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Abstract

Background: Since 2010, an increasing interest in more portable and flexible hardware for balance and posture assessment led
to previously published studies determining whether or not the Wii Balance Board could be used to assess balance and posture,
both scientifically and clinically. However, no previous studies aimed at comparing results from different Wii Balance Boards
for clinical balance evaluation exist.

Objective: The aobjective of this crossover study is to assess the interchangeability of the Wii Balance Board.

Methods: A total of 6 subjects participated in the study and their balance was assessed using 4 different Wii Balance Boards.
Trialswere recorded simultaneously with Wii Balance Boards and with alaboratory force plate. Ninerelevant clinical parameters
were derived from center of pressure displacement data obtained from Wii Balance Board and force plate systems. Intraclass
correlation coefficients (ICC), F tests, and Friedman tests were computed to assess the agreement between trials and to compare
the Wii Balance Board and force plate resullts.

Results: Excellent correlations were found between the Wii Balance Board and force plate (mean p =.83). With the exception
of 2 parameters, strong to excellent agreements were found for the 7 remaining parameters (ICC=.96). No significant differences
were found between trials recorded with different Wii Balance Boards.

Conclusions: Our resultsindicate that for most of the parameters analyzed, balance and posture assessed with one Wii Balance
Board were statistically similar to results obtained from another. Furthermore, the good correlation between the Wii Balance
Board and force plate results shows that Wii Balance Boards can be reliably used for scientific assessment using most of the
parameters analyzed in this study. These results also suggest that the Wii Balance Board could be used in multicenter studies and
therefore, would allow for the creation of larger populations for clinical studies.

Trial Registration: Ethical Committee of the Erasme Hospital (CCB B406201215142).

(JMIR Rehabil Assist Technol 2015;2(2):e8) doi:10.2196/rehab.3832
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Introduction

The potential use of the Nintendo Wii Balance Board for
assessing balance and posture has already been previously
investigated [1]. A recent paper presented acomparison between
a laboratory force plate and a Wii Balance Board to measure
postural control [2]. The strength of this study was that by
simultaneously recording with the force plate and the Wii
Balance Board, subject variability was removed. Despite some
doubts on the methodology and conclusions of the latter paper
[3], it appearsthat the Wii Balance Board can be used to assess
posture [4].

Most previously published papers on this particular topic
reported a high correlation between a force plate and a Wii
Balance Board for evaluating center of pressure trajectories.
Such conclusions have therefore encouraged the use of Wii
Balance Board hardware in daily clinical practice to assess
balance in various pathological conditions such as Parkinson
disease, orthopedics, and elderly assessment (eg, [5]). Many
accuracy studies can be found in the literature (ie, comparing
Wii Balance Board to some laboratory gold standard such as
forceplate hardware). Surprisingly, only one study can befound
in the literature that assesses the repeatability of the
measurements performed using different Wii Balance Board
systems [6]. These authors compared force and localization of
the center of pressure recorded with different Wii Balance
Boards using different weight placed in various places on the
Wii Balance Board. The authors found an uncertainty of 4.1
mm across the different Wii Balance Boards in static
measurement; no information can be found in the literature
about the reproducibility of measurement of center of pressure
trajectories obtained with different Wii Balance Boards.
However, this information is important to ensure repeatability
and comparison of measurements between several clinical
centers (eg, within multicenter studies organized to analyze a
large amount of patients). This is an important question since
this hardware was developed solely for gaming purposes and
no scientific validation is available from the manufacturer.

The present study presents the repeatability of balance
measurements using 4 different Wii Balance Boards systems.

Methods

Participants

Healthy adults (N=6) with a mean age of 36 years (SD 13),
height of 176 cm (SD 11), and weight of 81 kg (SD 22),
including 2 women participated in the study. This study was
approved by the Ethical Committee of the Erasme Hospital
(CCB B406201215142) and all participants provided informed
consent.
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Bonnechére et al

M easurement Setup

In order to assess the repeatability of Wii Balance Boards, the
protocol of Huurnik et al was used [2]. A Wii Balance Board
was placed on top of a force plate (AMTI model OR6-6,
Watertown, MA, USA, size 50 cm x 46 cm) that was embedded
within the laboratory floor. The sample rate for the force plate
was 1000 Hz. Four different Wii Balance Boards were used
(serid numbers  BEH428405719, BEH428409281,
BEH428408987, and BEH428409175). The Wii Balance Boards
were connected to a laptop (Intel Core 15, Windows 7, 6 GB
RAM) viaBluetooth connection, and data were retrieved using
a custom-written software based on the Wiimotelib software
[7]. Theforce plate was calibrated before the measurement was
taken using the manufacturers’ recommendations. Although
some methods have been proposed [1,2], no calibration
procedure was used for the Wii Balance Board. Such
calibration-free methodol ogy was adopted because the purpose
of this study was to evaluate the repeatability of measurements
of the Wii Balance Board without the practical constraint of
such systematic calibration procedures.

Procedure

The participants performed 3 repetitions of double limb standing
on each available Wii Balance Board in a single session; the 4
Wii Balance Boards were tested in this one session (12 trials
per subject). Subjects were asked to stand in the middle of the
Wii Balance Board for 30 seconds, as motionless as possible,
eyes open, arms aligned along the body, and eyes fixed on a
target on thewall in front of them. The same methodology was
repeated for the 4 different Wii Balance Boards. The order of
thetested Wii Balance Board system was randomly determined.

Data Processing

Linear interpolation of the raw signals of the Wii Balance Board
sensors was applied to get a regular sample rate of 1000 Hz
(same as the force plate) [8]. Both data from the Wii Balance
Board and force plate were then filtered using a second order
Butterworth low-pass filter with a cutoff frequency of 12 Hz
[2]. The displacements of the center of pressure aong
anterior-posterior (CP AP) and medio-lateral (CPML) directions
were obtained. Supplementary parameterswere computed from
the available center of pressure data using equations (Figure 1)
based on previoudy published methodology [9]. The cal culated
parameters are defined in Textbox 1.

Since the datarecorded during posture measurement was highly
variable between trials (eg, various foot positions on the force
plate and concentration of the subject) the mean difference
between force plate and Wii Baance Board values was
computed for each studied parameter, for each 30 second trial
in order to tackle this variability. All statistics were performed
on the mean of the 3 trials for each Wii Balance Board (6
subjects and 4 Wii Balance Boards each).
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Figure 1. Equations.
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DOT = 3 1 \/CP4p(i)2 + CPy(i)2 (a)
Area = m X prod (2.4478 X Jsvd (eig(cov(CPAP, CPML)))) (b)
_ 1 N 2
RMSpp = + [2i=1 CPap(i) (©)
RMSy, = + S0 CPyy ()7 (d)
AdCP,p = max (CP,p) - min (CP,p) (e)
AdCPy;, = max (CPy;) - min (CPyyy) ®
MVyp = L SN CPp(i+ 1) = CPp(i)] (g)
MVyy = L5051 CPyu(i+ 1) = CPy ()] (h)
TMV: %zy:_ll\/(CPAp(l'i‘ 1)_ CPAp(i))Z‘I' (CPML(l+ 1)_ CPML(l))Z (l)

Textbox 1. Calculated parameters.

Parameter

« DOT: total displacement of sway

« Area the areaof the 95% prediction ellipse (often referred to as the 95% confidence ellipse)
« SD APand ML: the dispersion of center of pressure displacement from the mean position
e AdCPpp and AdCP), : the distance between the maximum and minimum center of pressure displacement

e  MVppand MV : the mean velocity of center of pressure displacement

« TMV:the APand ML displacements of the total center of pressure sway divided by the total duration of the trial

Statistics

Intraclass correlation coefficients (ICC) (two-way random
average measures; Model 2, single measurement) were
computed to assess the reliability of the differences between
devicesand trials. Friedman tests (repeated measures) were also
computed to compare the 4 different Wii Balance Boards.
Differences between the force plate and Wii Balance Board for
each tria (3 repetitions for each of the 4 Wii Balance Boards
for each subject (N=6) totals 72 trials) with mean difference
and confidence intervals plotted. The amount of observations
that were outside the confidence intervals for each variable and
each Wii Balance Board were summarized in a contingency
table. Chi-sguare tests were computed to detect interactions

http://rehab.jmir.org/2015/2/e8/
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between the Wii Balance Board and studied variables. Spearman
correlation coefficients were computed between variables
obtained from the force place and Wii Balance Board.

Results

ICC results for agreement between Wii Balance Boards and
results of the F and Friedman tests are presented in Table 1.
Low agreements were found for variables derived from ML
displacements (ICC values of .334 and .345 for RMS,,, and
AdCPy,, respectively). Strong agreementswerefound for DOT
(.704) and AdCP,p (.786). Almost perfect agreements were
found for the other variables (mean 1CC=.962).
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Table 1. Intraclass correlation coefficient (ICC) of the studied parameters for the 4 different devices.

Variable ICC agreement Bounds of the confidence interval Friedman, P value
Lower Upper
DOT .704 -0.110 0.955 .93
Area .959 0.858 0.994 91
RMSap .906 0.686 0.985 42
RMSyL 334 -1.761 0.901 87
AdCPpp .786 0.336 0.965 .25
AdCPyL .345 -1.911 0.904 72
MV ap .985 0.950 0.998 .95
MVmL .980 0.931 0.997 .86
™MV .984 0.945 0.997 .94

The differencesbetween each trial and the mean differencewith  The correlations between the data collected with the force plate
confidenceintervalsare presented in Figure 2. Thecontingency  and Wii Balance Boards are shown in Table 3. No statistical
table of values that are outside the confidence intervals is significant difference (Friedman test) was found for the
presented in Table 2. The P value of the chi-square test is .59  correlations between the 4 different Wii Balance Boards.
(df=43); there is thus no association between the number of

observations outside the confidence interval and the device.

Table 2. Contingency table of the number of observations outside of the confidence interval.

Variable Wii Balance Board device number
1,n? 2,n? 3n? 4,n? Total, per variable

DOT 1(0.05) 1(0.05) 3(0.16) 0(0) 5(0.07)
Area 2(0.11) 1(0.05) 2(0.12) 0(0) 5 (0.07)
RMSap 2(0.12) 0(0) 1(0.05) 2(0.12) 5(0.07)
RM Sy 1(0.05) 0(0) 2(0.11) 1(0.05) 4(0.06)
AdCPap 2(0.12) 3(0.16) 0(0) 1(0.05) 6(0.08)
AdCPy 1(0.05) 0 (0) 2(0.12) 1(0.05) 4(0.06)
MV ap 0(0) 1(0.05) 0(0) 2(0.11) 3(0.04)
MV 3(0.16) 1(0.05) 1 (0.05) 1(0.05) 6 (0.08)
T™MV 3(0.16) 1(0.05) 1(0.05) 1(0.05) 6(0.08)
Total, per device 15 (0.09) 8 (0.05) 12 (0.07) 9 (0.05) 44

3/al ues inside brackets represent the ratio between outside values and number of observations.
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Figure 2. Differences between force plate and Wii Balance Boards for the 72 trials. Solid horizontal lines represent the mean difference. Dotted
horizontal lines represent upper and lower confidence intervals (95%). Vertical lines indicate separation between the 4 different devices (18 trials per
Wii Balance Board).

DOT Area
1000 20
50
o
0
500 o ¢ ° : - - ° -20|
4 -1000f= . 8
3 8 40 °c
2 2
£ 1500 <]
20001~ ° ° . = 60~
2500
Wes 1 0 Wes 1
wes 2, wes 2
3000 WBB 3/ wBB 3|
wes 4, WeB 4
| y . | | | \ , |
70 EJ El W0 EJ E] 70 % 70 EJ Ed Ed EJ 70
Trials Trials
RMSap RMSmI
05, 1
0s
o= o
° 0.5
] §
8 05 &
8 8
£ £
S 5
15+
L o S —
o weB 1 o weB1
wes 2, 251 wes 2
wes 3, wes3
wes 4| wes 4
. | \ , | | p | , | |
70 EJ 3 % & 70 % 70 EJ Ed % EJ 70
Trials Trials
AdCPap AdCPmI
A
N 4
hs
2
o
o
4
@ 2+
] ’ :
82 g
£ £
5 s
3 o4
7| SRR S S —— F S ———————— 8o
Wes 1 Wes 1
sk wes 2, a0k wes 2
wes 3, . wes3
wes 4, wes 4
| , \ | | | | | |
0 EJ El 0 EJ E] 70 o 10 EJ g % £ 70
Trials Trials
MVap MVmlI
o 0
5
a0-
10
151 b
o
2 o
] ]
@ 2sf, * o 60
2 £
& . 5
30
20
ask °
T S S
100~ o weB1
“ WBB 2|
s wes3
weg 4
| , . | | | \ | |
0 EJ 0 E] & 70 % 0 E] Ed [ E] £ 70
Trials Trials
o-
20p
i
]
§ o
2
=
80 .
100~ = WeB 1
wes2
wes3
> wee s
1z al L I L L L !
10 Ed 3 E] & 70
Trials

http://rehab.jmir.org/2015/2/e8/ JMIR Rehabil Assist Technol 2015 | vol. 2 |iss. 2| e8| p.6

X SL F (page number not for citation purposes)
-FO

RenderX


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

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES

Bonnechére et al

Table 3. Spearman correlation coefficients between the force plate and the 4 different Wii Balance Board devices.

Variables Wii Balance Board device number
Lp 2,p 3p 4,p Mean, p

DOT .79 73 73 .87 .78

Area .85 .89 82 .90 .86
RMSpp 79 92 85 78 83

RM Sy .85 72 72 .80 .76
AdCP4p .76 .89 74 79 .80
AdCPy. .89 79 .76 73 79

MV ap .94 .89 .88 .90 91
MVmL .96 84 .85 91 .89

T™V .82 .80 77 .86 81
Mean, p (SD) .85(0.02) .83(0.02) .79(0.02) .84 (0.02) .83(0.05)
Discussion Boards and a force plate for a single parameter (eg, center of

Principal Findings

To the best of our knowledge, this is the only study assessing
the repeatability of measurements performed with different Wii
Balance Boards. Our results confirm the findings of previous
studies[1,2] where good correlations were found between Wii
Balance Boards and force plates for center of pressure
displacement. For other studied parameters derived from center
of pressure displacement, good correlations were found.

With respect to the 4 different Wii Balance Boards, no
differences were found between the boards (repeated measure
Friedman test), but surprisingly, the ICC values showed low
agreement for the ML parameters (RMSy,, and AdCP, )
although correlationswith the force plate were high (.80 and.89
for RMS,, and AdCP,,, respectively). The contingency table
of thenumber of observationsoutside of the confidenceintervals
did not show particular errors for those measurements (Table
2). The other parameters had strong to amost perfect
agreements. The fact that no differences were found between
the different Wii Balance Boards (repeated measure Friedman
test), and they all had good correlationsto the force plate results
indicates that different Wii Balance Boards can be used
interchangeably. However, our results suggest that parameters
derived from the ML displacement of center of pressure should
be interpreted carefully.

This study presents results on several different parameters
derived from center of pressure displacement. Most other studies
have focused on investigating differences between Wii Balance

pressure displacement) [1,2]. In addition to making a direct
comparison over multiple boards with the same subjects and
tasks, this study also compares multiple parameters.

Limitations

The repeatability of some balance assessment protocols can be
rather low. In our setup, we ran the risk of suffering from the
same problem: in order to compare al the Wii Balance Boards
and theforce platein asingletria, we would have had to place
al the boards together on top of the force plate. As this is
unfeasible, we processed our data by computing the difference
between the Wii Balance Board and the force plate (for all the
parameters) for each of the 4 trials. Over 3 trialsand 6 subjects,
we obtained 4 groups of 18 differences. |CCs were computed
between those 4 groups. Asthe ICCswere high, the differences
between the Wii Balance Board and force plate were considered
consistent.

Conclusions

This study indicates that balance and posture results recorded
with one Wii Balance Board can be compared to the results
recorded with another Wii Balance Board. Thisis particularly
interesting for multicenter studies and supports the creation of
larger populations for clinical studies. This study also alows
us, in part, to address several criticismsthat have recently been
expressed. Someresearchers[3,10] have doubts about the results
of previous studies (past 3 years) on the validity of the Wii
Balance Board. In addition to showing excellent correlation
between the Wii Balance Board and force plate, this study shows
that these high correlations are independent of the Wii Balance
Board used.
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Abstract

Background: Fallsin older adults are a significant public health issue. Interventions have been developed and proven effective
toreducefallsin older adults, but these programstypically last several months and can be resourceintensive. Virtual rehabilitation
technologies may offer a solution to bring these programs to scale. Off-the-shelf and custom exergames have demonstrated to be
afeasible adjunct to rehabilitation with older adults. However, it isnot known if older adultswill be able or willing to use avirtual
rehabilitation technology to participate in an evidence-based fall prevention program. To have the greatest impact, virtua
rehabilitation technologies need to be acceptable to older adults from different backgrounds and level of fall risk. If these
technologies prove to be a feasible option, they offer anew distribution channel to disseminate fall prevention programs.

Objective: Stand Tall (ST) is avirtua trandation of the Otago Exercise Program (OEP), an evidence-based fall prevention
program. Stand Tall was developed using the Virtual Exercise Rehabilitation Assistant (VERA) software, which uses a Kinect
camera and alaptop to deliver physical therapy exercise programs. Our purpose in this pilot study was to explore if ST could be
afeasible platform to deliver the OEP to older adults from avariety of fall risk levels, education backgrounds, and self-described
level of computer expertise.

Methods: Adults age 60 and over were recruited to participate in a one-time usability study. The study included orientation to
the program, navigation to exercises, and completion of aseries of strength and bal ance exercises. Quantitative analysis described
participants and the user experience.

Results: A diverse group of individuals participated in the study. Twenty-one potential participants (14 women, 7 men) met
the inclusion criteria. The mean age was 69.2 (+ 5.8) years, 38% had a high school education, 24% had a graduate degree, and
66% classified as“at risk for falls’. Eighteen participants agreed they would like to use ST to help improve their balance, and 17
agreed or strongly agreed they would feel confident using the system in either the senior center or the home. Thirteen participants
felt confident they could actually set up the system in their home. The mean System Usability Scale (SUS) scorewas 65.5 + 21.2
with arange of 32.5to 97.5. Ten participants scored ST as an above average usability experience compared to other technologies
and 5 participants scored aless than optimal experience. Exploratory analysis revealed no significant rel ationships between user
experience, education background, self-described computer experience, and fall risk.

Conclusions: Results support the virtual delivery of the OEP by a Kinect camera and an avatar may be acceptable to older
adults from a variety of backgrounds. Virtual technologies, like Stand Tall, could offer an efficient and effective approach to
bring evidence-based fall prevention programsto scal e to address the problem of fallsand fall-related injuries. Next stepsinclude
determining if similar or better outcomes are achieved by older adults using the virtual OEP, Stand Tall, compared to the standard
of care.
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Introduction

Falls are a tremendous problem facing older adults. It is
estimated that 1in 3 adults age 65 and over fall annually, costing
the health care system over US $30 hillion dollars in direct
medical costs[1]. Older adultsfall dueto acomplex interaction
of risk factors [2]. Many factors for falling (ie, age, vision
impairment, balanceimpairment, hearing impairment) increase
in risk with increasing age. Therefore older adults, regardless
of functional status, are aways at some level of risk.

Clinical practice guidelines recommend all older adults be
screened annually for fall risk [3]. Older adults who screen
positive should have a comprehensive fall risk assessment to
determine contributing risk factors. Evidence-based
interventions should be prescribed to address al identified
factors [4].

One of the most effective interventions to prevent a fall for
community-dwelling individuals at low or moderate risk is
structured and progressive strength and balance exercises[5,6].
The recommended minimum dose of strength and balance
exercise to achieve a protective effect against a fall is 2
hours/week, and the exercise must be ongoing to maintain this
protective effect [7-9]. Current fall risk management models
must innovate to deliver thisdose of exercise without continued
medical or physical therapy oversight, which is time and
resource-intensive.

The Otago Exercise Program (OEP) is an evidence-based fall
prevention program developed in thelate 1990s at the University
of Otago, New Zealand [10,11]. The OEP has consistently
demonstrated a 35% reduction in falls in at risk, community
dwelling older adults [12]. The program is designed to be
delivered by a physical therapist (PT) in 5 visits over 8 weeks
with monthly follow up phone calls, and visits at 6 and 12
months. During the visits, the PT evaluates and prescribes the
appropriate strength and balance exercises from the OEP. When
the older adult has improved their strength and mohility, they
are also prescribed awalking program to complete three times
aweek. After the initial 8 weeks, the older adult continues to
independently complete the prescribed exercises 3 times aweek
and their walking program 3 times aweek for the 12 months of
the program [13].

Though highly effective, this program requires either a high
level of compliance from the older adult or significant time and
resources from the PT. Given the demographics of the world's
aging population and the limited number of PTs, aternative
methods to broadly disseminate the OEP must be investigated
to have the greatest impact on the problem of falls.

Innovative digital rehabilitation solutionsmay provide afeasible
model to address these challenges. Three-dimensional motion
tracking cameras, like the Microsoft Kinect, can guide an older
adult through a series of exercisesto improvetheir strength and

http://rehab.jmir.org/2015/2/€10/

balance. The technologies have the capability to track the total
amount of time spent exercising, the number of repetitions and
sets of each exercise, and the quality of the movements
performed [14].

Gaming systems for rehabilitation are gaining popularity and
acceptance with clinicians and researchers[15]. Several research
studies support that exergames, as an adjunct to or in place of
traditional rehabilitation for older adults, show promise as an
intervention to positively impact functional outcomes [15-17],
and can improve balance. [18-20].

Though in early stages, the results from these studies support
that exergames may offer aviable option to engage ol der adults
in physical and exercise activity. These results support further
exploration of using these systems to deliver proven programs
like the OEP to older adults with balance impairments. An
important step in this process is to explore the feasibility of
using the Kinect to deliver the OEP with a diverse group of
older adults. It is unclear from previous studies if older adults
from a variety of education and computer experience
backgrounds would want to use a virtua system to improve
their balance. It is a'so unknown if older adults with balance
impairments or lower levels of functional mobility will be able
to or want to independently use these technologies specifically
as afall risk management strategy. Answering these questions
will provide insights to the viability of virtual health solutions
to bring fall prevention programsto scale.

The purpose of this study wasto explore if older adults from a
variety of educational backgrounds, self-described computer
experience, and level of fall risk could successfully navigate
and interact with “ Stand Tall” (ST), avirtual trandation of the
OEP. Stand Tall is the fall prevention exercise program
developed using the Virtual Exercise Rehabilitation Assistant
(VERA) software. The VERA software uses a Kinect camera
and a laptop to deliver therapeutic exercise programs for use
independently in the home, rehabilitation or senior center
Settings.

Methods

Participants

All recruitment took place at a senior center in San Diego,
California. Participants were recruited viainformational flyer.
The flyer described the study as a 90-minute session to interact
with a virtual technology designed to improve balance.
Participantss were compensated US $50 upon completion of
the study. Interested participants were connected to the study
personnel by the senior center’s site coordinator. All participants
were contacted and screened by study personnel. Individuals
wereincluded if they: (1) were at least 60 years of age or older,
(2) were able to walk independently with or without an assistive
device, (3) were able to independently rise from a chair, (4)
lived in a noningtitutional setting, (5) self-reported they had at
least one chronic disease (arthritis, diabetes, hypertension, etc.),
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(6) were able to speak, hear, and understand English, and (7)
had 20/20 vision from 10 feet with or without glasses.

Participants were excluded if they self-reported that they had
been hospitalized in the past 6 months or had a diagnosed
cognitive impairment or diagnosed neurodegenerative disease
(eg, Parkinson's disease). The study received IRB approval
from Western Institutional Review Board. Twenty-one adults
volunteered for the study. All 21 volunteers met the inclusion
criteria, signed informed consent prior to the testing session,
and completed the 90-minute testing session.

Data Collection

All data collection took place at the senior center by trained
study staff, and included an in-person survey-demographics
including highest education obtained, self-reported function,
and self-reported computer use. Education is often predictive
of adoption of new technologies for older adults [21,22].
Therefore, participantswere asked if they had lessthan 12 years
of education (high school or less), an associate's degree,
bachelors, or graduate degree. We developed the following
guestion to gauge how older adults perceived their computer
abilities: (1) | don’t use computers, (2) Novice-1 know how to
turn it on and can useit with help, (3) Average-I can turniit on,
launch programs, and email with minimal to no help, and (4)
Expert-I use computers without any assistance and can solve
most challenges.

According to the Centers for Disease Control and Prevention
(CDC), al older adults are at some level of risk for falling.
Quantifying risk is based upon a combination of self-reported
risk factors, impairments in strength and balance, history of
fals, and additional factors [23]. To standardize fall risk
screening, the CDC created the Stopping Elderly Accidents,
Deaths & Injuries Fall Risk Algorithm (STEADI) (see Figure
1). The STEADI tool recommends either using the Stay
Independent Fall Risk Self-Assessment Tool (Stay Independent)
[24] or administering 3 questionsto screen for self-reported risk
factors. Three physical performance measures, the Timed Up
and Go (TUG), the 30-second chair stand (CS), and the
four-stage balance test (FS) are the recommended screening
tools for impairments in strength and balance.

http://rehab.jmir.org/2015/2/€10/
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The Stay Independent was used to screen for self-reported risk
factorsinthisstudy. The Stay Independent isa 12-item validated
tool provides a comprehensive picture of fall risk. Participants
who score 4 or more are considered at risk for a fall [24].
Participants completed the TUG, CS, and the FS to assess for
impairments in strength or balance [5]. Scoring below
established cutoffsfor any one of the 3testsis considered arisk
factor for falls. The TUG consists of rising from achair, walking
at the Participant’s usual speed for 3 meters, turning, walking
back, and sitting down. Timing starts when the participant rises
from the chair and stops when they sit. The cutoff scoreis 12
or more seconds [25]. The CS consists of the number of times
the older adult can rise from achair in 30 secondswithout using
their arms. Cutoff scores are based on age and gender-based
normative values [26]. The FSis a standing balance sequence
which consists of holding aseries of progressively more narrow
positions for at least 10 seconds. Those who cannot hold the
“tandem stance” (heel-toe) position for at least 10 seconds or
the single leg stance (standing on one leg) for at least 10
seconds, are considered at risk [27].

Upon completion of baseline data collection, the usability
onwas started. All usability sessionswere videotaped using
Morae Usahility Software (Techsmith). The video captured both
the Stand Tall screen and the individual’s interaction with the
technology using a picture-in-picture (PiP) template. Video was
started when the participant was introduced to the system and
stopped when the participant had exited the room.

Upon completion of the usability study, participants completed
a4-item debrief survey, developed by the study personnel. The
survey items were on a 4-point Likert Scale developed
specifically to assess participant’s confidence setting up and
using the Stand Tall product in the senior center or in the home.
Participants completed the standardized and validated System
Usahility Scale (SUS). The 10-item SUS is a 5-point Likert
scale which seeks the subjective opinion about the user
experience. Considered “technology agnostic” the SUS hasbeen
used in over 3500 studies to determine usability of mobile
phones, websites, and software. Scores of > 68 are considered
to be an “above average” experience for the user [28,29].
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Figure 1. Classification of fall risk based on the Centers for Disease Control's STEADI fall risk assessment tool.
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Testing Procedure

Participants completed baseline questionnaires and functional
performance tests. Upon completion of baseline assessments,
the video was started and participants were oriented to ST.

Study personnel turned on the system. They explained the
participant would see 2 images on the screen, one was an
animated avatar named VERA that would demonstrate the
exercises, and the other was the participant’s image as a
silhouette. Participants were told to listen to VERA's
instructions, observe VERA doing the exercise, and then try
the exercise. Study personnel demonstrated calibration,
navigation of the application including the“hand swipe” gesture,
accessing and completing the exercises, and noted errors, tips
and warning messages.

Participants were asked if they were ready to try the system.
The participants were first instructed to “think aloud” as they
navigated the protocol. Participants stood in front of the camera
and identified their silhouette. They were told to extend their
hand and identify their hand on the screen. Once the participants
identified their hand they were instructed how to navigate to
the next screen. Study personnel coached the participants in
navigation until they demonstrated they could navigate
independently. Participants were instructed to ask for help with
navigation and exercise explanation only if they could not
successfully complete the tasks after at least one attempt.

http://rehab.jmir.org/2015/2/€10/

Participantsindependently navigated the program and compl eted
10 repetitions of 8 of the strength and balance exercises from
the OEP: sitting knee extension, standing hip abduction, standing
kneeflexion, sit to stand from achair, shallow sguats, toe rai ses,
standing on one leg, and tandem stance. Participants were told
if they experienced any pain or fatigue they could stop an
exercise at any point in time. Study personnel noted if a
participant was unable to do a single repetition of an exercise
dueto either not understanding the exercise, experiencing pain,
or a software issue. Participants were supervised the entire
session in case of aloss of balance.

Upon completion of the final exercise, participants received
notification from VERA that the exercise session was compl ete.
Study personnel began the debrief session. Participants
completed the debrief survey, the SUS and answered a series
of open-ended questions about the user experience. Participants
then received a US $50 gift card and the video was stopped.

Analyses

All datawere analyzed using IBM SPSS Statistics for Windows,
Version 22.0. Frequencies and distributions were run for all
variables. A Chi Square analysis was performed and
nonparametric correlations using a two-tailed Spearman’s Rho
test to identify any trends between computer ability, fall risk,
and SUS scores. SUS scores were a continuous variable, and
ability and fall risk were categorical. Education was recoded to
high school or less (0) and college (1). The 4 variables to
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quantify fall risk were recoded for analysis as follows: Stay
Independent was transformed to a categorical variable (0-3 =
no risk, 4-12 = risk); the 3 physical performance tests were
transformed to categorical variables based on risk (TUG > 12
seconds, CR if < age and gender values, FS if only able to
achieve stage 2 or less). The physical performance variables
were then collapsed into 1 variable that represented all
participantswho scored bel ow the cutoff for at |east one physical
performance test.

For the purposes of this paper, fall risk was operationalized as
follows: no risk—score of no risk for the Stay Independent and
no risk based on balance and strength tests; low risk—score at
risk for the Stay Independent and no risk based on balance and
strength tests; Moderate risk—score at risk for Stay Independent
and at risk for strength and balance or score at risk for strength

Table 1. Characteristics of volunteers (n=21).

Shubert et &

and balance; High risk—score at risk for Stay Independent, at
risk for strength and balance, and 2 or more falls or 1 fall with
injury in the past 12 months.

Results

Participants

Descriptive statistics show that a diverse group of older adults
participated in this pilot study (Table 1). They ranged in age
from 61 to 85, with amean age of 69.2 (SD 5.8). Of note, there
were similar representations of older adults with a high school
education or less and those who had completed college. The
samplewasrdatively healthy, with no participant scoring his’her
general health as poor. Almost half of the sample (9/21)
described themselves as either “very rarely” or “not auser” of
technol ogy.

General characteristics

Number of participants

Gender
Female
Male
Race
Black
White (non-Hispanic)
Asian/Pcific Idlander
White (Hispanic)
Education

High School/GED
Community college
Bachelor’s degree
Graduate degree
Computer ability
Don't use
Novice
Average
Expert
Living status
Alone
With spouse
Other
Health status
Excellent/Very Good
Good
Fair/Poor
Fallen in past 12 months
Yes

No

14

g ~ b~ © = 01 N

g N o b

16

15
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All participants were able to complete the 3 physica
performance measuresto determineif they were at risk. For the
TUG, 3 participantstook =12 seconds, for the CS, 6 participants

Shubert et &

did fewer repetitions than age and gender-based normative
values, and for the FS, 6 participants could only achieve Stage
1 or Stage 2 for at least 10 seconds (Tables 2 and 3).

Table 2. Physical performance measures: timed up and go and 30-second chair stand (n=21).

Performance measures Mean (SD) and range
Timed up and go 10.4 (2.5)

(measured in seconds) 6.3-18.5

30-second chair stand 11.8(3.8)

(number in 30 seconds) 6-23

Table 3. Physical performance measures —four-stage balance test (n=21).

Stage held for 10 seconds Highest stage achieved by each participant
Stage 1 (feet side-by-side) 1

Stage 2: semitandem (one foot slightly in front of other) 5

Stage 3: heel-toe position 3

Stage 4: standing on one foot 13

The results of the Stay Independent were summed to identify
any participants at risk based on a score of = 4. Per the
operationa definition, thisinformation was combined with the
physical performance measures to identify any participant at
low, moderate or high risk of afall. A total of 11 participants
screened positive for fall risk based on self-report. Of those 11,
6 screened negative for strength or balance impairment and
were placed in the low risk category and 5 screened positive
for a strength or balance impairment and were placed in the

moderate risk category. Additionally, 3 participants scored
below cut-points for the balance and strength assessment but
screened negative for fall risk based on self-report. Finaly, 3
of the 8 participants scored below the cutoffsfor 2 of the balance
and strength measures. Per our definition, participants who
scored below cutoffswere placed in the moderate risk category.
None of the 21 participants had a combination of history of
fals, self-report, and physical performance testing to meet the
criteriafor “high risk” for afall (Table 4).

Table 4. Fall risk based on self-report and/or physical performance measures (n=21).

Low risk based on self-report

(score of = 4 on Stay Independent Fall Risk Self-

No risk Report Tool)?

Moderate risk based on balance or strength impairment

7 6

8

@None of the participants had experienced more than 1 fall in past 12 months or afall with injury.

Usability Testing

Two participants did not have time to complete the usability
questions, and 1 participant’s questionnaire data were not
completely captured dueto a software malfunction. Asaresult,
for 2 questions we report data on 19 participants and for 2
guestions we report data on 18 participants.

Themajority of participants (18) either agreed or strongly agreed
they would like to use ST to help improve their balance, and
17 agreed or strongly agreed they would feel confident using
the system in either the senior center or the home. Over half of
participants (13) felt confident they could set up the systemin
their home.

The SUS scores demonstrated awide range of user experience.
There were 4 participants with missing SUS data. Of the 17
scores, the mean score was 65.5 (SD 21.2) with arange of 32.5
to 97.5. ST was rated as an above average usability experience

http://rehab.jmir.org/2015/2/€10/

compared to other technologies by 10 participants. This means
they believed the entire experience of using the system, logging
on, navigating, pausing, and exercising was at least an
acceptable experience. Of these 10 participants, 5 rated the
experience at an 80 or above, considered the top 10% of
usability experience [30]. However, 5 participants scored a 50
or less, which is a less than optimal experience. Of these
participants, 2 interacted with the system when the software
crashed multiple times, while the other 3 felt the system had “a
ways to go” before they would use it. There were no common
characteristics among these 5 participants, they came from a
variety of educational and computer experience backgrounds
and represented arange of fall risk (Table 5).

Preliminary results from nonparametric correlations suggest
that no trends existed between low risk per self-assessment and
moderate risk based on physical performance and user
experience, education and user experience, or level of computer
use and user experience (Table 6).
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Table5. Feasibility and interest in using the Virtual Exercise Rehabilitation Assistant.

Level of Agreement N
| would want to use a virtual program to improve my balance (N=19)
Strongly Agree 13
Agree 5
Disagree 1
Strongly Disagree 0
| feel confident | can set up avirtual program to exercise at home (N=19)
Strongly Agree 6
Agree 7
Disagree 3
Strongly Disagree 3
| feel confident | can use a virtual program to exercisein my home (N=18)
Strongly Agree 12
Agree 5
Disagree 1
Strongly Disagree 0
| feel confident | can useavirtual program to exerciseat thesenior center (N=18)
Strongly Agree 12
Agree 5
Disagree 1
Strongly Disagree 0

Discussion

Overview

The purpose of this study wasto explore the experience of older
adults from a variety of educational backgrounds, computer
experience, and level of fall risk navigating and interacting with
“Stand Tall”, a virtua trandation of the Otago Exercise
Program.

Falls in the United States are a universal problem, affecting
older adultsfrom all socioeconomic backgrounds. To effectively
address the challenges of fall risk management and prevention,
it isimportant to develop a technology that can be adopted by
older adultsfrom awide range of backgrounds and experiences.
Given the sample size of 21, we are not able to make definitive
statements regarding the relationship between education, level
of computer expertise or fall risk and the usability of the system.
However, our preliminary analysisfor thissmall group supports
that none of these factorshad asignificant impact on the quality
of the experience.

Studies support older adults can and will use exergame-based
virtual systems for exercise or rehabilitation [18,31,32].
Researchers have demonstrated healthy older adults can use
these systems over extended periods of time and demonstrate
significant improvements in function. A group of highly
functioning older adultsin aretirement community demonstrated
they could independently use the Wii Fit for a 6-week balance
training intervention and achieved significant improvementsin

http://rehab.jmir.org/2015/2/€10/

physical performance measures [18]. Similar findings were
reported by researchers who developed a series of exergames
specifically for older adults. These participants used the system
with supervision 2-3 timesaweek for up to 8 weeks. In addition
to significant improvements in function, they demonstrated an
adherence rate of 81%, completing their exercise sessions at
least four times of five each week [20].

Less is known about older adults' interest in using a virtual
system that is not gamified, but that simply leads the user
through a series of balance exercises, much like one would do
with a PT. By replicating the experience with a PT we hope to
achieve the same outcomes as the OEP when delivered in a
traditional model. To our knowledge, this is the first study to
explore the feasibility of using a virtual system to deliver a
previously validated evidence-based fall prevention program.

The preliminary results support the ST program may be a
feasible option to deliver an evidence-based fall prevention
exerciseintervention to older adults. Asafirst step to determine
if the concept of using technology to bring these programs to
scalewasfeasible, we recruited participantsfrom abroad range
of educational, racial, and socioeconomic backgrounds, levels
of fall risk, and self-reported experience with technology. To
have a representative sample, we developed broad inclusion
criteria in which participants self-reported their health status
and chronic disease status. The actual chronic diseasesfor each
participant were not documented for this pilot study, unlessthe
participant had a vision or hearing impairment, which would
then exclude them from the study. Future work will document
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the number and types of chronic diseases represented by the  impact onlong-term adherence and compliance with the system.
study sample, and determine if type of chronic disease has an

Table 6. Nonparametric correlations for fall risk, computer ability, SUS and education. All Spearman’s Rho correlation coefficients and two-tailed
significance levels reported.

Stay independent Physical performance Computer expertise  SUS Education
Stay independent

1.00 .16 .16 .18 .36

49 .50 49 A1

21 21 21 17 21
Risk based on TUG or CS
or FS

.16 1.00 .07 27 -21

49 a7 .30 .35

21 21 17 21
Computer expertise

-.16 .07 1.00 -.10 .28

.50 .07 .69 21

21 21 17 21
sus

-.18 .26 -.10 1.00 -31

49 .30 .70 .23

17 17 17 17
Education

-.36 -21 .28 -31 1.00

A1 .35 21 .23

21 21 21 17

We did not formally screen any participants for cognitive
impairment, but simply asked participantsif they had been given
a diagnosis of cognitive impairment from their health care
provider. Cognitive impairment is aknown risk factor for falls,
and any fall risk management product needs to take this into
account. The goal for this pilot was to have a representative
sample from the community interact with the product. The
prevalence of mild cognitiveimpairment (MCl) isapproximately
10% for community-dwelling older adults[33]. Individualswith
MCI often have slowed reaction times and difficulty inhibiting
irrelevant information. It is possible that some of our participants
had some degree of MCI which could impact their user
experience. Future studies with larger sample sizes will
incorporate validated screening tools for MCI to identify
participants with cognitive impairment. The goa would be to
assess their usability experience and identify key design
elements that would create a positive user experience for those
with MCI.

There was concern that older adults at either low or moderate
risk for fallswould either not be interested in using the system,
or have asignificantly different user experience. The preliminary
analysis did not identify any obvious trends to support this
assumption. The number of participants for this study is quite

http://rehab.jmir.org/2015/2/€10/

small and we anticipate further exploring these trendsin future
studies.

In the original OEP studies, the average age was 81 and 41%
of participants had experienced afall [11]. The average age of
our participants was 10 years younger and 29% (6/21) had
experienced afall. The participantsin our study appear to be at
ahigher level of function compared to the original OEP research.
We may find that if we test the system with older adults at a
lower level of function that we may see different results.
However, 67% of the participants (14/21) were at some level
of fall risk or impaired function. Thisrisk level represents older
adultswho would greatly benefit from a structured strength and
balance exercise to prevent a fall; which supports continued
exploration of this technology to determine if it would be
acceptable for the mgjority of users.

Our participants represented a range of education levels,
socio-economic backgrounds, and functional ability. This
diversity of participants has not necessarily been seen in many
of the other research reports which have studied a more
homogenous population of well educated, highly functioning
older adults [18,31,34]. Though preliminary, the finding that
18 participants either agreed or strongly agreed they would like
to use avirtual program to improve their balance supports the
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possibility that ST may be afeasible solution. Previous studies
have reported higher levels of technology (internet, text
messaging) adoption amongst older adults who were white and
with a higher education level [35]. We did not see similar
patterns with our users, which may be due to the ease of
navigation and using the technology to exercise, as opposed to
learning keyboard strokes to seek information. One user with
a high school education had never interacted with a computer,
nor had she ever participated in a formal exercise class. This
participant mastered the technology, was able to complete the
10 exercises, and kept stating, “this is fun, and | need one of
these!l”

The SUS scores reported for the system demonstrated a wide
range of usability experiences. The mean raw score was below
that reported in another study that assessed older adult’s usability
experience of an exergame [20]. However, the ST program was
still in the alpha phase, and the other study assessed a fully
functioning system. Given the diversity of usability scores, more
testing will be needed on the final product and over aperiod of
time to fully quantify the usability of the system.

Consistent with other studies [15], many participants
experienced a feeling of mastery while interacting with the
system and statements included, “This is great, when is it
coming to the Senior Center?’, “I can do this, it is fun!”, and
“1 would love to use this in my home, and | see how it would
benefit other seniors” Conversely, when the system did not
accurately represent the participant’s efforts, either by
over-counting or under-counting repetitions, participantswould
become frustrated. “What am | doing wrong?’ or “Why isn’t
she counting me?’ were common statements, supporting that a
final product must be easy to use but must also be accurate and
responsive to provide the optimal user experience.

Limitations

Thiswas a pilot study and the findings have limited application
to the general population. However, our sample represented a
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broad range of socioeconomic backgrounds, computer
experience, and level of fall risk. The lack of any significant
relationships between these factors and SUS scores warrants
further exploration with larger studies. A second limitation was
the results were based on our participant’s interacting with the
system one time. We may find that after multiple interactions,
participants may gain even more mastery and confidence using
the system, and see different trends over time with different
participants. A final limitation is, like the OEP, ST is, at this
time, an exercise-only intervention. It may be that education
and behavior changes, in addition to exercise may be necessary
to achieve the best results.

Conclusion

The results from this study support that virtual delivery of the
OEP, by aKinect camera and an avatar may be a feasible way
to scale and disseminate evidence-based fall prevention
programs. Older adults enjoy using the technology and value
the feedback provided by the avatar on both their form and
progress. One of the most effective ways to prevent afall isto
engage in a minimum of 2 hours of strength and balance
exercises each week. Virtual technologies like ST could assist
older adultsin achieving thisgoal, at afraction of the resources.
| deally, these technol ogieswould be availablein senior centers,
YMCASs, and in the home, and would only require a brief
orientation to the system and minimal supervision, allowing the
older adult to independently engage in an evidence-based
program traditionally delivered by a PT. These technologies
provide an opportunity for prevention with embedded alert
systemsthat are triggered with changesin performance - either
adecrease in weekly adherence or an increase in frequency of
errors. Future studies will include determining if older adults
can use the program independently over a period of time and
determining if older adults who use the ST achieve similar or
better outcomes than those participating in a more traditional
setting.
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Abstract

Background: Recent advancesin information and communication technology have prompted development of Web-based health
tools to promote physical activity, the key component of cardiac rehabilitation and chronic disease management. Mobile apps
can facilitate behavioral changes and help in exercise monitoring, although actua training usually takes place away from the
point of carein specialized gymsor outdoors. Daily participation in conventional physical activitiesis expensive, time consuming,
and mostly relies on self-management abilities of patients who are typically aged, overweight, and unfit. Facilitation of sustained
exercise training at the point of care might improve patient engagement in cardiac rehabilitation.

Objective: In this study we aimed to test the feasibility of execution and automatic monitoring of several exercise regimens
on-site using a Web-enabled leg training system.

Methods: The MedExercise leg rehabilitation machine was equipped with wireless temperature sensors in order to monitor its
usage by therise of temperaturein the resistance unit (At°). Personal el ectronic devices such as laptop computers were fitted with
wireless gateways and relevant software was installed to monitor the usage of training machines. Cloud-based software allowed
monitoring of participant training over the Internet. Seven healthy participants applied the system at various|ocations with training
protocols typically used in cardiac rehabilitation. The heart rates were measured by fingertip pulse oximeters.

Results: Exercising in home chairs, in bed, and under an office desk was made feasible and resulted in an intensity-dependent
increase of participants heart rates and At°® in training machine temperatures. Participants self-controlled their activities on smart
devices, while a supervisor monitored them over the Internet. Individual At° reached during 30 minutes of moderate-intensity
continuous training averaged 7.8°C (SD 1.6). These At° were used as personalized daily doses of exercise with automatic email
alerts sent upon achieving them. During 1-week training at home, automatic notifications were received on 4.4 days (SD 1.8).
Although the high intensity interval training regimen was feasible on-site, it was difficult for self- and remote management.
Opportunistic leg exercise under the desk, while working with acomputer, and training in bed while viewing television were less
intensive than dosed exercise bouts, but allowed prolonged leg mobilization of 73.7 minutes/day (SD 29.7).

Conclusions: Thisstudy demonstrated the feasibility of self-control exercise training on-site, which was accompanied by online
monitoring, electronic recording, personalization of exercise doses, and automatic reporting of adherence. The results suggest
that this technology and its applications are useful for the delivery of Web-based exercise rehabilitation and cardiac training
programs at the point of care.

(JMIR Rehabil Assist Technol 2015;2(2):e11) doi:10.2196/rehah.4812
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Introduction

Substantial evidence has established the value of physical
activity and strongly supportsthe routine prescription of exercise
training to all patients, including those with cardiovascular
disease and other chronic diseases [1]. However, the current
framework of cardiac rehabilitation (CR) is not sustainable due
to significant barriers such ashigh costs[2]. Modern technology
facilitates the development of digital interventions for health
care, which can provide effective and potentially cost-effective
models for improving patient engagement and health outcomes
[3]. However, despite alarge number of physical activity apps
on the market, there is a shortage of evidence-based apps that
can be used clinically [4,5].

Theoveral contribution of technology inimproving CR delivery
[6] can be conceptualized in relation to four essential
components of CR: patient management, motivation, actual
training and monitoring (Figure 1). The process of rehabilitation
is normally guided by relevant health care providers such as
physiotherapists, who perform patient assessments, prescribe
training programs, assist in training, and control patient
compliance. Figure 1 shows that modern telehealth technology
allowsremote patient management (arrow 1), including telecare
of chronic diseases at home environment [7]. Provision of CR
using tel ehealth approaches was found not significantly inferior
to the center-based programs in patients with cardiovascular
diseases[8].

Arrow 2 demonstrates that behavioral interventions such as
physical activity promotion can be efficiently delivered to the
patients using electronic means. The major advantage of digital
interventionsisthe capacity for patient-centered approaches[9]
such as age-appropriate apps for older adults [10]. Web-based
programs have been suggested as an alternative method of CR
[11] and mabile technology is considered a valuable approach
to improving accessto CR [12]. Nevertheless, access to health
information by itself may have insufficient impact on the
health-related behavior in patientswith cardiovascul ar diseases
[13].

http://rehab.jmir.org/2015/2/e11/

Arrow 3 indicates that modern technology also allows
telemonitoring of exercisetraining by measuring physiol ogical
parameters and exercise volumes. For example, the feasibility
of home-based telemonitoring in patients with heart failure has
been demonstrated in several studies [14]. Wireless
multibiosensor systemswere found valid for real-time tracking
of physical activity among cardiac patients [15] and there are
alarge number of inexpensive physical activity countersfor use
in clinical and public health settings [16]. However,
accelerometers and pedometers have significant limitations[17]
so that subjective self-reporting still remains the main method
of physical activity surveillance [18].

Arrow 4 exemplifies typical methods of patient training, where
CR can bedelivered in self-control, face-to-face or group-based
settings. This model has not changed over the past two decades
[19] and methods of endurance training such as running and
cycling are the same as used by the healthy fit people [6,20].
Because diseases, obesity, and aging reduce patients’ endurance
and mobility [21,22], their low exercise capacity can be
considered as a barrier to sustained CR. Other barriersinclude
lack of transport, financial cost, and embarrassment about
participation [23]. Many patients have to organize and support
their daily training by themselves, including travel to the gym
and expensive professional assistance. The higher costs and
resource intensity make them disadvantaged in their access to
exercise training compared with the healthy population [19].

Figure 1 shows that the phase of actua training has been
influenced by technology to a lesser extent than other
components of CR. It could be suggested that taking patients
away from the point of carefor training and use of conventional
exercise methods may hold back implementing thefull potential
of technology in CR. Therefore, we have developed a
Web-enabled system for training on-site, which consisted of an
innovative leg rehabilitation system integrated with mobile
devices (arrows5). Thisstudy demonstrated that typical exercise
regimens used in CR were feasible at home with remote
monitoring and automated reporting of compliance. Application
of thistechnology might be useful for theintegration of exercise
training with digital interventions at the point of careto improve
sustainability of CR.
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Figure 1. CR delivery framework using modern technology, where arrows indicate: (1) remote management by healthcare providers; (2) digital
intervention delivery to target populations; (3) physical activity monitoring; (4) conventional exercise and cardiac rehabilitation; and (5) on-site training

with the MedExercise system in different settings.
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Methods

Equipment and Data Collection

MedExercise STO1 leg training system (MDXD Pty Ltd) was
used in thiswork. This portable system has been devel oped for
exercise rehabilitation on-site and consists of a variable
resistance unit with two pedals, means for attachment to
furniture, and a measurement module as detailed elsewhere
[24,25]. In addition, the resistance units were equipped with
wirel ess temperature sensors (Monnit) so that temperature was
measured in 1-minuteintervals, transmitted to el ectronic devices
using MonnitLink USB gateways and processed using iMonnit
stand-alone or cloud-based software. Before each training
session, the temperature values were set to zero.
Exercise-induced rise of temperaturein theresistance unit (At®)
was used to monitor training activities of participants and
calculate leg work output during exercise bouts. Participants
heart rates (HRs), expressed as beat per minute (BPM), and
blood oxygen saturation were monitored using fingertip
pulse-oximeter CMS-50E and respective software (Contec).
Blood pressure was measured using the Omron blood pressure
monitor HEM 7200 (Omron Healthcare). Data were analyzed
using Excel spreadsheet software (Microsoft).

Study Design
Arrows5 (Figure 1) illustrate the experimental setupstested in

this study, which represent the possible on-site locations of CR
including standard upright chairs, recumbent armchairs, beds,

http://rehab.jmir.org/2015/2/e11/
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and office desks. The participants trained with MedExercise
devices attached to the pieces of furniture they normally used
at home. Standard electronics such as laptop were equipped
with wireless USB gateways and used by participants for
monitoring of self-control training. When devices were
connected to the Internet, the supervisor could remotely monitor
training of participantsin real time and access At° data, which
were continuously recorded for retrospective anaysis.

The following 5 CR protocols were tested: (1)
moderate-intensity continuous training (MICT), where the
participants exercised at a steady-state intensity for specified
durations, which ranged from 10 to 120 minutes; (2) dosed
MICT protocol, where participants were training at the HR of
100 + 10 BPM for 30 minutesto match the recommended daily
exercise volume for healthy adults [20]; (3) high-intensity
intermittent training, using a modified Wingate protocol [26],
which included 10 cycles of alternate exercise at high (30
seconds) and moderate (2 minutes) intensities; (4) concurrent
training at the office desk while participants were working with
computers; and (5) training in the bed, where recumbent
participants were exercising ad libitum, while viewing TV or
entertaining themselves with their electronic devices.

Participants

The inclusion criteria were (1) absence of known medical
contraindications to regular exercise training; (2) capacity for
installation of training equipment and its regular use at home;
and (3) connection to the Internet and ability to manage
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electronic data. Thereasonsfor exclusionincluded (1) inability
to provide informed consent; (2) not adhering to the prescribed
training regimen; and (3) failure to use technology reliably.
Because this study was focused on the validation of new
technology, recruitment was limited to the needs for testing of
varioustraining programsin different settings. Overall 7 dligible
volunteers (25-52 years old) participated from 2013 to 2015.

Results

Various Training Regimens Feasible On-Site

In this work, we first tested the feasibility of CR regimens
on-site and then validated a new method for automated
monitoring of compliance (Figures 2 and 3, respectively).
Arrows 1-3in Figure 2 illustrate the data flow from the training
equipment to electronic devices and then over the Internet to a
remote supervisor. A mobile device at hand all owed participants
to monitor and adjust their own training activitiesin real time,
while multiuser cloud-based software enabled the supervisor
to access the data from multiple participants regardless of their
location. Previoudly, we demonstrated that remote analysis of
recorded data from the preceding week was useful in advising
the participants on adjusting their training activities [25].

Arrows 4 and 5 point to the actual recordings of HR and At®
during exercise bouts, where At° reflects the leg work output
[24] and HR is the standard characteristic of exercise intensity
[27]. It demonstrates a direct correlation between the intensity
of training and participant’s leg work output because vigorous
exercising at 120 + 10 BPM resulted at a higher work output
per minute indicated by the sharper rise of At° (curve 1).
However, a moderate intensity of training at 100 = 10 BPM
allowed longer durations of exercise sessions such as a
60-minute bout illustrated by Curves 2. MICT bouts of up to
120 minutes were recorded during this study (data not shown).
Arrow 6 marks data input from blood pressure monitor,
indicating the expected rise of systolic blood pressure during
MICT [28]. The oxygen saturation of the blood remained a
steady state (Curve 3).

Arrow 7 exemplifies input of HR and At° data during
high-intensity interval training. It shows the association between
HR and leg work output, where the busts of intensive training
caused sharp rising of HR and At® followed by recovery periods.
Thefeasibility of high-intensity interval training has been tested
because it was shown to increase cardiorespiratory fitness by
almost doublethat of MICT inthe patientswith lifestyle-induced
chronic diseases[29]. However, participantsfound thisregimen
more difficult to adherethan MICT so it was not used routinely.
The MICT and high-intensity interval training protocols can be
described as dedicated training regimens because they have
controlled exercise intensity and limited bout durations.

http://rehab.jmir.org/2015/2/e11/
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Nevertheless, there are real-life situations when dedicated
training bouts are not feasible on a regular basis due to poor
participant health or other circumstances. Consequently, we
have tested an alternative exercise protocol where leg training
was secondary to the sedentary activity of participant such as
viewing TV. This exercise regimen can be described as
opportunistic as it does not have a specified training intensity
and duration. Arrows 8 and 9 indicate the leg work output of
participants working with computer at the desk or lying in bed
while watching TV. These recordings show that opportunistic
exercise sessions had variable leg work output and overall lower
training intensity than in dedicated exercise bouts. Typically,
they also included breaks, but alowed prolonged leg
mobilization averaging at 73.7 minutes (SD 29.7) without
committing extratimeto dedicated training activities. According
to the participants, concurrent training reduced boredom of
otherwise monotonous exercising.

Per sonalization and Automation of Exercise Doses

Figure 3 explains the method of personalizing MICT doses and
automated notification of compliance. The dose of daily exercise
was based on the current guideline of moderate-intensity aerobic
(endurance) physical activity for a minimum of 30 minutes on
5 days each week [6,20]. It was proposed that At° achieved by
MICT in 30 minuteswould indicate a participant’s personalized
dose of exercise to be taken on a daily basis. The curves at a
top row demonstrate that At® values produced by participants
in 30-minute MICT bouts ranged from 4.5 to 10.5°C averaging
7.8°C (SD 1.6). These values were used as the numerical
expression of personalized exercise doses as exemplified by
digital interface. For example, horizontal dashed lines define a
half (arrow) and the full dose of 10.5°C at the top curve so that
anumber 5.25°C indicates 50% of the dose. Reaching a target
of 10.5°C signified taking a full personalized dose of MICT.

The participant wasinstructed to reach the MICT dose of 10.5°C
onadaily basis. A middle curve at Figure 3 exemplifiesweekly
At° recording, where each peak represents one training bout
such asat the top row, but on the scale of 1 week. Oncethe dose
of 10.5°C was achieved (dashed ling), an automatic notification
will be sent by email. Each message was counted as ticks on
the digital interface, which demonstrates that during this week
MICT doses were taken on Days 1, 3, 4, 5, and 7. Because the
dosesweretaken on 5 days during the week, the participant was
considered to have matched the recommended volume of weekly
exercise[20]. A bottom row at Figure 3 shows the overall data
flow alowing assessment of compliance using cloud-based
software. The digital interface exemplifies that 2 participants
took daily exercise doses on 5 days and one on 6 days during
the week. Therefore, al 3 participants met the recommended
weekly exercise doses[20].
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Figure 2. Typical settings and data recorded during this study, where arrows indicate: (1) wireless data transfer between the participant and electronic
device; (2) connection to the Internet; (3) remote access by supervisor; paralel (4) HR and (5) At° recordings during exercise at vigorous and moderate
intensities indicated by curves 1 and 2, respectively; (6) changes in systolic and diastolic blood pressure, and blood oxygen saturation during MICT,

curves 1-3 respectively; (7) changesin HR and At° during high intensity interval training; changes of At® during (8) under-desk and (9) in-bed training.
Dashes show periods of active training.
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Figure 3. Personalization and automation of MICT doses, showing: (top row) variability of At° produced at the same HR of 100+10 bpm and numeric
expression of the MICT dose; (middle row) continuous At° recording for 1 week and a corresponding digital interface, marking compliant days by ticks;
(bottom row) data flow during this study from the home-based training systems to supervisor’sinterface, reflecting daily adherence to the personalized

MICT doses of multiple participant as ticks and crosses.
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The individual At° averaged 7.8°C (SD 1.6) was prescribed to
all participantsasdaily MICT doses and set as the threshold for
email derts. Exercisedevicesintegrated with personal electronic
devices were provided for training at home for 1 week. Every
time At° reached the individua threshold, automatic notifications
were sent to the participants and supervisor to notify about
taking the MICT dose. Overall, the automatic notificationswere
received on 4.4 days per week (SD 1.8). Retrospective analysis
of At° recordingsallowed detection of uncompleted MICT bouts,
asmarked by the asterisk at the middle curve of the bottom row.
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Previously, we demonstrated that weekly training patterns could
vary and poor adherence prompted intervention by supervisor
over the phone [25].

Discussion

Principal Findings
In this work, we demonstrated the feasibility of delivering

several exercise regimens on-site using an innovative training
setup that provided the participants with integrated digital and
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physical interfaces. A standard mobile device such as alaptop
was used as the user interface for monitoring of self-control
training, whereas a portable leg rehabilitation system served as
the physical interface providing means of resistance training
[24]. Because data from the exercise device were inputted in
real time, it operated in the capacity of a periphera appliance
to the mobile device at hand. Connection to the Internet and
application of cloud-based software enabled online networking
and remote monitoring of participants training. Future
development of this system might include its integration with
patient portals and activity-centered gamified apps [30].

MICT regimens such as bouts of running or cycling are
commonly used in CR [6]. An advantage of the MICT modeis
measurability of exercise volumes using metabolic equivalents
of various physical activities as a function of time [31]. In this
work, we proposed a new method for exercise quantification
by measuring At° in the training device. Because At° correlated
with exercise intensity and duration, it was proportional to the
energy expenditure of the user. Therefore, At°® produced by
MICT in 30 minutes could reflect the recommended amount of
daily energy expenditure [6,20]. The numerical nature of At°
allowed expression of daily exercise volumes as single numbers,
making it similar to the doses of drugs to be taken daily. The
terminology of exercise “dose” and “dose taking” used in this
study was analogous to previously proposed expressions such
asexercise “pill” and “pill taking” [2,6].

Implicationsfor CR

The feasibility of different training regimens suggests
self-sufficiency of compact and inexpensive MedExercise
systems, which might allow exerciseintervention without taking
the patient away from the point of care (Figure 1). By contrast,
the current model of CR islimited to specialized gyms because
fitness machines such as treadmills and cycle ergometers are
too heavy, bulky, and costly for use on-site. For example, a
Motomed cycling machine, which is modified for use at the
point of care, was found useable [32], but sophisticated
mechanics makes it too expensive for widespread applications
in CR. Motomed aso lacks the networkability for remote
management. Facilitating on-site training might be useful to
mitigate barriers to sustained delivery of CR such as the need
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for daily transportation and face-to-face training of weak
sedentary patients[2].

The variability of feasible exercise regimens demonstrated in
this study allows customization of on-site exercise programsto
provide patient-centered intervention. Depending on the level
of fitness and other circumstances, patients could be offered
training regimens ranging from intensive exercise bouts for
relatively fit participants to extensive opportunistic training in
bedridden patients. There might be many categories of patients
to benefit from on-site CR, including critically ill patients, in
which early leg mobilization can improve outcomes [33].
Nonclinical uses of on-site exercising include contemporary
workplaces, wherethereisahigh potential for increasing energy
expenditure in sedentary workers [34]. Reduced boredom of
concurrent exercise may help to improve sustainability of CR.

A single-number exercise doseintroduced in this study allowed
automation of compliance reporting using the digital threshold
settings. This approach can simplify the long-term compliance
monitoring, because a “good” adherence could be easily
quantified as taking 5 or more daily MICT doses per week.
Noncompliance became obvious as less than 5 alerts received
in a week [6,20]. Cloud-based software can serve as a
Web-based platform for health care providers, useful for
controlling CR in the participant network, including remote
patients at the point of care. Web-based management is likely
to reduce the financial cost of services by eliminating
geographical barriers and reducing labor intensity of CR per
patient [8].

Limitations

The limitations of this study include participation of only a
small number of healthy volunteersand relatively short duration
of intervention, which was due to the innovative nature of the
technology and focus on testing new training protocols before
offering them for the clinical trials. Therefore, thiswork should
be considered asapil ot study, validating the technical feasibility
of innovative technology. The encouraging results of this study
warrant further research to establish the efficacy, effectiveness,
and feasibility of thisapproach in patients with chronic diseases
and other medical conditions preventable and treatable by
regular exercise training.
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Abstract

Background: Vertical jump tests are used in athletics and rehabilitation to measure physical performance in people of different
age ranges and fitness. Jumping ability can be analyzed through different variables, and the most commonly used are fly time
and jump height. They can be obtained by avariety of measuring devices, but most are limited to laboratory use only. The current
generation of smartphones contains inertial sensors that are able to record kinematic variables for human motion analysis, since
they aretools for easy access and portability for clinical use.

Objective: Theaim of this study wasto describe and analyze the kinematics characteristics using theinertial sensor incorporated
in the iPhone 4S, the lower limbs strength through a manual dynamometer, and the jump variables obtained with a contact mat
in the squat jump and countermovement jump tests (fly time and jump height) from a cohort of healthy people.

Methods: A cross sectional study was conducted on a population of healthy young adults. Twenty-seven participants performed
three trials (n=81 jumps) of squat jump and countermovement jump tests. Acceleration variables were measured through a
smartphone'sinertial sensor. Additionally, jump variables from a contact mat and lower limbs dynamometry were collected.

Results: In the present study, the kinematic variables derived from acceleration through the inertial sensor of a smartphone
iPhone 4S, dynamometry of lower limbs with a handheld dynamometer, and the height and flight time with a contact mat have
been described in vertical jump testsfrom acohort of young healthy subjects. The development of the execution has been described,
examined and identified in a squat jump test and countermovement jump test under acceleration variables that were obtained
with the smartphone.

Conclusions: The built-in iPhone 4S inertial sensor is able to measure acceleration variables while performing vertical jump
tests for the squat jump and countermovement jump in healthy young adults. The accel eration kinematics variables derived from
the smartphone’sinertial sensor are higher in the countermovement jump test than the squat jump test.

(JMIR Rehabil Assist Technol 2015;2(2):e7) doi:10.2196/rehab.4120

KEYWORDS
sguat jump; countermovement jump; inertial sensor; smartphone

elderly [8] and children [9]. Vertical jump capacity can be
measured by different variables such as vertical take-off speed,
flight time, mechanical power or the displacement of the center
of body mass[10-13].

Introduction

In athletics and rehabilitation, functional capacity can be
evaluated through different methods; one of them isthe vertical

jump test. In addition, the vertical jump serves as a predictor of
anaerobic capacity, motor development and athletic ability in
sports [1-7]. Other studies report that the vertical jump test
seemsto be an indicator for assessing functional capacity inthe

http://rehab.jmir.org/2015/2/€7/

Some of the classic measurement tools to calculate these
variables are the force platform, video-analysis systems,
photoelectric cellsand contact mats[10-13]. These methodsfor
vertical jumping measurement have excellent validity for
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laboratory studies. However, these tools are expensive and
difficult to transport, creating difficult transferability to other
environments or professional applications. Furthermore, in
recent years new technol ogies have begun to be used for human
motion studies, such as inertial sensors, which are small and
portable, and provide solutions to the drawbacks of other
commonly used instruments for human motion analysis [14].
In some studies, accelerometric systems have been used to
estimate vertical jJump capacity [15-19]; these are based on the
use of acceleration peak values recorded in the performance of
vertical jumps.

Currently, the latest mobile phone generation usually includes
inertial sensors with subunits such as accelerometers and
gyroscopes that can detect acceleration and the inclination of
devices. Numerous apps that display, store and transfer inertial
sensor data have been developed for the operation of different
mobile phones. These apps have great potential for tracking
human motion parameters for research and clinical practice.
Apps are being devel oped for use in different situations related
to human movement, such as the pedometer [20], or the
development of an assessment tool and quantification of
kinematic variables related to the fragility of the elderly [21].
The wide availability of mobile phones, due to the variety of
useinthe daily lives of most people in developed countries, as
well astheir small size and portability, make them very useful
tools for field study development and subsequent use in
professional practice [14].

Because of the advantages offered by mobile phones as tools
for the study and analysis of human movement, it is of interest
to check their ability to assess and analysis vertical jump tests.
The aim of this study was to describe and analyze kinematics

Table 1. Characteristics of sample (N=81 jumps).

Mateos-Angulo et al

characteristics using the inertial sensor incorporated in the
iPhone4s, lower limb strength through amanual dynamometer,
and the jump variables obtained with a contact mat in the squat
jump (SJ) and countermovement jump (CMJ) testsfrom acohort
of healthy people. The squat jump (SJ) isdefined as ajump that
is performed from a squatting position. A counter movement
jump (CMJ), which ishigher, isajump where the jumper starts
from an upright standing position, makes a preliminary
downward movement by flexing at the knees and hips, then
immediately jumps up from that position.

Methods

Design and Participants

This was a cross-sectional study, involving 81 jumps from 27
participants. The participants were young Health Sciences
students from the University of Méalaga (Spain). Participants
had to meet the inclusion criteria of being healthy adults aged
18 to 35 years, without musculoskeletal or neurological
dysfunction. Subjects with any of the following criteria were
excluded: a history of heart disease, surgical interventions in
the last year, any disability that would make the correct
achievement of the tests difficult, any pain that prevented the
completion of tests or neuromuscular pathology that could be
aggravated by participating in the study. A physical therapist
evaluated the volunteers for the presence of exclusion criteria.
Table 1 shows the characteristics of the sample.

The study complied with the principles laid out in the
Declaration of Helsinki. The ethics committee of the Faculty
of Health Sciences at the University of Malaga, Spain, approved
the study.

Characteristic Mean (SD)
Age (years) 24.30 (3.90)
Height (cm) 173.59 (9.74)
Weight (kg) 72.58 (13.01)
Body mass index (kg/m?) 23.95 (2.96)

Data Collection and Procedures

Overview

Study subjects performed threetrials of thejump tests described
by Bosco [22]: SJand CMJ (with arm swing modality). The SJ
is a maximum vertical jump starting from the position of leg
flexion 90°, with no rebound or counter movement and with
hands on hips from the beginning to the end of the jump. The
CMJisperformed starting from astanding position, then aquick
movement of flexion and extension of the knees, and an
immediate maximum vertical jump [22]. Before the start of the
vertical jump tests, participants performed awarm-up on acycle
ergometer for 10 minutes. After the warm-up period, each
subject was instructed in the proper way to perform each test.
Before starting the test, atria test was performed to verify that
the participant had understood the instructions. Between every
jump arest period of 1 minute was set.

http://rehab.jmir.org/2015/2/€7/

Anthropometry

Anthropometric datawere obtained following the guidelines of
The International Society for the Advancement of
Kinanthropometry (ISAK) [23]. The weight was recorded with
the subject barefoot and in underwear. The height isthe distance
from the vertex to the soles of the feet. It is measured with the
subject standing in anatomical position and the occipital region,
back, gluteal region and heels in contact with the height rod.
The subject takes a deep breath at the time of measurement.
The body massindex (BMI) was cal culated by dividing weight

in kilograms (kg) by height in meters squared (m?).

Kinematics Variables

Linear acceleration was measured along three orthogonal axes
using the iPhone 4S inertial sensor, which incorporates a
three-axis gyroscope, accelerometer and magnetometer. The
mobile phone was attached to a belt and fixed at L5-S1 level.
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Data were obtained for analysis through SensorLog, available
as an Apple iPhone app. The recording rate was set at 30
milliseconds. The recordingswere stored in theinternal memory
of the mobile phone and were then sent via email for off-line
processing. A previous study [24] showed that the mobile phone
(iPhone) accelerometer was accurate and precise compared to
a gold standard, with an intra-class correlation coefficient

(r>>0.98). The mobile phone accelerometer showed excellent
sequentia increaseswith increased walking vel ocity and energy

expenditure (r>>0.9). An accelerometer embedded into amobile
phone was accurate and reliable in measuring and quantifying
physical activity in the laboratory setting [24].

Jump Measuring

The height and flight time were evaluated through the contact
mat Globus Ergojump Thesys in CMJ with arm swing and SJ
tests. The Globus Ergojump contact mat was validated in aprior
study [12].

The CMJ test is performed with the subject starting from a
standing position on the contact mat. A quick flexion and
extension of the kneejoint with minimal stops between eccentric
and concentric phasesis performed. The participant can swing
hisarmsto propel himself. Thelegs should be kept in extension
from take-off to landing. In a specific study to determine the
reliability of different countermovement tests, an intraclass
correlation coefficient (ICC) of 0.88 for the CMJ was
determined [25].

For the SJtest, the participant is placed from the vertical position
with hands on hips and with knees in flexion position of 90
degrees. Following the indication of the examiner, the subject
performs a boost without any countermovement trying to
achieve the maximum height in a vertical jump keeping the
lower limbsin extension after take-off to landing [12].

The contact mat records flight time in seconds and the height
reached in centimeters. Three repetitions of each test were
conducted with more than one-minute rest between each.

Maximum | sotonic Strength of the Knee Extensors

Isotonic muscle strength of the knee extensors was evaluated
by bilateral dynamometry through the digita manual
dynamometer POWERTRACK (JechMedical). This tool
incorporates a load cell affixed to the distal end of the leg of
the subject. The dynamometer has a digital display that shows

http://rehab.jmir.org/2015/2/€7/
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the force applied to the load cell in Newtons and records the
peak in each attempt. The validity of this dynamometer has
been demonstrated, with an ICCs ranging from 0.72 to 0.85
[26].

The participant is placed in a sitting position on a stretcher, his
hands resting on hislegs and feet hanging off the ground. The
examiner places one hand to stabilize the subject’s leg and the
other hand to support the load cell on the subject’s distal third
tibia. Starting from 90° knee flexion, the subject performs a
knee extension resisted by the examiner with the load cell. A
full extension must be avoided, with the knee flexion reaching
5°. The maximum peak force is recorded in the digital
dynamometer. The test was performed three times for each
subject, with a 2-minute break between tests; the highest value
was taken.

Data Processing

An off-line analysiswas guided to obtain kinematic information
from the accelerometer for each subject, in each trial, in the SJ
and CMJ test. In this study, the mean and standard deviation
was obtained from the maximum peak and minimum peak of
accelerations in the three axes of movements (x, y and 2).
Furthermore, the mean and standard deviation from maximum
peak and minimum peak from the resultant vector (RV)

accelerations [RV =V (X + y? + 7%)] was obtained.

Statistical Analysis

To analyze the results, a database was created from the
information gathered from the participants, the inertial sensor
variables, thejump test variables and maximum isotonic strength
of the knee extensors variables. The Kolmogorov-Smirnov test
was used as determined by the variables normality of
distribution. Descriptive statistics were performed with measures
of central tendency and dispersion of the variables studied.
Analysis was performed with SPSS Version 20.0 (SPSS Inc,
Chicago, IL, USA).

Results

The Kolmogorov-Smirnov demonstrated that the distribution
of the sample by gender was non-normal. Table 2 summarizes
the acceleration-based measures, the jump test measures and
maximum isotonic strength of the knee extensors measuresin
the SJand CMJjump test.
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Table 2. Acceleration-based, jump test values and maximum isotonic strength in the SJand CMJ (N=81 jumps).

Mean(SD)
Accelerometer SJ
Max acc X (m/s?) 0.585 (.449)
Min acc X (m/sY) -0.549 (.436)
Max acc Y (m/s) 1.851 (.629)
Minacc Y (m/s) -0.087 (.239)
Max acc Z (m/s?) 0.844 (.493)
Min acc Z (m/s9) -1.211 (.567)
Max acc RV (m/s?) 2.202 (.679)
Min acc RV (m/s) 0.005 (.003)
Accelerometer CMJ
Max acc X (m/s?) 0.819 (.5385)
Min acc X (m/sY) -0.792 (.501)
Max acc Y (m/s?) 2.036 (.645)
Minacc Y (m/s) -1.158 (.076)
Max acc Z (m/s?) 1.046 (.549)
Min acc Z (m/s9) -1.489 (.446)
Max acc RV (m/s?) 2.472 (.631)
Min acc RV (m/s) 0.004 (.002)
Jump Test Mat
Jump height SJ (m) 0.223 (.076)
Jump time SJ (s) 0.419 (.077)
Jump height CMJ (m) 0.329 (.099)
Jump time CMJ (s) 0.511 (.088)
Dynamometry
Right dynamometry (N) 251.92 (53.029)
L eft dynamometry (N) 234.96 (45.846)
Discussion analyze the kinematic variables in vertical jump tests with the

Principal Results

In the present study the kinematic variables derived from
acceleration through the inertial sensor of an iPhone 4S,
dynamometry of lower limbs with a handheld dynamometer,
and the height and flight time with a contact mat were described
in vertical jJump tests from a cohort of young healthy subjects,
aged between 18 and 35 years. The development of the
execution in SJ and CMJ vertical jump tests is described,
examined and identified under acceleration variables obtained
with the mobile phone.

Comparison With Prior Work

To the best of our knowledge, and according to the literature
reviewed so far, the present study is the first to describe and

http://rehab.jmir.org/2015/2/€7/

RenderX

use of a mobile phone as the main instrument.

Previous studies have been found in literature that may be
relevant to the present study, in which vertical jump tests were
evaluated through inertial sensors[15-19,27,28]. However, none
of them has instrumentalized jump tests with amobile phone's
inertial sensor. Furthermore, most of these studies have focused
on searching agorithms to identify jump height [15], and
developing validations of accelerometers as vertical jump
evaluators [16-19,27], rather than on the kinematic description
of the jump tests through accel erometry variables. Only one of
these studies [28] describes the accelerometic characteristics
and analyses the acceleration curves during an SJ. However,
acceleration features of SJ were not compared with any other
type of jump test. On the other hand, the instrumentalization
used was a uniaxial accelerometer and not a mobile phone's
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triaxial accelerometer. The mobile phone'striaxia accelerometer
offers the advantage of getting variables of the three axes of
motion (X, y and z), while the uniaxial accelerometer gives us
variables of only one axis of movement. In addition, today, most
mobile phones contain triaxial accelerometers, which are very
accessible to most people, and the acquisition of another tool
to analyze human motion through acceleration values would
not be necessary using a mobile phone.

From accelerometry data obtained through the mobile phone,
differences in values of minimum and maximum acceleration
wereidentified between the two types of jump tests SJand CMJ
(see Table 2). Higher values of acceleration in the different axes
of movement (X, y and 2) in CMJ with respect to the SJ, may
be explained by the countermovement produced in CMJ test
causes greater movement synergiesinvolving higher acceleration
[29]. It can also be observed in the jump variables measured by
the contact mat; higher mean values of jump height and jump
time in the CMJregarding SJ are shown (see Table 2).

Specifically, the higher maximum acceleration values in the
y-axis found in the CMJ are explained by the jump modality,
asthe countermovement allowed init facilitates greater vertical
impulse[29]. Furthermore, the fact that greater height isreached
more easily at CMJ causes greater deceleration after the
transition between the maximum peak height and landing; this
resultsin higher minimum acceleration values along the y-axis
with a remarkable difference between CMJ and SJ tests—the
acceleration difference is the greatest between the two jumps.
These perceived differences are consistent with the higher

Figurel. SJY axis acceleration graphic example.

Mateos-Angulo et al

heights and flight times recorded by the contact mat from CMJ
test and the known differences between CMJ and SJ tests [29].
Moreover, when anayzing the graphs of acceleration of SJ
performed in this study, it has been observed that in the
development of this type of jump, a negative acceleration on
the y-axis (see Figure 1 and 2) is a common occurrence prior
to the start of the upward positive acceleration curve that
corresponds to the beginning of the upward thrust. Because the
SJtechnique must be performed without any countermovement,
this could be explained by the possibility that the mobile phone's
accelerometer detects small accelerations produced by short,
quick countermovements made by the subject, and examiners
who determine whether the execution of the jump has been
correct, would not be able to detect them with their own eyes.

For acceleration in the z-axis, the differences found may also
be explained by the influence of the transition between the
eccentric and concentric phases occurring before take-off for
CMJbecausetrunk flexo-extension movements occur, involving
higher acceleration valuesin the z-axis [29].

Regarding the differences in the x-axis acceleration, it is
conceivable that lateral displacements by the subject in the
execution of both tests can be greater for the CMJ test, also
because movement synergies in this jumping technique are
implied, and higher flight times are achieved [29].

The differences between tests are also maintained for the
resultant vector acceleration values, although less so. This can
bejustified by the integration of the acceleration signalsin the
different axes of motion to calculate the resulting vector.
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Figure2. CMJY axis acceleration graphic example.
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Limitations and Future Work

Asalimitation in this study, we can mention the fact that there
isno separation by gender analysisthat would show differences
between men and women in performing the jumps [30].
Therefore, future studieswith alarger sampleto allow anormal
distribution of variables, adjusted by gender analysis, could be
performed.

As a fortuitous finding, upon visual inspection of the y-axis
acceleration graphic in the SJ tests, we observed a previous
negative acceleration at the start of the upward curve of positive
acceleration. This would be interesting research for future
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studiesto analyze curves and globally analyze the mobile phone
discriminating power between correct executions of vertical
jump tests without countermovement based on trunk
accelerometry.

Conclusions

According to the results obtained in this study, we can conclude
that the built-in iPhone 4S inertial sensor is able to measure
acceleration variables for vertical jump tests SJ and CMJ in
healthy young adults. The acceleration kinematics variables
derivate from the mobile phone's inertial sensor are higher in
the CMJ test than the SJ test.
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Abbreviations

BM1: body mass index

CMJ: countermovement jump

I CC: intraclass correlation coefficient

| SAK: The International Society for the Advancement of Kinanthropometry
RV: resultant vector

SJ: squat jump
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Abstract

Background: Peer support is an emerging form of person-driven active health care. Chronic conditions such as Méniéere's
disease (adisorder of theinner ear) need continuing rehabilitation and support that is beyond the scope of routine clinical medical
practice. Hence, peer-support programs can be helpful in supplementing some of the rehabilitation aspects.

Objective: Theaim of this study was to design a computerized data collection system for the peer support of Meniére's disease
that is capable in profiling the subject for diagnosis and in assisting with problem solving.

Methods. The expert program comprises several dataentriesfocusing on symptoms, activity limitations, participation restrictions,
quality of life, attitude and personality trait, and an evaluation of disease-specific impact. Data was collected from 740 members
of the Finnish Méniere's Federation and utilized in the construction and evaluation of the program.

Results. The program verifies the diagnosis of a person by using an expert system, and the inference engine selects 50 cases
with matched symptom severity by using anearest neighbor algorithm. These cases are then used as areference group to compare
with the person’s attitude, sense of coherence, and anxiety. The program provides feedback for the person and usesthisinformation
to guide the person through the problem-solving process.

Conclusions: This computer-based peer-support program isthefirst example of an advanced computer-oriented approach using
artificial intelligence, both in the profiling of the disease and in profiling the person’s complaints for hearing loss, tinnitus, and
vertigo.

(JMIR Rehabil Assist Technol 2015;2(2):€9) doi:10.2196/rehab.4109

KEYWORDS

Méniére's disease; diagnosis; disease profiling; peer-support; participation restriction; activity limitation; enablement; machine
learning
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Introduction

Méniére's disease is a disorder of the inner ear that causes
spontaneous episodes of vertigo, fluctuating hearing loss,
tinnitus, and fullness of the ear [1]. The impact of this complex
chronic condition varies greatly from person to person and from
timeto time, depending on the vertigo attacks experienced [2].
However, generally this condition can result in physical, mental,
and social consequences to both the person affected and their
significant others[3], causing apoorer health-related quality of
life [4]. Even though people with Méniére's disease are
subjected to extensive clinical examination (eg, medical,
audiological, and psychosocia evaluations), the diagnosis of
this condition is often symptom-based.

There are medical therapies available for this condition (eg,
medication, surgery). However, thereisno permanent curefrom
medical therapy, and often there is a requirement for lifestyle
changes. Hence, there is a great need for an appropriate
rehabilitation program for people with the Méniére's disease
and their significant others to help them learn various coping
strategiesto live well with this condition.

Increasing the knowledge of the impact of the disease (eg, life
consequences in terms of activity limitations and participation
restrictions) may be an important first step in rehabilitation.
This may assist in attitude change, the acceptance of the
condition, and lifestyle modification. Moreover, when dealing
with chronic conditions, it has been recognized that “social
participation,” in addition to clinical and medical management,
may bring many advantagesin terms of improving the adherence
and compliance to therapy, as well as improving coping with
the condition, thereby resulting in better health outcomes. For
example, a recent study in multiple sclerosis suggested that
social participationwas significantly —associated with
health-related quality of life [5]. Hence, we suggest that social
participation should be an important intervention component
of chronic conditions such as Méniére's disease.

Peer support isasalient concept in health care, which considers
the patient’s social relationship and social participation as
important components. Peer support is defined as the “ system
of giving and receiving help founded on key principles of
respect, shared responsihility, and mutual agreement of what is
helpful” [6]. Moreover, “peer support has been defined by the
fact that people who have like experiences can better relate and
can consequently offer more authentic empathy and validation”
[7]. Various forms of peer support exist in heath care (ie,
person-to-person support, telephone calls, and Internet-based
support), and these have become moreimportant in recent years
asmedical devel opmentsand medical technology have provided
the increasing challenges of disease with alternative treatment
possihilities[8-10]. Furthermore, the outcome of modern health
careisincreasingly focused on the improvement of the quality
of life, and people's expectations have subsegquently increased
[11]. Therefore, the expectations of treatment have been that
the therapy will lead to a complete healing of the conditions
and will provide a normal state of health [12]. However,
complete healing of the condition seldom occurs in chronic
diseases like Méniére's disease. The modern approach to
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improvement emphasizes that in the life of all human beings,
social participation is vital. This goal-directed behavior is one
of the core constructs. Needlessto say, medical therapy seldom
achieves these goals whereas peer support commonly focuses
on such items. Thus, in peer support the regaining of function
is an active process, in that the person should work toward
solving their problems.

Peer-support programs give patients an opportunity to actively
participate in their own rehabilitation. However, it isimportant
to recognizethat peer support isimportant in all levels of health
care delivery, not just in rehabilitation [13]. Person-to-person
peer support is based on voluntary activity and is usually
constrained by the limited numbers of volunteers. Recently,
computerized peer-support programs have been introduced,
especialy in behavioral disorders [14]. So far, for inner-ear
diseases there are a limited number of Internet-based
peer-support systems available. One such example is a system
developed in Sweden that isaimed at the alleviation of tinnitus
and comprises 6 sessions [15]. Most of these sessions entail
teaching relaxation techniques and how to avoid the adverse
effects of tinnituswith sound therapy. The computer has several
advantages: it is anonymous for the supported person, is
indefatigable, and can serve hundreds—and even thousands—of
people at the same time. Guidance can be tailored to the level
of best expertise. And the program can be repeated, restarted,
and continued as needed. However, these programs are usually
Internet-based implementations, and the interface lacks the
capability to profile the person’s complaints and personal needs.
Nevertheless, the tinnitus program and programs devel oped for
behavioral disorders demonstrate that a computer-based
peer-support system isboth realistic and acceptable and provides
results as good as a form of person-to-person peer-support
[14,15].

Methods

Overview

Disease profiling is the first important step in dealing with any
chronic condition. Disease profiling should not only consist of
medical diagnosis, but should also focus on understanding the
impact of the condition on wider life activities. Thisinformation
is important in planning the management of the disease,
especially intailoring the rehabilitation to meet the needs of the
specific individuals. In conditions such as Méniére's disease
whereit isacommon practice to diagnose based on symptoms,
an advanced computer-based system can be applied in disease
profiling. Such an approach can be extremely beneficial in
self-directed | nternet-based and/or computer-based peer-support
programs.

The aim of the present study is to develop an intelligent
computer-based peer-support system that i s capable of assessing
Méniere's disease and profiling theimpact of the condition. By
applying artificial intelligence and knowledge-based systems,
computerized peer-support can be tailored to meet individual
needs. The program collects data.on the participant’sMéniere's
disease symptoms, activity limitations, participation restrictions,
personality traits, moods, and attitudes. It then classifies these
in terms of the problems experienced from the disease on a
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personal level using the International Classification of
Functioning, Disability, and Health (ICF) [16]. The program
runs interactively and the patient’s profile ultimately controls
the program flow so that the computerized peer-support is
tailored for individual needs.

Data Collection

Permission was obtained from the Finnish Méniére’s Federation
(FMF; Suomen Meniere-Liitto Ry) to contact their members,
asking them to complete an extensive questionnaire on
symptomsrelated to Méniére' sdisease. Under Finnish law, this
kind of survey study conducted within a patient support
organization does not need ethical approval. The sample
comprised 1200 individuals. They were sent a 26-page
guestionnaire by mail, together with a stamped addressed
envelopefor the return of their responses. These questionnaires
have previously been used in our studies on Méniére's disease
[17-19]. A total of 781 candidates returned the questionnaire
(65% response rate). Of these, 571 were female and 210 were
male, and 740 of the questionnaires were adequately completed.
The mean age of respondents was 62.3 years (SD 11.5 years),
and their Méniére's disease-specific symptoms had lasted an
average of 16.2 years (SD 11.2 years).

All of the questionnaires were administered in Finnish. The
questionnaires comprised both  disease-specific and
impact-related questions. An otoneurology questionnaire [20]
with 86 questions was used to evaluate the characteristics of
the otologic disease. A EuroQol EQ-5D tool was used to study
the general hedlth-related quality of life [21]. The EuroQol
EQ-5D tool has atest-retest reliability of 0.66 and has validity
inrelation to other generic health-related quality of life measures
such as the 36-item Short Form Health Survey (SF-36) [22]. A
short version of the sense of coherence (SOC) questionnaire
[23] was used to eval uate personality traits. The short SOC scale
internal consistency ranges from 0.74 to 0.91, and has a
test-retest reliability of 0.54 [23]. A short form of the
post-traumatic growth inventory (PTGI-SF) [24] was used to
assess improvements caused by the program. The PTGI-SF has
areliability of 0.90 and isvery closeto thereliability of thefull
version of the PTGI [24]. Activity limitations were evaluated
using the international tinnitus inventory (ITI) [25] with 8
guestions, and the hearing disability and handicap scale (HDHS)
[26] with 10 questions. The internal consistency of the ITI
ranged from 0.87 to 0.91 [25] and HDHS ranged from 0.81 to
0.89 [27]. Sound localization was evaluated using 4 questions
based on the hearing measurement scale (HMS) [28,29].
Dizziness and vertigo were evaluated using the 8 questions
about vertigo and dizziness[30,31], with aninternal consistency
ranging from 0.75 to 0.82. Participation restrictions were
evaluated using the Participation Restriction Scale [32], which
consisted of 30 questions. Disease-specific impact assessment
was done using a mixture of open-ended and closed questions.
The questionnaire based on the ICF was used to classify the
impact of the disease at the individual level [18]. Anxiety or
nervousness was evaluated using a 15D questionnaire, which
measures genera health-related quality of life, by asking the
subject: “Does vertigo, hearing loss, or tinnitus cause you
anxiety or nervousness?’ [33]. A specific question on vitality
was also based on a question presented in the 15D [33]. The
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15D scale has been found to have appropriate content and
construct validity. The repeatability coefficients of the scaleare
92%-100% depending on the dimension, and a high sensitivity
is achieved as demonstrated by its discriminatory power [34].

Zaphiris et a have estimated the ideal amount of information
to beincluded in Web pages targeted toward older people [35].
We have followed these guidelines in our program.

Disease Profiling

The complaint history was inputted into the inference engine
to assess the diagnosis. In this process, the program uses 2
classes of information: (1) necessary and (2) supportive data.
The class of signs depends on the disease so that one sign can
be necessary and other supportive. A necessary signisindicative
for Méniére's disease. Supportive signs suggest the condition,
but their presenceis not obligatory. The program uses a pattern
recognition algorithmin classifying the diseases causing vertigo,
which has been described in detail el sewhere[36,37]. Based on
the outcome of theinference engine, different probability scores
are provided. One probability scoreindicatesthe outcome when
all necessary questions have been answered, and the other when
there are missing data resulting in uncertainty. In calculation
of the probability values, the person data is compared with the
optimal data.

The knowledge base contains extensive descriptors of 14
diseases causing vertigo. In the program, a descriptor defines
the mapping between a disease and answers to the
guestionnaire's symptoms and to medical history questions. For
a disease d there are n(d) questions, and a score S(d) for the
disease as defined below (Figure 1).

Figure 1. Disease scoring formula.

S(d) = MY x, (d)P,(d)

In the formula above, the binary variable X;(d) has the value of
1if auser has provided an answer i concerning the disease d
and otherwise zero. Variable P;(d) is the significance of the
guestion i for disease d. By this reasoning, we select the
diagnosis of disease d where the score S(d) is the highest. A
detailed description of disease scoring as well as handling
missing data and dealing with the uncertainty of reasoning has
been presented in a previous report [38].

System Architecture

The program’s user interface was designed to be simple due to
the age group of the potential users. The program presents
guestions and statements to the user in a thematic series. The
user generally sortstext items on the screen with the mouse by
dragging and dropping. The program automatically saves the
input when the screen changes. Feedback from the computer
takes the form of either pure text or graphical presentations.

The peer-support program has been written in PHP-language.
It uses a MySQL-database that stores the person data and
knowledge data required for verifying the person’s diagnosis.
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The program generates interactive www-pageswith thehelp of  isdirected to the peer-support program using xhtml forms. The
the Apache www-server. Finally, the server sends the pagesto  high-level system architecture is presented in the middle of
the person’swww-client program. Theinput fromtheindividual  Figure 2.

Figure 2. System architecture and data description of the peer-support program. (Note: Questionnaire data is stored in the person-data database and
disease descriptors are stored in the knowledge database. The table in the left shows the questionnaires used. The disease descriptors on the right side

include the inference engine.).
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Entry Criteria Based On the American Academy of
Otolaryngology-Head and Neck Surgery (AAO-HNS)
Criteria

Candidates belonging to the FMF were classified based on the
AAO-HNS criteria for Méniere's disease. The criteria show

%

l

.
.

- 8

Knowledge Disease
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either definite or probable Méniere's disease (Table 1). Thus,
if the criteria were probable of Méniére's disease, 35 people
with possible Méniére's disease would be excluded.

Table 1. Exclusion and inclusion criteria and their relationship between AAO-HNS-based symptom classifications.

Criteria Limit Accepted Rejected Missing data
AAO-HNS criteria Probable or definite 694 35 11
ONE-program Diagnostic criteria 706 19 15

EQ-5D VAS score <95% 709 26 5
Disease-specific impact Impact >0 692 28 20

Entry Criteria Based On the ONE-Program Criteria

The algorithm of the inference engine compares the diagnostic
criteria and symptoms between 14 different conditions and
providesfitness scoresfor each condition. The program suggests
the condition with the highest score as the principal diagnosis
and provides as diagnostic aternatives the second and third
possibilities if their scores exceed a probability of 0.5. Out of
the 740 cases, the program accepted 706 as Méniére's disease
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and 19 cases were rejected. In all cases, however, Méniére's
disease was the most likely diagnosis. The rejection was done
on the basis of the score S(d) mentioned above. If the score S(d)
was more than 0.43, the person was alowed to attend the
program. In Table 2, variables are presented where the
differences in mean values were statistically significant in
variance analysis at arisk level of P<.001 between the groups,
where S(d) was either less than or over 0.43. A histogram of
S(d) scoresis presented in Figure 3.
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Table 2. Statistically different variables in candidates excluded and included in the computerized peer-support program. (Note: The values belong to
theinterval [0 x], where 0 means no problem and x means significant problems. Depending on the question, x can have values from 3t0 5.)

Variable Mean Sd)<0.43, excluded Mean §(d)>0.43, included
Age y 72 62

Frequency of vertigo 0.57 1.96

Duration of vertigo attacks 0.90 2.85

Severity of vertigo 1.0 3.46

Vomiting 043 222

Balance 222 131

Severity of unsteadiness 167 1.04

Moving ability 1.10 0.48

Raising up from a chair 0.90 0.46

Figure 3. Histogram of program criteria values S(d).
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Entry Criteria Based On Quality of Life and I mpact of
the Disease

In order to enter the peer-support program, the condition should
have animpact on the person. In the quality of life measurement,
if the visual analogue scale (VAS) score is 95% or less, the
person can access the peer-support program. With VAS scores
greater than 95%, the person would not benefit from the
intervention but will still be able to access the information
package. With the data from the pilot group, all candidates had
Méniére'sdisease but their S(d) scores varied between 0.15 and
0.92 while the maximum value was 1. The higher the score, the
better the match to Méniére's disease. However, low S(d) values
might indicate that the person can benefit more from another
form of rehabilitation. For instance, a personally tailored and
conducted physical training regime could be an appropriate
choice. Candidates with an §(d) value that's less than 0.43 are
older and their vertigo characteristics are less severe than those
with an §(d) that's more than 0.43. The reasoning for a certain
threshold is difficult, but in this work we determined the
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threshold value statistically. By using two standard deviations
wecut theleft “tail” of thelow-end distribution (Figure 3). This
excludes 2.6% of candidates from the peer-support program.
On the basis of Table 2, these candidates are also seen to have
less severe symptoms than the others.

Results

Overview

Based on these criteria, 26 of the 740 cases were excluded from
the program. The impact of Méniére's disease was evaluated
by the question: “How much doesyour Méniére's disease affect
your life?” With 28 participants, there was no impact and they
were thus rejected from the program.

On the basis of AAO-HNS and ONE-program criterion, 12
candidates were the same. However, when comparing the
rejected cases based on ONE-program and EQ-5D, only 1 person
was same in both reection criteria. ONE-program and
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disease-specific impact shared 18 candidates with matching
rejection criteria.

All of the rejected candidates were provided with access to
person-to-person peer support and given aprovider’s name and
contact details. Table 1 summarizes the entry criteria and
number of subjects. When aperson is accepted into the program,
the human gatekeeper provides access codes by email and the
person can start the intervention. The age, vertigo, and balance
problem variables of the candidates not accepted to the program
and of those who were are shown in Table 2.

Computer Interfacein the Questionnaires

In the program, the person is asked to select the severity of his
or her activity limitations and participation restrictions.
Subsequently they are asked to rate these in such away that the
most severe comes first. The peer-support program then deals
with thisindividual rating of their most problematic limitations
and restrictions.

Rasku et al

Positive Aspects

An important aspect of the program is to introduce a positive
attitude toward disablement. Positive aspects will improve the
participant’s quality of life [17] and may help the person to
movetheir attention to coping strategies[39]. The peer-support
program contains 26 examples of possible positive aspects of
the disease, which are based on data collected from 560 people
belonging to the FMF who were asked to score each positive
aspect on a 4-point scale and then rate them in such way that
the most important positive aspect came first.

Feedback on Symptoms When Compared to Average
Méniére's Disease

To demonstrate the severity of the person’s symptoms compared
to other cases, the program provides information on the
individual's severity of the symptoms in comparison to the
average of repliesfrom all participants. These are presented in
asimilar manner asthe quality of life aspects depicted in Figure
4.

Figure 4. The genera health-related quality of life and the disease-specific impact of Méniere's disease compared with 50 matched cases.
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Profiling the Person Based on Their Symptoms

The individua profiling based on symptoms was carried out
with algorithms using the nearest neighbor classification. This
looks for the 50 most similar cases based on symptoms and
complaints. The similarity measure is the Euclidean distance
between the person profile vectors. In this algorithm, the
distance between identical symptom profiles is zero. In order
to prevent any component of the profile vector from dominating
the distance calculation, all components are divided by their
respective maximum values. In order to determine the role of
personal trait and attitude, further profiling was used. Both of
these individual profiles were related to the General Health
Related Quality of Life generic health measure criteria EQ-5D.

In order to have a reasonable number of profiles, participants
were profiled on the basis of cardinal symptoms. A person

profile is presented in a vector x:[xl,...,xlo]T where the
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individual components from the beginning to the end were age,
severity of vertigo, intensity of vertigo, frequency of vertigo,
severity of walking difficulties, difficulty to attend a
conversation, severity of hearing loss, severity of tinnitus,
severity of hyperacusis, and severity of the feeling of pressure.

The person profile informs the impact of the condition when
related with their persona performance. This information
providesfeedback on the personal reaction toward the disorder.
It informs how personal attitudes, moods, and personality traits
modify the suffering from the disorder, and how the person
relates him/herself to the context of theillness. Any difference
observed will aid the person to realize the difference between
problems with their complaints and their consequencesin life.
In Figure 4, the symptom profile of a patient and the reference
group is similar, but the quality of life varies.
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The attitude toward the disease is evaluated by displaying the
anxiety and SOC scores, and by comparing the scores from 50
reference cases in a converted Likert scale. According to
Stephenset al [40], anxiety was animportant factor in explaining
areduced quality of life. This data can be used in the program
to analyze the need of attitude change and to instruct the person
to develop a positive attitude.

Discussion

Principal Findings

The current paper presents information about the devel opment
of an intelligent computer-based peer-support system that is
capabl e of assessing Méniére'sdisease and profiling the impact
of the condition. Disease profiling is an important step in
management planning and thisinformation isuseful intailoring
rehabilitation to meet the needs of a specific individual. Apart
from 1 tinnitus program [15], to our knowledge there are no
other peer-support programs that deal with inner-ear functions
and related difficulties. The novelty of a computerized
peer-support program for Méniére's disease is that it uses
artificial intelligence to assess the person’s complaints, profile
the disease, and define the individual impact of the condition.
The program is constructed to allow the person to focus on the
individual impairments and compares these with 50 cases with
similar complaint profiles. In the further development of the
program, the participants will work interactively with their
restrictions and empower themselvesto adjust to the restrictions.
The program is based on real data retrieved from people with
Méniére'sdisease. During devel opment of the program, several
di sease-specific aspects have been documented [39,41-44]. The
validation of the program will be presented in our upcoming
publications.

Comparison With Prior and Other Work

Focus on Anxiety and Personal Trait

Several investigations have evaluated the psychol ogical aspects
of Méniére's disease [40,45-48]. In generd, the authors have
focused on mood, anxiety, and personality traits. Siderman et
al haveindicated that personality traits measured with sense of
coherence scale correlated with disability in Méniére's disease
[45]. Hagnebo et al evaluated the psychological correlates of
vertigo attacks and studied 514 subjects diagnosed with
the condition [47]. Principal component analyses showed that
the somatic sensation scale could be divided into 2 subscales:
(1) dizziness, vertigo, and anxiety, and (2) sensationsin the ear.
The psychological state scale showed an energy/awareness
factor and a negative emotional state factor. The situation
characteristics scale showed 2 factors: (1) environmental
disturbances and (2) stressful conditions. Thusthey considered
fatigue as apsychological component of the disability, whereas
anxiety was seen as a somatic component. Vitality is a key
component in several indices measuring quality of life (eg, 15D,
SF-36), aswell as in the perception of “wellness’ [49].

Levo et al reported that among subjectswith Meniere's disease,
about 70% of the subjects felt fatigued and in 30% this fatigue
was moderate to strong [50]. Fatigue was associated with a
reduction in general health-related quality of life and also
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associated with vertigo attacks, balance problems, and hearing
loss. The authors concluded that among conseguential factors,
mobility and anxiety were the strongest consequences of reduced
vitality. Among predisposing factors, a sense of coherence and
attitude were significant predictors. Further analysis based on
participation restrictions indicated that isolation is a severe
consequence of areduction of vitality. Based on the observations
of Levo et al, we made an effort in this peer-support program
to bring both fatigue and anxiety into the participants avareness
and by working with the computer program to interactively
guide participants to more positively change their attitude to
regain social activity [50]. In chronic persistent diseases such
as Méniere's diseasg, it has been suggested that the evaluation
and appraisal of stressors and their subsequent management
will improve coping with the disease [51]. In chronic Méniére's
disease, reduced vitality isacommon complaint and, especially
in its severe form, it should be recognized and included in any
therapeutic procedures that are undertaken.

Méniere's disease is a chronic, progressive disorder that is
defined and diagnosed based on the patient’s clinical symptoms.
However, previous studies have shown no consistent temporal
pattern between the perceived levels of stress and any of the
core symptoms of the disease[52]. In Méniere' sdisease, patients
without significant vertigo spells or incidents of psychological
signs such as depression and anxiety associated with the
dizziness handicap are comparable to that of a control group.
In addition, individual differences emerge and the time
resolution for analyzing the association of stress and the
psychological aspects associated with the Méniére's disease
may require relatively long-term observation. However, the
reciprocal connection between psychological factors and
complaint behavior in Méniére's disease is difficult to resolve
[46,53], as among people with Méniére's disease, personality
trait and anxiety were interrelated [50]. Van Cruissen et a
indicated that the psychological profile of Méniére's disease
patients seems comparable to patients with other chronic
conditions[53]. Intheir study, Kirby and Yardley indicated that
their Méniere's disease group reported more depression and
“health anxiety” than the healthy control group, and that
“health anxiety” was associated with anxiety and depression
[46]. After controlling for the severity of the symptoms, anxiety
was associated with several illness perception subscales,
including  emotional  representations,  consequences,
psychological causes, and thetolerance of uncertainty. Contrary
to this, however, Brantberg and Baloh considered fatigue to be
a trigger for Méniéere's disease [54]. In line with Kirby and
Yardley [46] and Levo et a [50], in the computerized
peer-support program we consider that the reduction in vitality
is a consequence of the condition (in this case vestibular
dysfunction) rather than a causative factor. Personality trait has
been al so been regarded as a modifying factor for the condition
[50]. Moreover, the relatively minor role of personality trait in
quality of life and disease-specific impact has been previously
documented [40,45,46].

An optimistic view of the future results in better adjustment
outcomes, since optimists tend to continue with their adaptive
coping efforts when confronted by adversity [55]. In Méniéere's
disease, we observed that a positive attitude improves coping
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with the condition and improves quality of life[17,19]. It is of
note that the subjects did not identify any wishful thinking (ie,
amiracleimprovement) or escape-avoidance coping (ie, trying
to forget the disease) that have been otherwise regarded as strong
predictors for mal-adjustmentsin neurological disease [51]. A
positive attitude has been associated with lower depression, less
anxiety [56], and better physical and socia adjustment [57,58].
By bringing up positive aspects in the peer-support program,
we am to improve coping. However, before launching the
program to awider market, the validity and user satisfaction of
the program must be certified. For validation we are using
changes in the quality of life instrument [21] and in the
post-traumatic growth inventory [24].

Computer-Based Peer-Support Programs

Several computerized peer-support programs have been recently
launched on the Internet. For instance, programs on diabetes
care [59], coping with bulimia [60], bipolar mood disorders,
anxiety (eg, Beat the Blues, Cope) [61], phobias and panic (eg,
FearFighter) [62], obsessive-compulsivedisorder (eg, BT Steps)
[61], and tinnitus [15] are now present.

All of these programs use questionnaires and provide
instructions to stimulate behavioral changes in order to cope
better with the featured condition. The effectiveness of Beat the
Blues, Cope, FearFighter, and BT Steps have been considered
from a cost/benefit point of view [61]. Computerized treatment
can yield savings and provide benefits for patients that are
comparable to the therapy provided by physicians[15,61]. The
effect of the tinnitus peer-support program for the person was
found to be as effective as that of a personal support program
[62].

By definition, the expert system is a set of programs that
manipulates encoded best knowledge to solve a problem in a
specialized domain that normally requires human expertise
[35,63]. The program is adaptive and learns during use (ie, a
new person’s data updates the database). The solutions to
problems will converge to the best possible solutions available
during the course of the program. If information is not
appropriate for the condition, it will not be included in the
alternative diagnostic choice.

A symptom-based classification method is recommended by
AAO-HNS [64] to make the diagnosis, and this has been used
in the present study. Indeed, in a taxonomic investigation of
patients with vertigo, after the exclusion of neurological and
middle-ear conditions, head trauma, and ototoxicity, Hinchcliffe
hasfound that thosewith “ classical” Méniére'sdisease (ie, those
meeting the “probable” definition based on the AAO-HNS
definition) fell into a single nosological entity with all other
cases of vertigo [65]. He later argued that Méniere's disease
included “formes frustes,” where the triad of symptomsis not
complete[65]. The AAO-HNS has proposed the currently used
classification. It defines*“ possible Méniére' sdisease,” “ probable
Méniere's disease,” and “definite Méniére's disease.” “Certain
Méniére's disease” is diagnosed by the symptom entity and
histological verification of endolymphatic hydropsin theinner
ear. To define the condition clinically, however, the existing
AAO-HNS classification is unhelpful [65]. In a recent study,
Pyykko et al used MRI to diagnose endolymphatic hydrops and
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found that all patients with definite Méniére's disease had
endolymphatic hydrops[66]. Patients with probable Méniére's
disease had endolymphatic hydropsin 95% of cases. Thus, the
current criteriafor inclusion of peoplewith definite and probable
Méniere's disease into the program seems to be quite accurate,
although some cases may be erroneoudy classified. Inaprevious
study we compared the accuracy of the inference engine and
different vertiginous disease diagnoses made by human experts
[67]. With the same set of data, the current inference engine
correctly diagnosed 65% of the cases, while younger physicians
succeeded in 54% and the experienced physician in 65% of the
cases [67].

Program Design

User Interface

The selected user interface solutions follow theideas presented
in the work of Hawthorn [68]. Hawthorn stated that most
difficultiesin the use of acomputer originate from adegradation
of vision, cognitive ability, and motor control. In our program,
the automatic data saving removes the burden from short-term
memory, and stationary screensare easy to follow and minimize
the need for scrolling, which helps users who may have
problems with their motor control.

One major problem is how to construct simple and clear
sentences for the questions. In addition, a certain amount of
guidance is needed in problematic situations. The program
contains help topics and best practices drawn from other
participants. If amouse remains stationary on the questionnaires,
a short tooltip shows additional help. This help is available
either asashort text or asan example form that shows what the
user should do next. The help information docks on the
particular page and does not branch the program flow. This
prevents the user getting lost in the program. The task in
guestion is always visible on the screen.

Individual Learning

The questionnaires in the program also contain open-ended
guestions and fields for the person’s replies. These replies are
stored in the database. The open-ended questions are ultimately
used in providing useful self-help items and coping strategies
[39,42]. After completing each questionnaire, the person is
informed how he/she compareswith other persons. The purpose
of feedback is 3-fold: (1) it tells the user where he/she stands
with their problems when compared to other participants [18];
(2) it enables the progress of the program [35]; and (3) it
reinforces learning and motivation [69]. In some self-help
programs [15,62], the commitment of users appears to present
aproblem.

A usua method to reinforce learning is to use forced-choice
tasks. By focusing on 3 major problems and ranking them, the
program hel psthe person to focus and identify the major impacts
of the disease on his/her life [41,44]. In this decision-making
process, the person ranks the impacts and tries to maximize the
beneficial outcomes. In the program, these actions are
continuously revised by the application of strategies|eading to
improvement [70]. This type of reinforcement learning leads
parsimoniously to improvement asindicated by behavioral and
neurophysiological studies in humans [69]. In addition to
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problems classified based on | CF, the program al so uses positive
experiences to reinforce attitude and persona trait [17,71].
Neurophysiological theoriesindicatethat by reinforcing positive
experiences, new synapses are established and the synaptic
efficacy is improved. This has a stabilizing effect on the
organism, either viaimproved neural transmission or viatargeted
synaptic triads[72]. Thus, the use of positive aspectswill break
down negative reinforcement and allow the nervous system to
recover and learn new rules. In this manner, positive aspects
work as rewards and allow internal evaluations of covert motor
actions without defining them as behaviors[73].

Most often, expert teams build these programs without
establishing any solid data collection from individuas. Our
computerized peer-support program for Méniére's disease offers
adifference, inthat it uses an inference engine based on pattern
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recognition to reveal the accuracy of the diagnosis. It aso
profilesindividual cases with a nearest neighbor classification
algorithm and provides peer-support based on rea-person
oriented data.

Conclusions

We have devel oped a computerized peer-support program that
can verify and assess the diagnosis of Méniére's disease by
using a pattern recognition method. The program can function
even with partial data. The database is continuously utilized
and updated by the program, and uses a knowledge engine to
offer solutions to a person’s problems. Such a system can be
very hel pful when assessing and diagnosing chronic conditions
that are diagnosed based on symptoms, rather than detailed
clinical investigations.
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PTGI-SF: short form of the post-traumatic growth inventory

SF-36: Short Form Health Survey

SOC: sense of coherence

VAS: visual analogue scale
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