

http://rehab.jmir.org/2019/2/€12667/

The internet could circumvent these barriers by providing a
useful alternative for persons with disabilities to access social
support and interact in a way that may not be possible offline
[13,14,22]. Due to the availability and proliferation of online
communities, a new outlet for social support can be accessed.
Persons with disabilities can utilize the internet’'s extensive
communication capabilities to access information and develop
online support groups with other persons with disabilities
through online platforms[13,22]. Theformation of these groups
may not only offer support and community-building but also
link users to an increasing amount of resources, knowledge,
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services, shared experiences, and social exchanges [3-5]. In
addition, computer-mediated environments afford them the
ability to break down physical and geographic barriers to
participation, including the constraints of time and distance,
which might otherwise exist [16,23].

Objective

Although it is known that persons with disabilities utilize SNS
[2], itisstill unclear how they utilize the variousformsof online
communication for support. There is a lack of research
qualitatively assessing the interactions occurring among
individuals within these online communities as well as the
variation of quality and content from site to site [13]. With the
risein popularity of online support groups and the ever-changing
nature of the internet, there is aneed to explore the experiences
of personswith disabilitiesin various supportive communication
settings. The objective of this study wasto explore and compare
the interactions and connections among online support groups
to understand how personswith disabilitiesare utilizing different
SNS to gather and disseminate information and foster
community support. Specifically, 3 SNS were selected for
comparison: (1) Facebook groups, (2) onlinediscussion forums,
and (3) online chat rooms. These platforms were selected
because of their popularity as platforms for the formation of
online support group communities[3,5,14,20]. All 3 platforms
offer users distinct environments for various types of social
support to be exchanged. In addition, social support has been
shown to exist among each of these online platforms to some
degree [4,5,18,20].

Methods

Description of Social Networking Sites

Due to its popularity and accessibility, Facebook has become
acommon platform for the organization of online support groups
[24]. Facebook offers both synchronous and asynchronous
featuresto its users, such asthe ability to react to, comment on,
or share a post. Compared with online discussion forums and
online chat rooms, Facebook is a less anonymous platform.
Although the use of Facebook as a means for Web-based
interaction has increased in popularity over the past decade,
online discusson forums are ill regularly used by
approximately 20% of online users in the United States [25].
Discussion forums are an asynchronous communication platform
whereby one person writes a post which is then answered by
other members, thus creating a thread of posts related to one
subject [14]. Discussion forums are a common platform for
online support groups. They have been shown to be a useful
source of support [14,25] and to be helpful to users because
they can provide connectionsto otherswith similar experiences
[26]. Online chat rooms that cater specifically to persons with
disabilities also exist [22]. Chat rooms are a synchronous form
of communication, that is, communication occursin real time,
and simultaneously, between users. Both discussion forumsand
chat rooms afford their users anonymity [25].

Data Collection

The study was approved by the Institutional Review Board of
the University of Florida. During the approval process, the

http://rehab.jmir.org/2019/2/€12667/
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information being obtained for this study was deemed public
record and, therefore, exempt from informed consent. All data
were deidentified before being analyzed by the researchers.

Facebook Groups

General disability support groups were targeted for the study
toincreasethe generalizability of theinformation posted. These
were groups that did not identify themselves for a specific
disability (ie, epilepsy and multiple sclerosis). The term
disability support group was searched using the Facebook search
bar function. The Facebook groups had to have at least 6
months' worth of data to collect to beincluded in this studly.

In total, 3 disability support groups on Facebook wereinitialy
identified according to group type (genera disability support
group) and group size. Names of the specific groups have not
beenincluded to protect all individuals' identities. Upon review
of the identified support groups, only 1 group fully met our
inclusion criteria of having at least 6 months' worth of datato
collect. Therefore, the other 2 groups were excluded from this
study. The included Facebook group had 11,765 followers at
the time of the study and was an online support community for
anyone who had a disability or supported someone with a
disability. Screenshotsof posts, commentsto posts, and reactions
on posts were captured to assist with analyses. After 6 months’

worth of data were collected retrospectively, there were a total

of 133 Facebook posts, al of which wereanalyzed. All postings
were deidentified to protect participants' identities.

Discussion Forums

Thediscussion forumswere selected through the Google search
engine using the keywords disability and disability support
group. The discussion forums had to be publicly available and
have active discussion to be included in the study. Out of the 4
discussion forums initially identified, only 2 met the inclusion
criteria. There was no set time period for data collection from
theforums. Discussionsfrom the designated forumswere chosen
based on high activity levels. Discussionsfrom theforumswere
copied and pasted verbatim for analysis. A total of 116
discussion forum postswere collected and analyzed. All postings
were deidentified to protect participants identities.

Chat Rooms

Similar to the discussion forums' selection, online chat rooms
were chosen through the Google search engine using the
keywords disability and disability support group. Chat rooms
had to be publicly available and have active participation to be
included in the study. A total of 2 chat rooms were selected,
both meeting theinclusion criteria. It was predetermined by the
researchers that a minimum of 60 hours of live session chat
room data should be collected. Chat room data were collected
during live sessions at various times on weekdays (Monday
through Friday) and weekends (Saturday and Sunday) to ensure
that all forms of conversations and all active participants were
captured in the data collection process. To capture an accurate
representation of communications occurring among chat room
users, the researchers collected live session chat room data at
different times of the day: 20 hours of data were collected in
the morning (8:00 am-11:00 am) and early afternoon (11:00
am-1:00 pm); 20 hours of data were collected in the midday
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(2:00 pm-4:00 pm) and evening (4:00 pm-9:00 pm); and 20
hours of datawere collected at night (9:00 pm-12:00 am). Each
of these time points were collected on each day of the week.
Discussionsfrom the online chat roomswere copied and pasted
verbatim for analysis. All postings were deidentified to protect
participants’ identities.

Data Analysis

The constant comparative method was used to analyze the
content from the Facebook support group, discussion forums,
and chat rooms to reduce the data into manageable units and
coded information [27-29]. To begin this process, trained
researchers independently open-coded the Facebook posts (AJ
and JQ) and the discussion forum and chat room posts (AV and
MA). Open coding has been defined as* the process of breaking
down, examining, comparing, conceptualizing, and categorizing
data” [27-29]. Upon completion of open coding, major themes
and subthemeswere carefully and purposefully developed from
these codes for the Facebook, discussion forum, and chat room
posts. Coding was continued until saturation of the data was
met and no new themes emerged [27-29]. To accurately
represent the discussions persons with disabilities had on each
platform, the information users posted was not fact-checked by
the researchers. This was decided as acceptable by the

Stetten et &

researchers because of the focus of this study being on the
content of what was being posted and shared and the ways
personswith disabilities utilized platforms, not on the accuracy
of what was being posted.

Results

Facebook Support Group

All Facebook support group posts were deidentified, and no
user names were included. Instead, quotes are presented as
blockquotes with the participant identifier as [User post] after
the quoted text to indicate an original comment. Quotes taken
from the Facebook support group underwent minor
modifications, such as corrections to spelling or grammatical
errorsand removal of explicit language. Theresearchersdecided
to modify postsin thisway to enhance readability of the posts,
alleviate any confusion to the reader, and protect the privacy of
all users. Quotes were only modified as long as the context of
the post did not change.

Among the 133 posts analyzed, the constant comparative method
revealed 4 major themes, as displayed in Textbox 1. The 4
themes that emerged through analysis of the Facebook support
group included mutual and shared experiences, societal
concerns, awareness, and health care policy (Textbox 1).

Textbox 1. Disability support group themes from Facebook, discussion forums, and chat rooms.

Themes:

Online platform: Facebook

«  Mutual and shared experiences
«  Societal concerns

«  Awareness

«  Health care policy

Online platform: discussion forums
«  Emotional outlet and support
e Hedth

o Quadlity of life

Online platform: chat rooms

«  Emotional outlet and support
e Hedth

o Quadlity of life

Mutual and Shared Experiences

Mutual and shared experiences' posts centered on participants
sharing details regarding their own disabilities and personal
stories. This was often as away to inspire, motivate, and relate
to others. The following is an example of 1 of these posts by a
Facebook group member:

Just wonder of those disabled out there, are there
otherslike me that only a few select family members
support you? | have a spouse that has no compassion
for me. Expects me to do everything, feels | am lazy,

http://rehab.jmir.org/2019/2/€12667/

not in any pain! He resents the fact | receive benefits
and don't work. 1'd give just about anything if |
wasn't ill and had no pain. | am looking for friends
that know how | feel. [User post]

People often responded with comments about how they are
experiencing or have overcome a similar situation. Although
not as frequent, some members posted on the Facebook group
asking for support through sharing GoFundM e pages or similar
financial support pages.
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Societal Concerns

Posts classified under societal concerns included participants
expressing their concerns regarding society’s interactions with
their disability. Group members posted about concerns or
excitement they had regarding inclusivity and accessibility in
society:

| agreewith you 100%. It sthe barrierswe encounter
through life. | never had trouble with kids as a child.
But was segregated from things due to lack of access.
Today it's better as far as schools and public
buildings. It has a long way to go. | encounter many
places that | STILL cannot get in the bathroom or
even the building. The American Disability Act exists
here for that. But it is not enforced. [User post]

Awareness

Awareness posts focused on events, helpful tools, and current
research that could increase participants awareness about
happenings in the disability community. The Facebook group
allowed for the dissemination of content to raise awareness
about several topics. For example, information about various
types of disabilities was shared to inform people of technology
they might not have heard about otherwise, often in the form
of Web-based articles or news articles. Some of the posts and
articles about technology included No tie shoelaces for people
with Autism or special needs, First paralyzed human treated
with stem cells has now regained upper body movement, and
The benefits of online therapy if you have a disability. Relevant
information about current research studies, prosthetics, and
articles and videos about new types of treatments for persons
with disabilities was also shared to increase awareness and
knowledge of group members.

Health Care Policy

Health care policy postsin the Facebook support group voiced
concernsregarding the impact of health care policy changesfor
persons with disabilities and current policy implementation in
the United States. Many posts discussed implications for
proposed policy changes to health insurance and other health
care—related policies. In response to their concerns, members
of the support group offered information and resources about
Medicare and Medicaid to members in need. For example, 1
user posted a short explanation about how to lower the amount
you are paying for Medicare:

To date, between 300 and 500 folks who were
members and/or recently joined the Disability Digest
have requested help with their Medicare Plans. It is
estimated that their savingswill be between $144,000
and $244,000 over the next year because they took
advantage of our free health care consultation, with
our health care experts. Now isn’t that a nice piece
of change. The average savings per person is $40.00
a month, simply by getting into the correct Medicare
Plan. [User post]

Other common concerns that were shared and posted by group
members involved government funding cuts and the current
political administration.

http://rehab.jmir.org/2019/2/€12667/
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Online Discussion Forums

All posts from the online discussion forums were deidentified,
and no user names were included in this paper. Quotes are
presented as blockquotes with the participant identifier as[User
post] after the quoted text to indicate an original post by aforum
user. The same steps taken for the modification of Facebook
posts were al so taken for the modification of discussion forum
posts. From the 116 discussion forums posts analyzed, 3 major
themeswerereveal ed: emotional outlet and support, health, and
quality of life (Textbox 1).

Emotional Outlet and Support

The theme of emotional outlet and support was characterized
by participants using connections provided through the forums
for social support, advice seeking, and expressing emotions.
Forum members posted about psychological stressand emotions
and often received feedback and advice from others. For
example, 1 member used a discussion forum as a space to
express their process of self-realization to other members:

People that have dealt with difficulties are thought
to be more compassi onate and have empathy for those
difficulties. I'm finding myself that in many ways this
isn't really true. I'm learning that | can share my
experiences and listen. It's not my job to fix their
problems. [User post]

This theme was also characterized by participants seeking
everyday support through small talk with other forum members:

One thing I've found about [this forum] isthat | can
have a disagreement with another member and yet
still remain friends. We can still give support to each
other joke around together. Thisa very special place
I'm thankful for it. [User post]

Health

The theme of health can be described as participants utilizing
the online discussion forum to share any physical, mental, or
health care-related stories. It was common for forum users to
post about their specific disability and the symptoms they
experience. Many users were shown discussing health by
describing their medical interactions. Medical interactions
ranged anywhere from their disability diagnosis by a
professional to symptom management. In the forums,
participants a so shared their personal medical diagnosis stories.
For example, 1 user described their injury and disability
sustained from adrunk driving incident:

| have four TBI [Traumatic brain injury] PTSD,
herniated disks throughout my back and most of my
neck. Alone with a variety of knee & hip injury. The
joys of being hit by a drunk driver. [User post]
In addition, many users mentioned mental health and mental
illness in their posts. These posts comprised mental diagnosis
disclosure, the emotions associated with such diagnoses, and
seeking support from others with similar mental health
experiences:

WAl | havealearning disability (idk which one) along
with depression, self-harm, and suicidal thoughts,
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and | been to a mental hospital twice...so that's my
junk | got to deal with...may | ask what disabilities
you guys have? I'd like to know if anyone on this site
is going through similar things. you don’t have to
answer of course. [User post]

Quality of Life

Discussion forum members posted on discussion boards about
their perceived quality of lifeand how their disabilities affected
their day-to-day lives in both positive and negative ways.
Quiality of lifewas shownto beinfluenced by perceptions about
discrimination, accessibility and technology, family and
relationships, and participation. One of the most common areas
discussed was on discrimination. Participants posted about how
acts of discrimination (ie, harassment or injustices done to
persons with disabilities) and discrimination in community
spaces (ie, neighborhoods, churches, and governmental agencies)
could negatively impact an individual’s quality of life:

One day a female carrier and myself was in a
discussion about school. She asked me about my
income. | told her | don't talk about with people
because it's no one's business. She said it was her
business because she works for the USPS. | told her
invery unclean language how | seethat, and left. She
started mishandling my mail, so | filed for grievance.
[User post]
Forum members also shared about how accessibility could be
positive or negative. Structural and environmental changes to
make places more accessible for persons with disabilities were
perceived as positive, but thelack of accessibility in most places
was perceived as negative:

I am lucky enough to have moved in when the big
adaptations were in place. | am extremely grateful
for a fabulous wet room that | can access even on a
wheelchair. The only addition made to this after |
moved inwas a “ BIO BIDET”, thisis a godsend for
me with the personal problems | have, the simple act
of being able to attend to your own toilet needs is a
great boost to one's self esteem. [User post]

In addition, discussions forums were used as a way to share
information with persons with disabilities about opportunities
to participate in various activities and hobbies, such as jobs,
sports, or entertainment, illustrating a willingness to help one
another.

Online Chat Rooms

The same steps taken for the modification of Facebook posts
were also taken for the modification of chat room posts. In
addition, for chat rooms specifically, it was common for multiple
conversations to be going on at once. To eliminate confusion,
the researchers deleted any comments not relevant to the
ongoing conversations. Quotes from the online chat room data
presented in this section are accompanied by anonymized
identifiers. These were created to protect the identities of users.

From the 60 hours of data collected from the 2 online chat
rooms, 3 major themes emerged: chat room interactions for
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emotional outlet and support, health, and quality of life (Textbox
1).

Emotional Outlet and Support

The theme of emotional outlet and support was characterized
by chat room conversations where participants sought social
support and interactionsfor physical, mental, and environmental
struggles from other participants. The chat rooms served as
spaces for participants to vent to one another, share fedlings of
distress and coping mechanisms, and receive feedback and
advice from others when solicited. Moreover, they offered
spaces for support through small talk and member interactions.
Participants engaged in exchanges with other members by
sharing information regarding everyday life, such as this
interaction in one of the chat rooms seeking experientia advice
about finding ajob as a persons with disabilities:

Did you have a bad experience trying to find a job?

[User A]

| was being thrown many curved balls [User B]

That with determination [User B]

Sometimes people take my kindness as a weakness

and they get surprised [User A]

It can be done [User B]

Some people do use people’s kindness to gain from

[User B]

Especially the people around my neck of the woods,

give theman inch and they take a lightyear [User C]

Yeah | admit | lost a lot of my confidence when |
became disabled, but just running this household |
am getting it back [User A]

Health

The theme of health in online chat rooms was characterized by
participants posting their daily physical, medical, and mental
signs and symptoms of disabilities as a way of sharing their
health experience with other users. Participants engaged in the
online chat rooms by describing their specific disability, the
symptoms associated with it, the way they managed their
symptoms, and their interactions with medical professionals.
The discussion bel ow demonstrates the back-and-forth between
users about their disability stories:

Are you disabled User E? [User D]
Yup, multiple spinal diseases [User E]
Sorry to hear [User D]

| have crushed spinal cord [User D]

No problem had quite a while to get used to it, its
degenerative and very painful [User E]

Try and stay happy lol [User E]

You will get comfortable here...I have degenerative
bone disease aswell, in feet and moving up [User F
Accentuate the positive... [User G]

Mine was lower back to start with affecting my legs
& feet but now it'sin my neck causing problems with
my arms & hands [User E]
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Mental health was another popular discussion topic among
persons utilizing chat rooms, especially participants personal
experienceswith diagnosis, how their illness affected them, and
coping mechanisms they use. This excerpt from a chat room
exemplifies how users discussed mental health with one another:

I will admit | planned my funeral [User B]

Some things that went through my head omg [User
Bl

Stll gets scary when legs you count on don’t respond
toinput [User D]

Then you try hard to find comfort in routine and
become dependent on what you expect to go smoothly
as every other day but get hit with a sudden jolt and
it wrecks your nerves and throws off your balance
[User C]

| call them curved balls [User B]
But | think, why was that thrown at me [User B]

Was having a good month so far then WHAM my bank
account got hijacked [User C]

Quality of Life

Quality of life chat room discussions centered around the
individual's perception on how disabilities positively or
negatively affected their day-to-day life. Factors contributing
to quality of life included jobs, finances, medical coverage,
socia support (eg, family and relationships), daily struggles,
and issues regarding environment and accessibility. For instance,
1 chat room conversation was centered around an individual’s
struggleswith Medicare, prescriptions, and lack of information:

My Medicare keeps getting hacked for prescriptions,
I have no idea how they get it but | have had several
scripts filled in my name in Charlotte for different
types of pain medication and Adderall [User A]

It's odd they are hitting small amounts [User C]
They do that [User B]

Damn that’s horrible [User C]

Hoping you don't notice [User B]

Scammers everywhere, but | still see the good in
mankind [User B]
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W&l no oneisdoing anything about it, you need valid
ID in NC to pick them up, but maybe they are fake,
they tell me nothing. | just have to deal with it every
time my doctor checks my records so he can fill mine
[User A]

Relationships were another aspect of quality of life that users
were willing to disclose and discuss, often seeking counsel or
solace:

Hey all, needing some help processing something at
the moment. Not sure if thisis the best place for this
but here it goes. | found out today that my husband
has been cheating. Any married gays out there with
words of support? [User H]

Chop his*explicative* off [User 1]

| don't really know what there is to say. But sitting
thinking about it hasn't been productive for me[User
H]

Collect proof first, without letting on that you know
[User K]

Especially among participants in the chat rooms, personal
information regarding family, relationships, and significant
others was shared. Chat room members expressed how certain
factors relating to family, relationships, and significant others
influenced their quality of life.

Discussion

Principal Findings

In this study, we explored the waysin which online communities
were utilized by persons with disabilities to facilitate
communication interchange, disseminateinformation, and foster
community support. The results indicate that persons with
disabilitiesare utilizing the 3 platformsfor variousinteractions
(Table 2 and Textbox 2). On the basis of the findings of this
study, the medium with which the individual is interacting (eg,
Facebook, discussion forums, or chat rooms) influences the
individual’sinteractions. They arelikely intentionally choosing
to interact on a platform based on the functions it offers. It is
possiblethat specific platforms serve specific purposes that may
not be interchangeable [25].
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Table 2. Differences between how persons with disabilities used the 3 social networking sites.
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Differences across

Social networking site

platforms
Facebook Discussion forums Chat rooms

Typeof socia support Informational, esteem and emotional, Informational, esteem and emotional, Informational, esteem and emotional,
and instrumental and belonging and belonging

Format Structured Less structured and informal Less structured and informal

Topics of discussion

Familiarity with group
members

Depth of content
Type of interactions

Personal identifiers

News stories, raising awareness, and ad-

vocating for persons with disabilities;
very little mention of mental health

Little sense of familiarity among mem-
bers

Surface level sharing
Mostly positive responses

Information shared and discussed was

Advice seeking, emotional processing
and stress relief, and day-to-day experi-
ence of living with a disability; almost
daily discussions of mental health

Some sense of familiarity anong mem-
bers

Surface level to medium-depth sharing

Mostly positive responses with some
negative responses

Anonymous

Small talk, emotional processing and
stress relief, disability disclosure, and
day-to-day experience of living with a
disability; almost daily discussions of
mental health

Greatest sense of familiarity among
members

In-depth sharing

Positive and negative responses

Anonymous

linked to personal Facebook accounts

Textbox 2. Similarities between how persons with disabilities used the 3 social networking sites.

Similarities across al platforms:

«  Members both request and provide information
o Members sympathize with one another

«  Support through shared experiences

« Platforms serve as safe spaces for sharing among members

«  Functional socia support present among each type of socia networking site

The Facebook support group for persons with disabilities
emphasized mutual and shared experiences, societal concerns,
raising awareness, and concerns about health care policy in the
United States. People in the Facebook group seemed willing to
be somewhat vulnerable within this online community setting,
sharing stories of personal distress, independence, and support
(or lack thereof); however, interactions within the Facebook
group appeared much more structured and superficial than
discussion forums or chat rooms (Table 2). The perceived
injunctive norms might contribute to the structure and
superficiality among Facebook support groups [30,31]. In
addition, the Facebook group provided a safe space for usersto
respond to news stories and articles about abuse, violence, and
discrimination against persons with disabilitiesaswell asshare
their concerns or excitement regarding inclusivity and
accessibility in society (Table 2 and Textbox 2). It is possible
that this platform allows people to share about certain topics
without fear of criticism, negativity, or backlash from others.
This may not be the case if one of them were to post similar
content on their personal Facebook timeline.

The most common forms of interaction between members of
the Facebook group included requesting and providing
information, sympathizing with other users, raising awareness
and advocating for persons with disabilities, and generating
support through shared experiences and concerns (Table 2). The

http://rehab.jmir.org/2019/2/€12667/

i nteractions between members correspond to both informational
and esteem and emotional social support (Table 2). These
findings align with research conducted by Mustafa et al [24]
who found that Facebook support groups for parents with
Autism Spectrum Disorder were commonly used for
informational support, emotional support, and sharing of
personal experiences. The findings are also in line with a
different study, which found that Facebook, as an SNS, was an
online environment well suited for the exchange of informational
support [20]. Although not as common, instrumental support
was sought by some Facebook group members. This was
exemplified by members sharing their financial support pages,
most likely as a request to receive instrumental support from
the online community (Table 2).

In comparison, the interactionswithin online discussion forums
and chat rooms were less structured than the Facebook support
group and more similar in the way persons with disabilities
utilized them (Table 2). The same 3 themes emerged in both
the platforms: emotional outlet and support, health, and quality
of life. Both platformswere most commonly used as venuesfor
personswith disabilitiesto relieve psychological stress, express
themselves emotionally, and share and vent about their
experiences in hopes of receiving positive support, feedback,
and relief from others (Table 2). Members seemed especialy
grateful for the existence of a safe space where mundane,
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everyday interactions could take place, and yet, the individuals
still felt a sense of belonging and support by their community
(Table 2 and Textbox 2). Although both platforms exhibited
interactions characterized by members responding both
positively and negatively to others, these types of interactions
were most common among online chat room users (Table 2).
These interactions seemed accepted, and expected, by members
of the chat room, exemplifying a comfort among chat room
users to offer support in the most candid ways possible. This
familiarity seemed to encourage real and honest connections
between users, similar to a group of tight-knit friends (Table
2). These findings demonstrate the existence of esteem and
emotional, belonging, and informational social support among
discussion forums and chat rooms (Table 2).

Interactions in discussion forum and chat room settings are
anonymous, a feature that has been found to be valuable to
personswith disabilities on these platforms[14,23,25,32] (Table
2). Anonymity is not a feature of Facebook, as your profile is
linked to your name and usually includes a picture of yourself
(Table 2). It is possible that interactions are more candid and
unstructured among forums and chat rooms because of the
comfort and protection anonymity can provide for users
[14,16,25,32]. This could aso explain the prevalence of
discussions surrounding mental health issues on both forums
and chat rooms and thelack of such discussion on the Facebook
group (Table 2). Members of the forums and chat rooms
mentioned their experiences with mental health almost daily,
whereas members of the Facebook group seldom posted about
mental health and mental illness (Table 2). Mental health and
mental illness discussionswere most preval ent among chat room
users compared with any of the other support groups.

In general, chat room discussions of mental health and mental
illness were more in-depth and descriptive, with participants
offering more personal details (Table 2). Participants logged
into the chat room would respond to others in supportive,
consoling ways and attempt to offer hel pful adviceto disclosing
users. Discussion forum posts were more surface-level in their
discussion of mental health and mental illness, with participants
offeringlittleinsight into their own personal experiences(Table
2). Facebook group posts were mostly aimed at spreading
awareness as opposed to disclosing one’'s own personal
experience with mental illness (Table 2). These findings suggest
that a safe and anonymous online environment might help
facilitate engagement in discussions about commonly
stigmatizing and taboo topics.

Limitations

This study is not without limitations. First, the data are
subjective based on the researchers’ interpretations, as is the
nature of qualitative research. The importance of using
qualitative methods for this study, however, should not be
understated. The content gained from a qualitative process
provides a more in-depth and nuanced understanding of how
Facebook support groups, discussion forums, and chat rooms
are used by persons with disabilities. Although qualitative
studiesarerelevant and important in their own right, quantitative
research is also necessary as anext step. Future research could
investigate how the effectiveness of online social support can

http://rehab.jmir.org/2019/2/€12667/

Stetten et &

be maximized for persons with disabilities. Second, as only 1
Facebook online support group was analyzed in this study, we
cannot generalize these findings to all support groups on
Facebook. Discussion within this Facebook group was not
necessarily encouraged between members, which might indicate
a more passive approach to participation among Facebook
support group users. This could potentially limit the usefulness
of support offered through this domain or influence the type of
support that is perceived or received. It is possible that users
seek out support groups on Facebook because of this type of
participation; however, further researchisrequired to understand
how and why users seek out certain forms of online support and
the roles active and passive participation play in the overall
perception and reception of socia support. Third, because of
the predetermined date constraints and the difficulty collecting
data from live chat rooms, only a few groups for each type of
SNS were analyzed and compared. As this was a pilot study,
the number of groups per SNS needed for the researchers to
capture a snapshot of what was occurring in online disability
support groupswas small. In the future, more groups should be
analyzed and compared to enhance the explanatory power and
generalizability of the study. It might also be important to
investigate online socia support among SNS groupsasit relates
to specific disabilities. Future studies could compare online
support groups among these 3 SNS by type of disability to
understand the similarities and differences of how individuals
with varying disabilities interact. This could provide an even
more nuanced understanding into the ways SNS are used for
social support by persons with disabilities.

Implications of Findings

This study allows usto focus on and determine beneficial ways
to incorporate SNS into treatment, foster social support, and
develop awareness among the community of persons with
disabilities. Future directions highlight the potential to intervene
with this population through social network mediums. Future
interventions can be developed utilizing Facebook, discussion
forums, and chat rooms as mediums, depending on the desires
and needs of the population of persons with disabilities.
Moreover, the reach of these Web-based interventions and
groups can be easily assessed because of increasing ease of
access to the internet.

Online support groups are not bounded by space constraints.
They are a medium where perspectives, experiences, and
viewpoints are welcomed, and diversity is encouraged, while
also promoting a feeling of universality among members [32].
Online support groups offer the ability to increase support for
persons with disabilities while simultaneously breaking down
the geographic, transportation, and stigmatizing barriers this
population faces. Facebook support groups, discussion forums,
and chat rooms represent 3 unique platforms where social
support can be facilitated via social networks. Interactions on
each of the platforms displayed elements of each of the 4 types
of socia support (esteem and emctional, informational,
instrumental, and belonging; Textbox 2) [6,9], indicating the
ability for social support to be facilitated among SNS.

As social support is being provided (in varying ways) on each
of the online platforms studied (Table 2 and Textbox 2), it is
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important to understand how online social support might
influence the health and well-being of personswith disabilities.
Online social support has been suggested to have similar benefits
to those of in-person social support, including benefitsto health
and well-being [6,16,18,25,33]. Disability research has shown
that social support hasthe ability to either alleviate or exaggerate
disability symptoms depending on several factors [34].
According to the 3 theoretical models of social support [9,10],
social support can influence health in many ways. Asthe nature
of the study was qualitative, we could only speculate how the
interactions of persons with disabilities via these platforms
might have positively influenced their health.

The stress prevention model posits that social support may
provide anindividual with resourcesto avoid or reduce exposure
to certain stressors. Reduced exposure to stressors, in turn, is
associated with enhanced health [9,10]. Through the facilitation
of social support among online communities, group members
may be able to provide other persons with disabilities with the
resources they need to avoid or reduce their exposure to some
types of stressors. This could be by influencing cognitive
processes, encouraging proactive coping, or decreasing exposure
to secondary stressors [9]. There is also the stress buffering
model, which proposes that social support can act as a
stress-buffering agent. In this model, social support provides
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resourcesthat help an individual appropriately cope with stress,
which buffers the association between stress and health-related
outcomes[9,10,15]. The provision of social support fromonline
support group members could enhance one’s coping resources
and interpretation of their stressful situation, thus weakening
the harmful effects of stress on health and well-being [9,15].
Finally, the direct effect model suggests that social support is
effective in a more genera sense, regardless of stress. This
model is concerned with the ways in which membership in a
social network and an individual’s sense of connection has an
overal beneficial effect on their well-being, health, and
health-related outcomes [9,10,15]. By being a member of an
online support group, persons with disabilities might have,
overal, a greater sense of connection and feel cared for and
supported by others[9].

SNS allow persons with disabilities to mobilize social support
in ways similar to traditional offline settings and in ways that
are unique to online contexts. As social platforms continue to
develop, grow, and evolve, they have the potential to help
reduce, and possibly eliminate, many of the barriers to social
support experienced by persons with disabilities. In doing so,
these platforms could have lasting impacts on both their health
and well-being.
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Abstract

Background: Individualswith adisability and their partners, who often provide care, are both at risk for depression and lower
quality of life. Mobile health (mHealth) interventions are promising to address barriers to mental health care. Rehahilitation
researchers and software development researchers must collaborate effectively with each other and with clinical and patient
stakehol ders to ensure successful mHealth devel opment.

Objective: This study aimed to aid researchers interested in mHealth software development by describing the collaborative
process between a team of rehabilitation researchers, software development researchers, and stakeholders. Thus, we provide a
framework (conceptual model) for other teams to replicate to build a Web-based mHealth app for individuals with physical
disability.

Methods: Rehabilitation researchers, software development researchers, and stakeholders (people with physical disabilitiesand
clinicians) areinvolved in an iterative software development process. The overall process of devel oping an mHealth intervention
includesinitial development meetings and a co-design method called design box, in which the needs and key elements of the app
are discussed. On the basis of the objectives outlined, a prototypeis devel oped and goes through scoping iterations with feedback
from stakehol ders and end users. The prototypeisthen tested by usersto identify technical errors and gather feedback on usability
and accessihility.

Results: Illustrating the overall development process, we present a case study based on our experience developing an app
(SupportGroove) for couples coping with spinal cord injury. Examples of how we addressed specific challenges are al so included.
For example, feedback from stakeholders resulted in development of app features for individual s with limited functional ability.
Initial designs lacked accessibility design principles made visible by end users. Solutions included large text, single click, and
minimal scrolling to facilitate menu navigation for individuals using eye gaze technology. Prototype testing alowed further
refinement and demonstrated high usability and engagement with activitiesin the app. Qualitative feedback indicated high levels
of satisfaction, accessibility, and confidencein potential utility. We al so present key lessons|earned about working in acollaborative
interdisciplinary team.

Conclusions. mHealth promises to help overcome barriers to mental health intervention access. However, the devel opment of
these interventions can be challenging because of the disparate and often siloed expertise required. By describing the mHealth
software development process and illustrating it with a successful case study of rehabilitation researchers, software development
researchers, and stakeholders collaborating effectively, our goal is to help other teams avoid challenges we faced and benefit
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from our lessons learned. Ultimately, good interdisciplinary collaboration will benefit individuals with disabilities and their

families.

(JMIR Rehabil Assist Technol 2019;6(2):€13511) doi:10.2196/13511

KEYWORDS

spinal cord injury; software design; interdisciplinary health team; rehabilitation; internet

Introduction

Background

Individuals with disability, including spinal cord injury (SCI),
traumatic brain injury, and stroke, are at greater risk for mental
health i ssues such as anxiety and depression compared with the
general population [1-3]. Yet, findings across the literature
consistently document low rates of mental health treatment in
these groups. Major barriers exist in accessing effective
treatments, including the availability of cost-effective,
accessible, and affordable interventions, particularly in more
rural areaswheretransportation barriers may exist [4]. Assuch,
there isacall for improving access, cost, and effectiveness of
treatment for individuals with physical disability [5,6].

Mobile health (mHealth) interventions, defined by the World
Health Organization as “medical and public health practice]s]
supported by mobile phones, patient monitoring devices,
personal digital assistants, and other wireless devices,” offer a
promising means to overcome many barriers to treatment,
including affordability, access, and convenience [7,8]. For
example, several mHealth interventions have been developed
to provide support for self-management and address physical
and psychological needsfor individualswith avariety of chronic
conditions, including diabetes, depression, and chronic pain
[9-14].

Despite the promise and proliferation of mHealth interventions,
thereis often little attention paid to the design of mHealth tools
and apps; the design can be critical to the usability and success
of interventions [15]. Research teams interested in pursuing
development of mHealth apps may lack critical knowledge of
the software development landscape and have limited
understanding of how to promote optimal app design [16]. In
addition, they may struggle with accessing software developers
familiar with the complexities of mHealth, engaging the research
population, identifying underlying clinical or research goals,
and addressing ethical and legal considerations. Although
researchers are well trained in the development of high-quality
evidence-based interventions, mHealth appsthat fail to address
issues of usability and the needs of the target audience will have
limited applicability [17].

Although mHealth design can be challenging for the genera
population, more specialized mHealth solutions may be required
to address the unique usability needs of persons with physical
limitations, compounding the difficulties. For example, mHealth
apps should be compatible with consumer off-the-shelf
technologies that support communication limitations, such as
eye gaze devices, which isnot astandard integration. Universal
design guidelines and accessibility-based approaches have
drawn much-needed focus on providing access to technology

http://rehab.jmir.org/2019/2/€13511/

for individuals with disabilities. However, these frameworks
are not sufficient and could even be counterproductive; the
inherent variability in needs makes it difficult and unrealistic
to develop products for every user. Instead, developers may
create productsfor average user accessibility needs, which may
further marginalize individuals with disability. Although
compliant with accessibility guidelines, resulting products may
not be usable by the specific intended audience [18]. Building
on universal design approaches, Newell [18] proposed a
user-sensitive inclusive design, which incorporates a
user-centered approach and emphasizes working with target
audiences to better understand and design for specific needs.
Our framework expands on the user-sensitive inclusive design
by emphasizing the rel ationships between software devel opers,
rehabilitation researchers, and stakeholders as partners to
effectively use technology to deliver evidence-based
interventions addressing key needs. A user-centered approach
and iterative design process are critical to supporting the needs
of personswith avariety of disabilities[19], affecting both the
efficacy of theintervention and the effective use of the mHealth
technology. As such, involving the unique expertise held by
rehabilitation researchers, software development researchers,
and clinician and patient stakeholders at every stage of the
designiscritical for success.

Without a shared understanding between siloed areas of
expertise, avariety of pitfalls can occur. Teams can experience
frustration and conflict, deadlines can be missed, and unexpected
costs can be incurred. This is particularly true when
collaborators are in different types of institutions, for example,
universities and private companies. Ultimately, an ineffective
relationship between rehabilitation researchers, software
development researchers, and stakeholders can and frequently
does|ead to the development of mHealth apps that do not meet
the needs or standards of one or more of these groups. Poor
design choicesthat fail to meet the requirements of the end user,
lack positive user engagement, or do not demonstrate evidence
of efficacy will be misused or underused and ultimately fail to
meet their original objectives [20]. The proposed solution for
these pitfalls presents itself in a collaborative partnership, in
which rehabilitation researchers, software development
researchers, and stakeholders are aware of each other’s goals
and expectations and can communicate more effectively. Inthis
way, an idea can successfully become atangible product.

Objectives

The objective of this study was to describe the collaborative
process between a team of rehabilitation researchers, software
development researchers, and stakeholders with unique areas
of expertise. We provide a framework to guide the creation of

aWeb-based mHealth app intended for individual swith physical
disability. We first describe the overall process used for app
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development and then present a case study to describe our
specific experience.

Methods

Participants and Team Members

As previously noted, the key to the proposed app devel opment
approach isacollaborative partnership between 2 research teams
and audience, which consists of stakeholders and end users
(Figure 1).

Rehabilitation researchers included a team of 3 clinica
researchersand asocial scientist with expertisein relationships,
behavioral interventions, communication, family care partners,
positive psychology, intervention devel opment, activity analysis,
and adapting technol ogiesto meet functional ability needs. The

Figure 1. Design box. SCI: spinal cord injury.

Terrill et al

clinical researchers provided expertise for individuals with
physical disabilities, specifically SCI for purposes of this project.

The members of this software development research team
worked in a game and app development laboratory located on
ahealth sciences campus. This laboratory offers specialization
in inductive and co-design methods with expertise in
development of patient and health system facing games and
apps. The team included faculty, a project manager, student
artists, engineers, and producers.

Individuals with SCI and care partners were included as
stakeholdersand end users. Stakeholdersaso included clinicians
and therapists: occupational therapists with specific expertise
in adaptive technology and SCI, a SCI rehabilitation physiatrist,
and an adaptive recreation program coordinator.

The technology should be consideredin the
development. For example, determining the
best/most frequently used device, and
affordances and design patterns for these
devices. Forrehabilitation populations, what are
considerations for adaptive technology?

The audience consists of:
(1) Stakeholders refersto
anyone who could say noto
the product, for example,
clinical population, clinicians
who might refertheir clients to
the product, and project
funders.

asuaipny

(2) End users are the
individuals who will actually be
using the app, in our case
couples coping with SCI

Technology  Aesthetic elements focus on

Problem statement

how the end-user will fee/when

| using the software, as defined
by how it looks, sounds, is
branded, and the stylistic
considerations that govern all of
these. For example, should the
design be clean-cutand
professional or whimsical and
playful?

Aesthetic

The problem statementsums up the
problems the research team is trying to
address. Itis achieved by listing
problems faced by the target population,
researchers, and clinicians.

Process

The software development researchers provided information
early on about iterative software development, inductive and
participatory approachesto design, and the devel opment pipeline
and process. These were al very helpful for rehabilitation
researchers as the process has significant differences from
developing pen-and-paper interventions.

Thefirst major differenceinvolved ideation, understanding the
difference between a pitch and a hypothesis. Unlike deductive
methods that start with a hypothesis and involve an experiment
to support it, design and development precede the hypothesis.
In other words, the rehabilitation researchers started the process
with anidea, and then, using the design box process (see Figure
1), they worked with the software development researchers to
explore the design space and come up with a more devel oped
pitch. This developed pitch solved the same original problem
but accounted for the technical affordances of Web-based apps

http://rehab.jmir.org/2019/2/€13511/

and accessible websites, the end user needs, key stakeholder
requirements, and the aesthetics (or content and design related
to affect) of the project. Thisideation process saved the project’s
time and money, asinstead of building our initial idea, we used
a rigorous process that identified hurdles and holes before
spending resources on development.

We a so created a plan for the development timeline to ensure
resources would be available for all stages, including time for
stakeholders to contribute design ideas and provide feedback
regarding interfaces and processes. We also allocated time for
bug busting or identifying technical issues. Many rehabilitation
researchersfail to realize that making minor changesto the app
design often requires additional costs. As many scholars rely
on grants, it can be difficult to allocate additional funding to
development after the budget has been spent. Initialy, the
rehabilitation researchers thought that we would go from the
initial pitch, to production, to release, not thinking about the
other phases. However, we quickly realized that multiple
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iterationswere vital to have aproduct that was most appropriate
for the patient population. In addition, having a software
development researcher who was also a faculty member meant

Figure 2. Ideation to production pipeline.

RESEARCH

Preproduction

[Colloboration]

L Prototype ‘
i )

Scoplng
N
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that he could relate to the academic roles of the project but still

guidethe project through development. Figure 2 showsthe map

we used to pace our time and other resources.

TRANSLATION

: Bug fixing upportand
[PrOdUdlonj [Ohd polish ]Lmoln‘renﬂnce

i | <Test | Evaluation>

<Test | Evaluation>

__.-—z-».ui“,,.

DeveIOp

me

Design box
[Feedback]

Collaboration

Important to the collaboration component is creating the culture
that unites the rehabilitation and software development teams.
As part of the design box, collaborators are encouraged to use
“yes, and...” as opposed to “no, but” to foster an open,
collaborative environment. Thismode! of positive brainstorming
is based on improvisational acting culture as introduced to
software development by Randy Pausch and Don Marinelli at
Carnegie Mellon [21]. As an inductive and iterative process,
the design box aims to elicit ideas from all parties (audience
and researchers), allowing for both software that is responsive
to user needs and creative. On the basis of the elements
identified in the design box, the app developers then propose
various solutions.

Iteration

Weiteratively refined the app to meet the end users' needswhile
remaining true to the goals of the project.

Scoping

On the basis of available resources, both in terms of time and
funding available, the scope of the project needs to be defined
and often redefined throughout the development process.
Feedback

Stakeholders provide feedback regarding interfaces; contribute
to the design ideas;, and explain which aspects of mobile
interfaces, functions, and tasks they found important.
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Results

Case Study

Thefollowing case study describesthe process described above,
from initial app ideas to feasibility testing a prototype. Figure
3 shows a timeline of the project milestones. We offer our
experience as an example of challenges and solutions.

Context and Brainstorming

The rehabilitation researchers had previously developed and
pilot tested a self-administered pen-and-paper behavioral
intervention for couples coping with stroke. The existing
intervention protocol, described in more detail elsewhere[22],
included a 15-min in-person training session at an outpatient
clinic, after which participating couples completed the 8-week
intervention on their own, at home, using a paper activity bookl et
that described activities and apaper tracking calendar that acted
as a log. Activities were based on positive psychology and
included expressing gratitude, practicing acts of kindness,
focusing on the positive, working toward goals, fostering
relationships, savoring, and spirituality. As part of the
intervention, participants completed at least four of these 15-min
activities per week—2 asacouple and 2 individua ly—and were
asked to log their activity and mood afterward in the
pen-and-paper tracking calendar we provided. Participantsalso
received check-in phone calls from a research assistant once a
week to remind them to compl ete activitiesand send in tracking
sheetsby mail or email. Although the intervention was generally
well received and participants reported finding it beneficial,
therewere someissuesidentified by participants and researchers.
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First, there were accessibility issues; participantswere required
totravel totheclinicfor pre- and postassessments, and they had
some difficulties with the pen-and-paper tracking sheet
(forgetting to record activities, not having enough space to write,
and handwriting was difficult for many participants with
hemiparesis). There were also issues with data collection,
including missing data, inconsistencies in reporting, and
difficulty reading handwritten responses.

Due to these issues and the rurality of our catchment area,
moving the intervention to the Web was appealing to the
research team. However, with limited app development

Figure 3. Timeline of project milestones. SCI: spinal cord injury.

eInitial meeting with Gapp Lab
#Discuss potential stakeholders

#Investigator brainstorming session
#Design box #1 with GApp Lab
#Begin discussing accessibility features

+Invite stakeholders
*Design box #2 with GApp Lab
*GAppLab studentsstartcreatingapp

eFirstiteration of app
*Stakeholder meeting #1: neuro rehabilitation occupational

LT therapists

2017

€€

#Second iteration of app !

+Stakeholder meeting#2and 3: neurorehabilitation physician,
adaptive recreation program coordinator, individualwith SCI

#Begin discussing options for secure server/admin logistics

*Continual updatesto app to improve accessibility
#Begin brainstorming app name
+Begin app testing for bugs

#Begin planning forapp/intervention training videos
*Wrap kit with GApp Lab for fall semester, discuss future app goals
=Continue app testing

December

Some of the initial ideas focused on basic requirements of the
app. For example, given the nature of the intervention, it was
important for users to have their own space within the app but
also the ability to share with a partner. As the intervention
focused on doing activitiesinreal life, the app was not required
to house the actual activities, but rather house the reflections
on those activities. Thus, a journaling aspect was desired to
allow users to reflect on past activities, and given the target
population, the use of voice recordings or pictures was
discussed. Other ideas were brainstormed, including
gamification of the intervention to enhance engagement, adding
an avatar, and getting trophies when activities are completed.
On the basis of other apps, important aspects to desigh aso
included asimple and clean interface, being ableto share/engage
in afamiliar way, requiring little typing or text, and providing
ideas for activities. Although not all ideas were included in the
final app, this process helped the rehabilitation researchers to
fully consider the options of what this app could be.

Design Box

Following theinitial brainstorming, 2 design box meetingswere
held to identify the problems rehabilitation researchers were

http://rehab.jmir.org/2019/2/€13511/

RenderX
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knowledge, the app initialy envisioned by the rehabilitation
researcherswas limited to what amounted to adirect translation
of the existing pen-and-paper intervention, a simple Web page
describing activities with video examples. The primary
innovation was for the participant to be able to log an activity
completed to allow for morereliable tracking. However, during
the first meeting with the software development researchers,
the rehabilitation researchers were encouraged to Dream Big
and think about ways to enhance engagement with the app. The
rehabilitation researchers were also encouraged to look at
existing similar apps for appealing and unappealing features
and evaluate user-friendliness.

sDecide on app name: SupportGroove
sContinue app testing and fixing bugs

" /

#Video shoots: app/intervention training videos
sContinue app testingand fixing bugs

+Add all training videos to app
*Continue app testing and fixing bugs, include newvideos

*Wrap up spring semester with GApp Lab
*Continue app testing and fixing bugs, include videos and intervention
protocol

2018

€€C€EC€CECKL

*Begin discussing intervention protocol
*Begin discussing recruitment
sContinue app testing, include videos and intervention protocol

*Continue discussing recruitment
+Test fullintervention protocol with app

*Plan for recruitment of 1t cohort
sConsider alternate options for secure server
+Test full intervention protocol with app

*Secure servercreated
sBeginrecruitment of 1 cohort

trying to address, type of technology to use, who stakeholders
and end users were, and what aesthetic elements would look
like.

The first design box meeting was held with rehabilitation
researchers and the software development faculty and project
manager. To facilitate collaboration between the rehabilitation
and development teams and establish parameters for the app,
the design box meeting started with rehabilitation researchers
establishing what needs or problems they were trying to solve.
Importantly, this did not include providing potential solutions.
For example, there are various unmet needs in the SCI
population. The 3 main needs addressed by this team included
(2) high rates of depression and lower well-being inindividuals
with SCI and their partners, (2) limited accessibility of
treatments that support mental health/well-being, and (3) little
support for partners post-SCI. The rehabilitation researchers
were also encouraged to describe what problems they had
encountered with the previous pen-and-paper intervention
projects, for example, inconsistent or unreliable data collection
and missing data. All these problems were then distilled into a
single problem statement: “ Current self-reporting solutions that
address the well-being of SCI patients and partners are not
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effective in encouraging personal or dyadic driven activity
engagement, nor measuring and recording useful data of a
patient’s and partner’s well-being.”

The second design box was held with rehabilitation researchers
and all members of the software development research team
(faculty, manager, and graduate student team). Once again,
rehabilitation researchers provided a list of problems that the
intervention app would address, highlighting accessibility, which
included remote/rural access, problems identified with
pen-and-paper completion, and inclusion of the care partner.

On the basis of design boxes 1 and 2, a solution statement was
formulated: “The app provides a simple and clear web-based
platform where patients and care-partners can log their
experiences doing well-being activities, track how they fedl,
and interact on adaily basis, and identify positive and negative
trends during recovery with tools for clinicians to collect and
interpret data and progress.” The development of the app was

Terrill et al

focused on taking actions to address these goals in the solution
Statement.

Stakeholders

In addition to defining our problem statement, another guiding
principle was the inclusion of key stakeholders to provide
feedback throughout the design process. These stakeholders
wereidentified as content experts (clinicians) and intended end
userswilling to provide feedback on the app design, accessibility
concerns, and usability issues. The rehabilitation researchers
and software devel opment researchers met on multiple occasions
with stakeholders to discuss early iterations of the project and
later to examine and test the app. Inclusion of both the
rehabilitation researchers and software devel opment researchers
in stakeholder meetings enhanced appreciation of end user
accessibility and usability barriers [18]. Feedback and ideas
from stakeholders allowed improvement of app iterations (as
shown in Figure 4), including ease of use, access, and interface
with supportive technologies generally used among persons
with SCI.

Figure4. Stakeholders provided feedback oninitial designs (above), revealing accessibility issues. Final prototype (below) included minimal scrolling,

single click, and large buttons.

| Qp SCRIPPR-D
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Addressing Challenges

In the development of the app, the research team faced key
challenges beyond which activitiesto includein the app. These
included data security, remote accessibility, mobile device
logistics, and choosing aesthetic elements. Although peripheral
to the app activities themselves, these aspects had important
implications for the success of the app.

Security Aspects
Most general apps on the market do not obtain sensitive data;
thus, many app developers may not be aware of additional

security requirementsfor mHealth apps. Furthermore, regulatory
guidelines and best practices vary across disciplines and

http://rehab.jmir.org/2019/2/€13511/

RenderX

location, and understanding what they are and how to apply
them can be confusing [23]. mHealth apps developed for
research often collect protected persona information, such as
names or addresses. Even psychosocial information not
considered protected, such as mood ratings, is still sensitive;
thus, consent, privacy, and confidentiality are important
requirements.

The most important thing teams can do to protect participant
dataisto make users aware of what data are being obtained and
what will be done with it. Many existing commercial mHealth
appscan bring in data, such as photos or location, from avariety
of mobile device sensors and may also send or sell data to
third-party companies, including high-risk data, without the
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awareness or explicit consent of users[24]. Beyond purposeful
sharing of data, teams should also be mindful of making data
available only to authorized users. Especially on mobile devices,
it isimportant to have securelog-insto ensure only theintended
user can accessthe app. Thisisimportant for privacy protection
and ensuring research teams are collecting valid data from the
correct user. In addition, research teams are responsible for
protecting data on the back end; this includes storing data on
secure servers and encrypted data transfer [24].

Our research team benefited from being housed in a university
setting, where regul atory professionalswere availableto advise
us and where a secureinfrastructure (eg, encrypted, secure data
collection tools, and Health Insurance Portability and
Accountability Act of 1996 [HIPAA]-compliant server) was
already available. However, understanding which regulations
were applicable and ensuring the protections were in place to
mitigate risks was still a challenge. Our research team reached
out to several offices on campus before we were able to find
theright peopleto help identify and meet our needs. In addition,
we had to consider how much protected personal information
to include within the app itself. As we were interested in
collecting demographic, health, and psychosocial information
for research, above and beyond what was critical to the tool,
we elected to use Research Electronic Data Capture (REDCap)
for our questionnaires[25,26]. REDCap (project-redcap.org) is
adata collection and management software used by universities;
amajor advantage to thiswas that the security of the server and
security of the data were already well managed institutionally.
Although our app itself ishosted on aHIPAA-compliant server
and the data collected are encrypted, we wanted to ensure that
the most sensitive data were even better protected.

Remote Accessibility

Remote accessibility is a key part of the development of this
app. As a core purpose of this app is to promote accessibility
for individuals who are unable to meet in person because of
disability or location (eg, rural), afocus on remote accessibility
is imperative. To address this, instructions for how to use the
app are emailed, and videos are embedded in the app to provide
instructions on how to complete the activities. REDCap is not
only used to securely gather data through pre- and
postassessments but also to send automated weekly reminder
emails. Brief surveys are embedded in the app to collect data
on mood every week. We also include a Contact Us button in
the app. Finally, our pilot study protocol includes in-person or
virtual meetings with participants, if needed, to troubleshoot

the app.

Moaobile Device L ogistics

Given our focus on accessibility, there were other technology
specifications that we had to consider for the SCI population.
One of the first decisions was to determine the type of device
to use as this would drive many of the other decisions. On the
basis of demographic statistics on mobile phone use and
feedback from stakeholders, we determined that most individuals
with an SCI have access to a mobile phone, generally enabled
with accessibility options, but do not necessarily have as easy
access to a computer. Moreover, most people generally carry a
phone with them everywhere they go, increasing ease of activity
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logging anytime rather than having to wait until they have access
to acomputer. Although the mobile phoneisthe preferred device
for displaying the app, we decided that a Web-based app would
be more appropriate than a downl oadable native app to ensure
the intervention could be accessed from any connected device.

Technology

Various accessibility options we initially discussed included
eye gaze, switches, large buttons, text to speech, speech to text,
mouthstick, control from a power chair (eg, Bluetooth), and
drop-down menus. However, including all these options would
have exceeded our budget and timeline. Considering input
received from stakeholders, we decided to target accessibility
for individual swith higher-level spinal cord injuries (eg, injury
above the sixth cervical vertebrae, C6), rather than those with
lower-level injuries, because those with higher-level injuries
generally have more mobility restrictions. Our main design goal
was simpler is better so that in the future, more accessibility
features could be added. For example, we minimized the number
of buttons to push when navigating the app and minimized
open-ended responses as we found these are often difficult to
navigate with accessibility featuresin other apps.

Aesthetic Elements

The previously described choices also fed into the choices
surrounding the aesthetics of the app. For example, the overall
aesthetic feel of the app was intended to be polished and clean,
which aso coincided with the practicality of using adaptive
technology and the desirefor the app to be acalming experience.
Other apps may want to elicit amoresilly or energetic feel. The
color palettefor the app (colorsfrom nature) was sel ected based
on our aesthetic preference for a more calming experience as
well as wanting to make the app useable for those who are
colorblind. The nature theme and desire for simplicity also
extended to our logo.

Choosing an app name was a somewhat unanticipated challenge.
Our goal wasto convey the purpose of the app in aconcise way.
However, it was also important to consider the availability of
the domain name and social media handles for branding
purposes. Furthermore, we wanted to avoid any potentially
insensitive connotations, for example, steering away from
“Stepping Up” for an app designed for someone with SCI. The
team used a positive brainstorm ideain which it declared a set
of values and had team members quickly write words on a
whiteboard similar to afree association process. Once the team
had exhausted the words or reached theoretical saturation, they
attempted to draw connections between them to come up with
aname.

Existing branding may also dictate choices in colors and even
app namesto conform or coordinate with standards or aesthetics
of various ingtitutions. For example, if a university or funder
logo will be featured prominently within the app, the app
aesthetic should not clash with the color scheme. Similarly,
some institutions may develop a suite of apps; the names of
these apps should aso coordinate with each other, yet
distinguish themselves. In addition, if there is the intention of
letting other universities use it, a process called white labeling
will allow other ingtitutions to replace it with their branding.
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Play Testing

To make sure the app was as close to a working prototype as
possible, we had a number of individuals, including
stakeholders, test the app. Thisincluded following verbal and/or
written instructions, providing detailed feedback of thingsthey
liked/did not like, and providing feedback about features that
were not working correctly (included sending us screenshots).
We asked them to focus on the more mechanical aspects but
also asked for general feedback about aesthetic qualities. For
the initial app testers, we gave them as little information as
possible before testing the app to see how intuitive the app was
to use. After making changes as necessary following this
feedback, we then gave new testersinstructions similar to what
wewill give participantsto test both the app and theinstructions
(eg, if theinstructions were clear enough).

Discussion

Building M ore Effectiveand Accessible M obileHealth
App Interventions

mHealth is a promising way to deliver behavioral health
interventionsto high-need and high-risk populations, including

Textbox 1. Brief guide to success: key lessons learned.

Terrill et al

those with physical disabilities who are otherwise unable to
easily access health care resources. However, there are mixed
findings concerning the effectiveness of existing mHealth apps.
Although some of the problems may be because of ineffective
interventions, theimplementation of theseinterventions as apps
may also be important to consider. A primary reason why
mHealth apps can be poorly implemented isalack of specialized
knowledge, understanding, and communication between
rehabilitation researchers, software development researchers,
and stakeholders. A collaborative process is key to mHealth;
we share our key lessons learned to encourage other research
teams in their own work. Our team’s next goal is further
refinement of the app based on participant evaluation and
eventual broader dissemination.

Key Lessons L earned

On the basis of our experience, we have provided a summary
of lessons learned (see Textbox 1 for abrief overview).

Key lessons learned:

Establish clear guidelines and ground rules for the process:

«  Researchers and developersjointly establish clear goals and timelines
«  Researchers, developers, and stakeholders establish shared goals

«  Makejoint decisions about scoping and modifying goals

«  Open communication

Understanding stakeholder and end user needs:

«  Early and regular engagement is key

« Includethose with clinical content expertise and lived experience
«  Obtain iterative input

«  Understand and use strengths of all members of the research team

Less may be more:

«  Clean design and universal design may sometimes not meet specific needs of the end user

o Usahility iskey

Importance of testing:
«  Researchers leverage expertise against design

«  Developerstest app against common best practices

«  Stakeholders and end userstest for usability and provide valuable input on specific needs
«  Tech-savvy and nontech-savvy playtestersidentify bugs and determine how intuitive the design is

Planning ahead:
«  Pipelinefor publishing software varies at different institutions

« Delaysare not uncommon
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Establishing Guidelines and Ground Rules for the
Research and App Development Process

Although our software development researchers are familiar
with the research process, we had an introduction meeting where
everyone shared and explained their goals. Importantly, partners
often may not know what they do not know. As an example,
rehabilitation researchers frequently do not know the software
development pipeline when developing an app, and software
development researchers often do not know the clinical needs.
By clearly describing both the research goals and timelines as
well as the developer goals and timelines, everyone is better
able to understand the mission and what is feasible early on,
including where goalsdiffer and overlap. Similarly, the process
should al so be described to stakeholders. It isimportant to know
the goals of partners and stakeholders involved, and
communication should be ongoing to ensure the project
continues to move toward shared goals. It was important for
everyone's input to be considered and to make joint decisions
about scoping and modifying goals as necessary to meet time
and resource demands/limitations. Without knowing why people
are asking for things, conflict can arise. In our team,
rehabilitation researchers and software devel opment researchers
are partners in the development process as opposed to having
a developer-client relationship more commonly found in the
industry. Being partners allowed for a more collaborative
process with effective mutual problem-solving. We recognize
that this may not be available to everyone; however, it should
be noted that clear expectationsfor the rehabilitation-devel oper
partnership need to be established early for the project to be
successful. By initiating the conversation early, expectations
for partnership are established, and the door is opened to
continued communication.

Understanding Stakeholder and End User Needs and
Context

Engaging stakeholders and end users early and regularly from
initial design ideas to prototype testing is critical. Inclusion of
representatives from all partners (rehabilitation researchers,
software devel opment researchers, and various stakeholders) is
important to fully appreciate accessibility needs of the end users
[18], such asidentifying specific app features and hardware that
are most preferable, acceptable, and compatible with end user
needs. In addition, listening to clinicians and patients is
important to get a sense of what fits in clinic workflows or
practices aswell asdaily routines and physical requirements of
patients (eg, colorblind and eye gaze). The research team should
possess knowledge, skills, and resources to develop and
implement the mHealth solution developed with the input
provided by the end users in an iterative process. We kept an
updated backlog of features and improvements, some of which
we were able to address immediately and some of which we
needed to resource for future updates.

As a consequence of this understanding, team members learn
the other disciplines soft skills, for example, software
development researchers learning about person-first language
and rehabilitation researchers learning about the possibilities
and pitfalls of software development. However, hard skills are
kept within one's own discipline; software development
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researchers will not be providing psychotherapy, and
rehabilitation researchers will not be writing code. This mutual
understanding facilitates coherence within the project while
supporting unique professiona identities and responsibilities.
Importantly, thereisasynergy ininterdisciplinary collaborations
that result in better ideas, questions, and solutions than by any
one single discipline.

LessMay Be More

Often teams struggle with fitting more on the page versus
simplicity in design to meet usability requirements. Our group
often went beyond universal design principlesto auser-sensitive
inclusive design to include engagement from individuals with
varying abilities and needs. Although even those without
disability and the need for adaptive technology can appreciate
clean design, sometimesthere need to be compromisesto better
meet the needs of specific populations. For example, drop-down
menus were a solution for usto keep clutter at aminimum, but
we needed to pivot to multiple large buttons to be compatible
with eye gaze technology.

I mportance of Testing

Thefollowing 3 groups of testing wereincluded: (1) researchers
test the app to leverage their expertise against the design; (2) it
is important for the software development team to test
themselves or have other developerstest it against common best
practices; and (3) most importantly, to test with end userson a
regular basis, who will not only catch things with a fresh set of
eyes but also provide the most valuable feedback of what they
will and will not use. All testing data should be interpreted by
the team at large to determine whether and in what way an item
is actionable. Stakeholders and end users should engage with
the app during development to better understand the needs of
the target population and receive valuable feedback on design
elements. Play testing should be conducted to identify bugsand
ideally include 4 types of play testers: those who are or are not
tech-savvy and those who are or are not familiar with the
specific project. During the testing process, only minimal
instructions should be provided to play testersto determine how
intuitivethedesignis. Among play testers, varying abilitiesand
needs should be represented.

Planning Ahead

Researchers and devel opers should familiarize themsel veswith
the pipeline for their health system or school. In some places,
it might take longer to establish HIPAA-compliant servers
and/or run through security checks. Unlike publishing a paper,
the pipeline for publishing software can vary greatly from
institution to institution. The team should establish timelines
and milestone goals early in the process.

Conclusions

We have developed a guide—from rehabilitation researchers
and software devel opment researchers’ perspectives—to serve
as a model for other teams who are interested in app-based
intervention development. Our model is based on the needs of
individualswith physical disabilities; however, it can be adapted
to develop appsfor other popul ations with other needs. mHealth
solutions are cost-effective, yet there is limited research
avallable that supports successful implementation and
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sustainability of these types of interventions. End user approach, which can strengthen and improve accessibility of
engagement, clinician buy-in, and funder support are necessary  the end product.
to ensure sustainability. This requires an interdisciplinary
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