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Abstract

Background: Resource-rich countries are facing the challenge of aging societies, a high risk of dependence, and a high cost of
care. Researchers attempted to address these issues by using cost-efficient, innovative technology to promote healthy aging and
regain functionality. After an injury, efficient rehabilitation is crucial to promote returning home and prevent institutionalization.
However, there is often a lack of motivation to carry out physical therapies. Consequently, there is a growing interest in testing
new approaches like gamified physical rehabilitation to achieve functional targets and prevent rehospitalization.

Objective: The purpose of this study is to assess the effectiveness of a personal mobility device compared with standard care
in the rehabilitation treatment of patients with muscul oskeletal issues.

Methods: A total of 57 patients aged 67-95 years were randomly assigned to the intervention group (n=35) using the gamified
rehabilitation equipment 3 times a week or to the control group (n=22) receiving usual standard care. Due to dropout, only 41
patients were included in the postintervention analysis. Outcome measures included the short physical performance battery
(SPPB), isometric hand grip strength (IHGS), functional independence measure (FIM), and the number of steps.

Results: A noninferiority related to the primary outcome (SPPB) was identified during the hospital stay, and no significant
differences were found between the control and intervention groups for any of the secondary outcomes (IHGS, FIM, or steps),
which demonstrates the potential of the serious game-based intervention to be as effective as the standard physical rehabilitation
at the hospital. The analysis by mixed-effects regression on SPPB showed a groupxtime interaction (SPPB_|_t1=-0.77, 95% ClI
—2.03t0 0.50, P=.23; SPPB | t2=0.21, 95% CI —1.07 to 0.48, P=.75). Although not significant, a positive IHGS improvement
of morethan 2 kg (Right: 2.52 kg, 95% CI —0.72t0 5.37, P=.13; Left: 2.43 kg, 95% CI —0.18 to 4.23, P=.07) for the patient from
the intervention group was observed.

Conclusions:  Serious game-based rehabilitation could potentially be an effective alternative for older patients to regain their
functional capacities.

Trial Registration: Clinical Trials.gov NCT03847454; https.//clinicaltrials.gov/ct2/show/NCT03847454

(JMIR Rehabil Assist Technol 2023;10:€39543) doi: 10.2196/39543
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Introduction

Randriambelonoro et al

Methods

A globally growing geriatric population emphasizes the
importance of providing ahealthy aging environment [1]. Rather
than the absence of disease, “healthy aging” is defined as a
process that enables older people to continue to perform
activities of daily living and maintain social contact [2-4].
However, as people age, the prevalence of chronic conditions
increases. Due to their polymorbidity, older adults are
hospitalized longer and more frequently than younger ones,
increasing their risk of functional decline [5]. Therefore, after
an acute health problem, arehabilitation phaseis often required
to regain functionality before returning home.

Musculoskeletal disorders are one of the main reasons for
geriatric hospitalization in Switzerland [6], affecting joints,
bones, and muscles. During their hospital stay, patients with
muscul oskeletal issues follow rehabilitation therapy to regain
physical function and the capacity to perform daily tasks such
asstanding, walking, climbing stairs, or bathing independently.
Functionality at discharge is inversely proportional to the risk
of rehospitalization [7]. After functional recovery, the
hospital-to-home transition is increasingly recognized as a
critical period, notably to prevent further functional declineand
rehospitalizations [8]. Regular physical activity remains the
central point to influence these 2 outcomes, but it needs
motivation to be maintained over time [9-11].

Researchers have extensively studied the use of computer-ai ded
physical rehabilitation to promote physical activity. Taylor et
a [12] performed a meta-analysis to systematically evaluate
whether active video games could improve measures of physical
performance in older adults and found positive results related
to the improvement of mobility and balance. Idris et al [13]
devel oped specific game scenarios, eval uated them with apanel
of patients with musculoskeletal issues, and showed the
usefulness of the guidelines and associated games. Serious
games coupled with monitoring devices such as Kinect [14]
have shown the potential to positively impact patients
motivation to perform rehabilitation exercises[13,15]. The use
of a gamified rehabilitation system in addition to or instead of
standard physical rehabilitation will have severa potential
advantages for the health system, the health professionals, and
the patients, such aslower hospital costs, shorter hospital stays,
and better access to care.

However, whether such devices would be as effective as
standard care rehabilitation in the hospital in engaging older
adults to remain active after dischargeis still understudied.

The objective of the trial was to compare the effectiveness of a
gamified rehabilitation device with the standard of careto help
older adult patients regain their functional capacities and
maintain them 3 weeks after discharge. We already demonstrated
that such an approach improved motivation for therapiesin a
qualitative paper based on the same study, where the focus was
more on acceptance, motivation, and engagement [16]. Our
hypothesisisthat patients in the intervention group will regain
independence as much as those in the control group in terms of
strength, speed, and balance and that their abilities will be
maintained over time.

https://rehab.jmir.org/2023/1/€39543

Participants

The study took place at 2 different sites in Switzerland: Loéx
Hospital, a 104-bed geriatric post-acute rehabilitation hospital,
and Joli-Mont, a60-bed geriatric rehabilitation clinic. Both are
part of the Geneva University Hospitals, where the participants
recruitment took place.

Theédligibility criteriawere stipul ated asfollows: patients (aged
65 years and older) hospitalized in one of the 2 study siteswith
musculoskeletal issues (pelvic or lower limb fractures, hip
prostheses, fals, and low back pain), able to stand upright, and
capable of understanding theinstructions. Being abletointeract
with the equipment without any sensory, physical, or mental
limitations was necessary. Patients considered too weak to
interact with the device or planning to go to a nursing home
were excluded. Dueto alimitation associated with the device's
size, patients with obesity were not eligible.

Study Design

The study is a 2-arm multicenter noninferiority randomized
clinica trial examining the effectiveness of gamified
rehabilitation equipment to improve older adults’ functional
capacities.

The hospital’s electronic medical records of all newly
hospitalized patients were accessed (from February to June
2019) to identify potential participants. All patients fulfilling
the eligibility criteria were approached by the researchers. If
the patient agreed to participate, researchers asked the patient
to sign an informed consent form. Participants were then
allocated randomly to one of the 2 arms of the trial. The
randomization was based on a single allocation ratio, with no
block and no stratification. Due to the type of intervention, the
allocation was not masked to the participantsin theintervention
and control groups or to the researchers who recruited the
participants.

Materials

ActivLife (Figure 1) is a multifunctional rehabilitation
equipment system with different functionalities such as physical
activation, rehabilitation, mobility, bed assistance (eg, transfer),
and mental stimulation. The equipment is coupled with aserious
game platform called Vast.Rehab, which allows the patients to
complete their exercises (lower limbs, upper limbs, or both)
while playing games. In addition to the game components,
ActivLife is composed of an efficient trunk stabilization that
reassures the patients while engaging in different movements
such as “cleaning the window,” “guiding an ambulance,” or
“flying adragon” [17]. Figure 2 illustrates an example of agame
(the “Stairs* game). The games and instructions are displayed
on a screen in front of the patient, who is secured in the
ActivLife mechanical platform. The screen has aKinect sensor
that allows the software to determine if the patient is doing the
exercise correctly. The software allows the physiotherapist to
program and schedule a specific treatment (a series of games)
for each patient. Based on the patient’s ability and progress, the
physiotherapist can easily adjust the type of movement (Figure
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3) to control the game as well as the level of difficulty (by
defining the required range of motion for each movement).

The game called “ Stairs’ is about the creature jumping on the
stairsone at atime. To make the creature jump, the patient needs
to do a sit-up. The range of movement can be adjusted to the
capabilities of the patient.

Stepwatch (Figure4) [18] isasmall (75 mm x 48 mm x 14 mm)
and light (41 g) tri-axial accelerometer that can measure the
activity of the patient in terms of the number of steps, activity

Figurel. ActivLife.

Randriambelonoro et al

(low, medium, and high), cadence, and velocity. It has a
sampling frequency of 200 Hz, and data can be available in
1-second epochs. The wearable does not display any information
and can be worn on the ankle using a Velcro strap. The
Stepwatch can capture small changesin step rate (99% accuracy
[19,20]), thus it can be used to assess changes in physical
activity in individuals who walk slowly or use a walking aid
such as arollator. Furthermore, it allows local data collection,
which ensures patient privacy.

Figure 2. Patient’sinterface for “Stairs’ game.

Climb the stairs before they disappear

Figure 3. Physiotherapist’s interface—control mode selection.
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Figure 4. Stepwatch.

Randriambelonoro et al

Procedure

For 3 weeks, both intervention and control groups participated
in 30-minutetraining sessions 5 times aweek. Theintervention
group used ActivLife 3 times a week during these sessions,
whilethe control group had all their sessions consist of standard
physical therapy sessions. During their hospital stay, the
rehabilitation was performed under the supervision of 2
physiotherapists (one at each site). The games played by the
patientsin the intervention group were selected and defined by
the physiotherapist based on the patient’s treatment needs and

Figure5. Research procedure.
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Primary and Secondary Outcomes

Used as a primary outcome, the short physical performance
battery (SPPB) isan objectivetool for ng lower extremity
functioning in older people[21]. Thistest isassociated with the
risk of falls, therisk of functional decline, and the risk of death
[22-24]. The test consists of 3 parts: balance tests, gait speed
tests, and chair stand tests. The SPPB test is based on a point
system, with a maximal score of 12 points, meaning an ability
to function independently.

As secondary outcomes, we measured:

https://rehab.jmir.org/2023/1/€39543
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At the end of Ihospitalization

abilities. If the patient needed to do an upper limb exercise (eg,
moving the right hand up and down, making a45-degree angle),
the physiotherapist was able to choose this movement to control
the game. The patients could then play a series of gamesdefined
by the physiotherapist during their hospital stay. After discharge
(week 3), the patients were assessed at home by the
physiotherapist at week 6 (Figure 5). Depending on their state
at discharge, some of the patients were recommended to
continue physiotherapy at home. All participantsin both groups
wore the Stepwatch sensor during the 6 weeks.
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1. Isometric hand grip strength (IHGS) is a simple and
cost-effective method for evaluating overall muscle strength
[25]. It is associated with cardiovascular mortality andisa
main determinant of sarcopenia (a condition characterized
by progressive and generalized | oss of skeletal muscle mass
and strength) [26,27]. The participant is asked to hold the
dynamometer in the hand to be tested, with the arm at a
right angle and the elbow next to the body. He or she is
asked to tighten the dynamometer with maximum isometric
effort, which is maintained for about 5 seconds. The score
is expressed in kilograms.
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2. Functional independence measure (FIM), as a basic
indicator of the degree of functionality. This score is
associated with the risk of rehospitalization [28]. It is
composed of 18 different items scored from 1 (complete
assistance required) to 7 (complete independence). The
FIM is used to assess functionality in 6 areas, including
self-care, continence, mobility, transfers, communication,
and social cognition [29]. The FIM is based on a point
system, with amaximum of 126 points, meaning an ability
to function independently.

3. The number of daily steps, assessed by Stepwatch. Patient
data were collected at 3 different times: at baseline (t0),
after the intervention (t1—end of hospitalization), and 3
weeks after returning home (t2). The SPPB test and the
IHGS test were conducted at timest0, t1, and t2. FIM was
evaluated at times t0 and t1. Baseline data included age,
gender, the Cumulative IlIness Rating Score, and the Mini
Mental State Evaluation [30,31].

Statistics

The study is a noninferiority trial to test if the gamified

rehabilitation concept is at least as effective as standard care

with respect to the main outcome measured by SPPB. With a

power calculation of 95%, a mean (SD) of 8.8 (1.2), and a

noninferiority limit of 0.4, the total sample size needed was 38.

Adjusting for a dropout rate of 20%, the sample size needed

wasincreased to 46 patientsin total, 23 in each group. To recruit

this number of patients, a 6-month inclusion period was
anticipated.

The characteristics of subjects are presented as mean (SD) for
continuous variables. The normality of the distribution of

Figure 6. Patientsflow diagram.

Randriambelonoro et al

continuous variables was verified with Shapiro-Wilkstests. We
used a2-samplet test and Fisher exact test to compare baseline
data. Mixed-effects multiplelinear regression model swere used
to assess the group and time effects and their interaction on the
outcome whiletaking into account the repeated measure design
and adjusting for the presence of a physiotherapist at home and
other variables such asthe number of sessions, age, and gender.
The difference-value was considered significant when P<.05.
Statistical analyseswere performed with STATA (version 16.0;
StataCorp).

Ethics Approval and Trial Registration

The study has been approved by the Commission Cantonale
d'Ethique de la Recherche (CCER) (number 2018-01516). The
trial has been registered in the register ClinicalTrials.gov
(NCT03847454).

Results

Patients Flow Diagram

The patients flow diagram is described in Figure 6. A total of
223 patients were screened for eligibility. Of these, 166 were
excluded from the study (119 refused to participate, 30 were
leaving the hospital shortly, 8 had pain issues, 4 had cognitive
issues, 3 had vision issues, and 2 were going to a care home).
A total of 57 patients underwent randomization to be allocated
to the intervention group (n=35) and the control group (n=22)
and were included in the main analysis. During the follow-up
phase, 10 patients dropped out from the intervention group and
6 patients from the control group.

223 patients were assessed for eligibility

166 patients were excluded
119 refused to participate

8 had pain issues
4 had cognitive issues
3 had vision issues

30 were leaving the hospital soon

2 were going to a home care

57 underwent randomization

I

35 were assigned Lo the gamilied
rehabilitation 3 times a week

—+ 3 had been found to be not eligible

32 patients in the intervention group

7 dropped out
3 wanted to stop

" 3 were transferred to anather hospital
1 died

| 25 finished the study

Basaline Data

The mean age of thetotal participants was 81.5 (SD 6.8) years,
with 68.4% (39/57) female participants. The length of stay at

https://rehab.jmir.org/2023/1/€39543

|

22 were assigned to the standard
rehabilitation

22 patients in the control group

6 dropped out
4 wanted to stop
1 left the hospital earlier
1 was transferred to another hospital

16 finished the study

the hospital was 23.0 (SD 11.6) days on average. The
Cumulative Illness Rating Score scored 14.3 (SD 6.4) on
average. The Mini-Mental State Evaluation showed a mean
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value of 23.4 (SD 5.1). The SPPB showed a mean of 6.36 (SD
2.8) a baseline. FIM at admission was 97.4 (SD 16.1) on
average. The IHGS scored 20.7 (SD 9.3) kg on average on the
right hand and 21.0 (SD 8.6) kg on average on the left hand.

Table 1. Patients baseline data (For the FIM2 CIRS?, MMSES, SPPBY, IHGS®, and steps, higher is better).

Randriambelonoro et al

The mean number of steps was 1402 (SD 1162) steps.
Participants data at baseline are described in Table 1.
Comparisons of the groups at baseline showed no evidence of
differences between the groups in any of the measures.

Total (n=57)  Intervention group (n=35) Control group (n=22) t test (df) P value
Age (years), mean (SD) 81.5 (6.8) 82.2(7.0) 81.5(6.8) 0.37 (55) 71
Female gender, n (%) 39 (68.42) 24 (68.57) 15 (68.18) 0.48(55) .63
Length of stay (days), mean (SD) 23.0(11.6) 225(11.1) 23.8(12.7) -0.40(55) .68
FIM (score), mean (SD) 97.4(161)  98.7(15.2) 95.3 (17.6) 0.77(55) 44
CIRS (score), mean (SD) 14.3 (6.4) 14.4 (5.7) 14.1 (7.5) 017(55) .86
MM SE (score), mean (SD) 23.4(5.1) 23.6(6.1) 23.1(3.7) 0.35(55) .73
SPPB (score), mean (SD) 6.36(2.78)  6.23(2.80) 6.58 (2.83) -046(55) .65
IHGS right (score), mean (SD) 20.66(9.3)  19.56(8.67) 21.77 (9.93) -0.88(55) .38
IHGS l€ft (score), mean (SD) 21 (8.57) 19.71 (8.60) 22.29 (8.54) -1.11(55) .27
Steps (score), mean (SD) 1402 (1162) 1359 (1047) 1468 (1319) -0.36(55) .73
Physiotherapy at home, n (%) 30 (52.63) 17 (48.57) 13 (59.09) 0.28 (55) .78

8FIM: functional independence measure.
bCIRS: Cumulative Ilness Rating Score.
°MMSE: Mini-Mental State Evaluation.
dSpPB: short physical performance battery.
®IHGS: isometric hand grip strength.

Outcomes

Overview

Figure 7 and Table 2 summarize the outcomes. The analysis by
mixed-effects regression on the primary outcome (SPPB)
showed a group time interaction (SPPB_|_t1=-0.77, 95% CI
—2.031t0 0.50, P=.23; SPPB_|_t2=0.21, 95% Cl —1.07 to 0.48,

https://rehab.jmir.org/2023/1/€39543

RenderX

P=.75) during hospitalization and at home. Due to our small
sample size, the wide Cls made our results inconclusive for
most of the defined outcomes. However, athough not

significant, the groupxtime interaction between t0 and tl1
(SPPB_I_t1=-0.77, 95% Cl —2.03 to 0.50, P=.23) was <0.4
(noninferiority margin). Additionally, no significant differences
in any of the secondary outcomes (IHGS, FIM, or steps) were
found between the control and the intervention groups.
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Figure 7. Outcomes: SPPB, IHGS—right hand, FIM, and steps. FIM: functional independence measure; IHGS: isometric hand grip strength; SPPB:

short physical performance battery.

Randriambelonoro et al
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Table 2. Results of mixed-effects regressions.

Outcomevariahle  gppg@ IHGS? (right) IHGS (left) FIM® Number of steps
Coefficient Pvalue Coefficient Pvaue Coefficient Pvalue Coefficient Pvaue Coefficient P value
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Age -0.10(-0.21 .07 -0.30(-0.56 .02 -0.23(-0.53 .12 -0.62(-15 .02 -52(-88to .004
t0 0.01) to—0.04) to 0.06) t0-0.10) -16)

Gender(male) 1.37(-0.19 .09 1222 (862 .30 12.78 (848 .60 0.86(-6.64 .82 513 (27to .06
t02.93) to 15.83) to 17.09) t0 8.36) 1053)

Hospital 054(-1.22 55 6.44(-0.10 .05 5.80(-0.17 .06 N/Ad N/A —692 (-1205 .008
t02.30) to 12.97) to 11.78) to—178)

Interventiongroup  —0.65(-3.12 .61 -2.62(-8.31 .37 -0.23(-8.63 .24 447(4.07 31 23(-664t0 .95
to 1.83) to0 3.08) t0 2.16) t0 13.0) 711)

Timel 1.79(0.81to <.001 1.22(-0.84 .25 124(-031 .12 10.82(3.40 .004 N/A N/A
2.78) t0 3.28) t0 2.80) t0 18.23)

Time 2 1.60(0.62to .001 -0.12(-2.62 .92 033(-140 71 N/A N/A 740 (5to .048
2.59) to 2.37) to 2.05) 1474)

Interaction time 1 -0.77(-2.03 .23 -0.21(-2.81 .88 -0.40(-2.39 .69 -5.26 .28 N/A N/A
to 0.50) t02.39) to 1.58) (-14.85t0

4.32)

Interaction time 2 0.21(-1.07 .75 2.33(-0.72 14 203(-0.18 .07 N/A N/A 505 (—448, 30
to 1.48) t05.37) t04.23) 1458)

Physio at home 243(0.55t0 .01 250 (-4.27 47 0.94 (-5.51 78 N/A N/A N/A N/A
4.31) t09.27) to 7.40)

Number of sessions  0.17 (-0.12 25 N/A N/A N/A N/A N/A N/A N/A N/A
to0 0.46)

8SPPB: short physical performance battery.
BIHGS: isometric hand grip strength.
®FIM: functional independence measure.

dNJ/A: not available.
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Primary Outcome

Regarding SPPB, there was a main effect of time
(SPPB_t1=1.79, 95% CI 0.81-2.78, P<.001; SPPB_t2=1.60,
95% Cl 0.62-2.59, P=.001) reflecting the overall improvement
in SPPB score acrossthe 3 measurement points. The main effect
of having physiotherapy at home (SPPB=2.43, 95% CI
0.55-4.31, P=.011) indicated that remaining active at home has
a positive effect on the SPPB score. Although not significant
(SPPB_nb_of sessions=0.17, 95% Cl —0.12 to 0.46, P=.248),
the effect of the number of sessions on the machine tended to
be positive. A main effect of gender was aso observed
(SPPB=1.37, 95% CI —-0.19t0 2.93, P=.09) indicating that male
patients are more active.

Secondary Outcomes

We observed an improvement of more than 2 kg (Right: 2.33
kg, P=.13; Left: 2.03 kg, P=.07) of IHGS in the intervention
group. For the FIM, there was also a main effect of time
(FIM_t1=10.8, P=.004), reflecting the overall improvement in
the FIM score between the 2 measurement points. The mean
number of steps (Steps 1=1839; Steps C=1504) showed that
participants in the intervention were somewhat more active at
the hospital compared to the control group. However, at home,
we failed to observe the same results (Steps 1=2463;
Steps C=3008), while there was a main effect of the site
(Steps_hospital=—692, P=.008; Steps home=740, P=.048)
reflecting an improvement in the number of stepswhilereturning
home.

Discussion

Principal Findings

We evaluated the effectiveness of ActivLife, a gamified
rehabilitation equipment, for improving functional capacities
among older adultswith muscul oskel etal issuesand maintaining
them over time. A noninferiority related to the primary outcome
(SPPB) was identified during the hospital stay (although it was
not significant), and no significant differences were found
between the control and intervention groups for any of the
secondary outcomes (IHGS, FIM, or steps). These results show
the potentia of the serious game-based intervention to be as
effective as the standard rehabilitation at the hospital.

Comparison to Prior Work

The potential of serious games to improve overall health and
specific disease management in older adults has been explored
intensively. Parkinson disease [32-34] and stroke rehabilitation
[35-37] have been topics of interest for gamified intervention
developers. However, aliterature review on Kinect-based stroke
rehabilitation systems[38] illustrates that previous studieswere
driven more toward the feasibility and technical effectiveness
of such systems than their clinical effectiveness. A similar
observation has been found in the use of gamification for
cognitive assessment and cognitive training [39].

Randriambelonoro et al

Additionally, although not statistically significant, it is worth
noting that, after 6 weeks, the handgrip strength test improved
by 2 kg in the intervention group compared to 0.3 kg in the
control group. This effect was likely due to the fact that
ActivLife encourages safe upper limb exercises. Knowing that
an improvement of 2 kg is considered a minimally significant
change in the handgrip test [40], this result demonstrates the
potential of gamified rehabilitation to maximize the
improvement of older adult patients’ muscle strength.

Furthermore, if proven to be as effective as standard care,
gamified  rehabilitation  could  potentially  induce
cost-effectiveness by reducing the time spent by the
physiotherapist with the person during a therapy session. Such
tools could enable the physiotherapist to manage multiple
patients simultaneously, requiring only passive surveillance
instead of actively monitoring each one of them. A
cost-effectiveness analysis conducted by Rongbo [41] on the
use of an intelligent bed system coupled with ActivLife at the
hospital showed that relying on the equipment would reduce
the time spent by the physiotherapist on one patient from 6 to
2 hours. Thiswould reduce considerably the burden of limited
health professionals associated with the increase of
musculoskeletal disorders and the prevalence of the aging
population [42]. However, as patients value patient-therapist
interaction more than the amount or content of therapy during
inpatient rehabilitation [43], further investigation is needed to
understand the trade-off between those 2 components.

Limitations, Strengths, and Future Directions

Our study presents several limitations. First, the sample size of
the study was small, making it difficult to detect moderate
effects (eg, differences between groups), especialy as we
observed several variabilitiesin the steps’ data. Second, dueto
the subsequent dropouts, some data were missing. Analyses of
postintervention results were then adjusted for the remaining
participants (n=41). Third, the limitations associated with the
length of stay of the patients made it difficult to ensure that the
intervention group had enough sessions on the machine.
However, this experiment also has multiple strengths. First,
although based on asmall samplesize, our study hasthe benefit
of investigating the clinical validity of serious game-based
rehabilitation in a real-world setting. Second, the 3-week
follow-up at home allowed us to get an overview of patients
improvement after leaving the hospital. To further validate this
study, the inclusion of alarger sample size for alonger period
is necessary. Another interesting direction could be about
understanding and evaluating the potential of using gamified
rehabilitation equipment as a hospital-to-home transition tool
wherethe patient will continueto have accessto the system (eg,
viasocia institutions) even after discharge.

Conclusions

Our pilot study demonstrated the potential of the ActivLife
device, a gamified rehabilitation equipment, to be as effective
asstandard care (noninferiority) in the treatment of older adults
with muscul oskeletal issues.

https://rehab.jmir.org/2023/1/€39543

JIMIR Rehabil Assist Technol 2023 | vol. 10 | 39543 | p. 8
(page number not for citation purposes)


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

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Randriambelonoro et al

Acknowledgments

The authorsthank al the clinical personnel involved in the clinical management of the patients. This project has received funding
from the European Union’s Horizon 2020 research and innovation program under grant agreement number 690425.

Data Availability
The data sets generated or analyzed during this study are available from the corresponding author upon reasonable request.

Conflicts of Interest
CPF is a Section Editor for IMIR Medical Informatics at the time of this publication.

References

1. Tracking universal health coverage: first global monitoring report. World Health Organization. 2015. URL : http/
[IC:/Users/A9075/Downl 0ads/9789241564977_eng.pdf [accessed 2023-01-20]

2. 10factson ageing and health. World Health Organization. 2017. URL : https.//www.who.int/news-room/fact-sheets/detail/
10-facts-on-ageing-and-health [accessed 2022-05-01]

3. WilesJL, Leibing A, Guberman N, Reeve J, Allen RES. The meaning of "aging in place" to older people. Gerontol ogist
2012;52(3):357-366. [doi: 10.1093/geront/gnr098]

4.  BacsuJ, Jffery B, Johnson S, Martz D, Novik N, Abonyi S. Healthy aging in place: supporting rural seniors’ health needs.
Online JRura Nurs Health Care 2012;12(2):77-87. [doi: 10.14574/0jrnhc.v12i2.52]

5. Mattison M. Hospital management of older adults. UpToDate. 2021. URL : https.//www.uptodate.com/contents/
hospital-management-of-ol der-adults/print [accessed 2022-05-01]

6.  Health - Pocket Statistics 2016. Federal Statistical Office. 2016. URL : https.//www.bfs.admin.ch/bfs’en/home/news/
whats-new.assetdetail.1442765.html [accessed 2022-05-01]

7.  dos Santos LJ, dos Santos SilveiraF, Miller FF, Araljo HD, Comerlato JB, DaSilvaMC, et a. Functional evaluation of
patients admitted to the adult intensive care unit of the university hospital of Canoas. Fisioterapia e Pesquisa
2017;24(4):437-443. [doi: 10.1590/1809-2950/17720924042017]

8.  Mackichan F, Adamson J, Gooberman-Hill R. 'Living within your limits: activity restriction in older people experiencing
chronic pain. Age Ageing 2013;42(6):702-708. [doi: 10.1093/ageing/aft119]

9.  Resnick B, Boltz M. Optimizing function and physical activity in hospitalized older adults to prevent functional decline
and falls. Clin Geriatr Med 2019;35(2):237-251. [doi: 10.1016/j.cger.2019.01.003]

10. Dunlop DD, Semanik P, Song J, Manheim LM, Shih V, Chang RW. Risk factors for functional decline in older adults with
arthritis. Arthritis Rheum 2005;52(4):1274-1282. [doi: 10.1002/art.20968]

11. Karinkanta S, Heinonen A, Sievanen H, Uusi-Rasi K, Pasanen M, OjalaKk, et al. A multi-component exercise regimen to
prevent functional decline and bone fragility in home-dwelling elderly women: randomized, controlled trial. Osteoporos
Int 2007;18(4):453-462. [doi: 10.1007/s00198-006-0256-1]

12. Taylor L, Kerse N, Frakking T, Maddison R. Active video games for improving physical performance measuresin older
people: a meta-analysis. J Geriatr Phys Ther 2018;41(2):108-123. [doi: 10.1519/jpt.0000000000000078]

13. IdrissM, Tannous H, Istrate D, Perrochon A, Salle JY, Ho BaTho MC, et al. Rehabilitation-oriented serious game
development and evaluation guidelines for musculoskeletal disorders. IMIR Serious Games 2017;5(3):el14. [doi:
10.2196/games. 7284]

14. LinTY, Hsieh CH, Lee JD. A Kinect-based system for physical rehabilitation: utilizing Tai Chi exercisesto improve
movement disordersin patients with balance ability. 2013 Presented at: 7th AsiaModelling Symposium (Asialnternational
Conference on Modeling & Simulation); 2013 July 23-25; Hong Kong, China p. 149-153. [doi: 10.1109/ams.2013.29]

15. Ling, Ter Meer LB, Yumak Z, Veltkamp RC. Usability test of exercise games designed for rehabilitation of elderly
patients after hip replacement surgery: pilot study. IMIR Serious Games 2017;5(4):€19. [doi: 10.2196/games.7969]

16. Randriambelonoro M, Perrin C, Blocquet A, Kozak D, Fernandez JT, Marfaing T, et al. Hospital-to-home transition for
older patients: using serious games to improve the motivation for rehabilitation: a qualitative study. J Popul Ageing
2020;13(1):187-205. [doi: 10.1007/s12062-020-09274-7)

17. Kozak D, Burgermeister S, De Chassey JDB, Naef A, Maringue A, Dietrich D. A functionality, safety and validity study
of innovative REACH devices. Gerontechnology 2017;16(3):181-188. [doi: 10.4017/gt.2017.16.3.007.00]

18. ModusHealth - Stepwatch. 2023. URL : https.//modushealth.com/ [accessed 2022-05-01]

19. Cindy Ng LW, Jenkins S, Hill K. Accuracy and responsiveness of the stepwatch activity monitor and ActivPAL in patients
with COPD when walking with and without arollator. Disabil Rehabil 2011;34(15):1317-1322. [doi:
10.3109/09638288.2011.641666]

20. McCullagh R, Dillon C, O'Connell AM, Horgan NF, Timmons S. Step-count accuracy of 3 motion sensors for older and
frail medical inpatients. Arch Phys Med Rehabil 2017;98(2):295-302. [doi: 10.1016/j.apmr.2016.08.476]

https://rehab.jmir.org/2023/1/€39543 JMIR Rehabil Assist Technol 2023 | vol. 10 | €39543 | p. 9
(page number not for citation purposes)


http///C:/Users/A9075/Downloads/9789241564977_eng.pdf
http///C:/Users/A9075/Downloads/9789241564977_eng.pdf
https://www.who.int/news-room/fact-sheets/detail/10-facts-on-ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/10-facts-on-ageing-and-health
http://dx.doi.org/10.1093/geront/gnr098
http://dx.doi.org/10.14574/ojrnhc.v12i2.52
https://www.uptodate.com/contents/hospital-management-of-older-adults/print
https://www.uptodate.com/contents/hospital-management-of-older-adults/print
https://www.bfs.admin.ch/bfs/en/home/news/whats-new.assetdetail.1442765.html
https://www.bfs.admin.ch/bfs/en/home/news/whats-new.assetdetail.1442765.html
http://dx.doi.org/10.1590/1809-2950/17720924042017
http://dx.doi.org/10.1093/ageing/aft119
http://dx.doi.org/10.1016/j.cger.2019.01.003
http://dx.doi.org/10.1002/art.20968
http://dx.doi.org/10.1007/s00198-006-0256-1
http://dx.doi.org/10.1519/jpt.0000000000000078
http://dx.doi.org/10.2196/games.7284
http://dx.doi.org/10.1109/ams.2013.29
http://dx.doi.org/10.2196/games.7969
http://dx.doi.org/10.1007/s12062-020-09274-7
http://dx.doi.org/10.4017/gt.2017.16.3.007.00
https://modushealth.com/
http://dx.doi.org/10.3109/09638288.2011.641666
http://dx.doi.org/10.1016/j.apmr.2016.08.476
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Randriambelonoro et al

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Short physical performance battery (SPPB): ng physical performanceinthe older patient. National Institute on Aging.
URL: https://www.nia.nih.gov/research/labs/| eps/short-physi cal -performance-battery-sppb [accessed 2022-05-01]
Veronese N, Bolzetta F, Toffanello ED, Zambon S, De Rui M, Perissinotto E, et a. Association between short physical
performance battery and fallsin older people: the progetto veneto anziani study. Rejuvenation Res 2014;17(3):276-284.
[doi: 10.1089/re].2013.1491]

Kim JC, Chon J, Kim HS, Lee JH, Yoo SD, Kim DH, et a. The association between fall history and physical performance
tests in the community-dwelling elderly: a cross-sectional analysis. Ann Rehabil Med 2017;41(2):239-247. [doi:
10.5535/arm.2017.41.2.239]

Pavasini R, Guranik J, Brown JC, di Bari M, Cesari M, Landi F, et al. Short physical performance battery and all-cause
mortality: systematic review and meta-analysis. BMC Med 2016;14(1):215. [doi: 10.1186/s12916-016-0763-7]

Amaral CA, Amaral TLM, Monteiro GTR, VasconcellosMTL, PortelaMC. Hand grip strength: reference values for adults
and elderly people of Rio Branco, Acre, Brazil. PLoS ONE 2019;14(1):e0211452. [doi: 10.1371/journal.pone.0211452]
CelisMorales CA, Welsh B, Lyall DM, Steell L, Petermann F, Anderson J, et al. Associations of fat and carbohydrate
intake with cardiovascular disease and mortality: prospective cohort study of UK Biobank participants. BMJ Clin Res
2018;361:k1651. [doi: 10.1136/bmj.m688]

Sousa-Santos AR, Amaral TF. Differences in handgrip strength protocols to identify sarcopenia and frailty: a systematic
review. BMC Geriatr 2017;17(1):238. [doi: 10.1186/s12877-017-0625-y]

Hoyer EH, Needham DM, Atanelov L, Knox B, Friedman M, Brotman DJ. Association of impaired functiona status at
hospital discharge and subsequent rehospitalization. JHosp Med 2014;9(5):277-282. [doi: 10.1002/jhm.2152]

Cech DJ, Martin ST. Functional Movement Devel opment Acrossthe Life Span, 3rd ed. Amsterdam, Netherlands: Elsevier;
2012.

Salvi F, Miller MD, Grilli A, Giorgi R, TowersAL, Morichi V, et al. A manual of guidelinesto scorethe modified cumulative
illnessrating scale and its validation in acute hospitalized elderly patients. JAm Geriatr Soc 2008;56(10):1926-1931. [doi:
10.1111/j.1532-5415.2008.01935.X]

Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for grading the cognitive state of patients
for the clinician. J Psychiatr Res 1975;12(3):189-198.

Yu W, Vuong C, Ingals T. An interactive multimedia system for Parkinson's patient rehabilitation. In: Shumaker R, editor.
Virtual and Mixed Reality - Systems and Applications. Lecture Notes in Computer Science. Berlin, Heidelberg: Springer;
2011:129-137.

Assad O, Hermann R, LillaD, Mellies B, Meyer R, Shevach L, et al. Motion-based games for Parkinson's disease patients.
In: Anacleto JC, Fels S, Graham N, Kapralos B, Saif El-Nasr M, Stanley K, editors. Entertainment Computing—I CEC.
Lecture Notes in Computer Science. Berlin, Heidelberg: Springer; 2011:47-58.

Paraskevopoulos I T, Tsekleves E, Craig C, Whyatt C, Cosmas J. Design guidelines for devel oping customised serious
games for Parkinson’s disease rehabilitation using bespoke game sensors. Entertain Comput 2014;5(4):413-424. [doi:
10.1016/j.entcom.2014.10.006]

Cho S, Ku J, Cho YK, Kim 1Y, Kang Y J, Jang DP, et al. Development of virtual reality proprioceptive rehabilitation system
for stroke patients. Comput Methods Programs Biomed 2014;113(1):258-265. [doi: 10.1016/j.cmpb.2013.09.006]

Ding Q, Stevenson IH, Wang N, Li W, Sun 'Y, Wang Q, et al. Motion games improve balance control in stroke survivors:
apreliminary study based on the principle of constraint-induced movement therapy. Displays 2013;34(2):125-131. [doi:
10.1016/j.displa.2012.08.004]

Ibarra Zannatha JM, Tamayo AJ, Sanchez AD, Delgado JE, Cheu LE, Arévalo WA. Development of a system based on
3D vision, interactive virtual environments, ergonometric signalsand ahumanoid for stroke rehabilitation. Comput Methods
Programs Biomed 2013;112(2):239-249. [doi: 10.1016/j.cmpb.2013.04.021]

DimaguilaGL, Gray K, Merolli M. Person-generated health datain simulated rehabilitation using Kinect for stroke: literature
review. IMIR Rehabil Assist Technol 2018;5(1):e11. [doi: 10.2196/rehab.9123]

Lumsden J, Edwards EA, Lawrence NS, Coyle D, Munafd MR. Gamification of cognitive assessment and cognitive training:
a systematic review of applications and efficacy. IMIR Serious Games 2016;4(2):e11. [doi: 10.2196/games.5888]

Esain |, Rodriguez-Larrad A, Bidaurrazaga-Letonal, Gil SM. Health-related quality of life, handgrip strength and falls
during detraining in elderly habitual exercisers. Health Qual Life Outcomes 2017;15(1):226. [doi:
10.1186/s12955-017-0800-2]

Rongbo H. Ambient rehabilitation kit: devel oping personalized intelligent interior unitsto achieve demographic sustainability
in aging society (Dissertation). Miinchen: Technische Universitat Miinchen; 2022. URL: https://mediatum.ub.tum.de/
1638907 [accessed 2023-01-20]

Gheno R, Cepparo JM, Rosca CE, Cotten A. Musculoskeletal disordersin the elderly. J Clin Imaging Sci 2012;2:39. [doi:
10.4103/2156-7514.99151]

Peiris CL, Taylor NF, Shields N. Patients value patient-therapist interactions more than the amount or content of therapy
during inpatient rehabilitation: aqualitative study. J Physiother 2012;58(4):261-268. [doi: 10.1016/s1836-9553(12) 70128-5]

https://rehab.jmir.org/2023/1/e39543 JMIR Rehabil Assist Technol 2023 | vol. 10 | €39543 | p. 10

(page number not for citation purposes)


https://www.nia.nih.gov/research/labs/leps/short-physical-performance-battery-sppb
http://dx.doi.org/10.1089/rej.2013.1491
http://dx.doi.org/10.5535/arm.2017.41.2.239
http://dx.doi.org/10.1186/s12916-016-0763-7
http://dx.doi.org/10.1371/journal.pone.0211452
http://dx.doi.org/10.1136/bmj.m688
http://dx.doi.org/10.1186/s12877-017-0625-y
http://dx.doi.org/10.1002/jhm.2152
http://dx.doi.org/10.1111/j.1532-5415.2008.01935.x
http://dx.doi.org/10.1016/j.entcom.2014.10.006
http://dx.doi.org/10.1016/j.cmpb.2013.09.006
http://dx.doi.org/10.1016/j.displa.2012.08.004
http://dx.doi.org/10.1016/j.cmpb.2013.04.021
http://dx.doi.org/10.2196/rehab.9123
http://dx.doi.org/10.2196/games.5888
http://dx.doi.org/10.1186/s12955-017-0800-z
https://mediatum.ub.tum.de/1638907
https://mediatum.ub.tum.de/1638907
http://dx.doi.org/10.4103/2156-7514.99151
http://dx.doi.org/10.1016/s1836-9553(12)70128-5
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIRREHABILITATION AND ASSISTIVE TECHNOLOGIES Randriambelonoro et al

Abbreviations

FIM: functional independence measure
IHGS: isometric hand grip strength
SPPB: short physical performance battery

Edited by T Leung; submitted 13.05.22; peer-reviewed by N Chalghaf, J Hoepner, R Hu, S Bernaerts, comments to author 08.09.22;
revised version received 31.10.22; accepted 23.12.22; published 06.03.23

Please cite as:

Randriambelonoro M, Perrin Franck C, Herrmann F, Carmona GA, Geissbuhler A, Graf C, Frangos E

Gamified Physical Rehabilitation for Older Adults With Muscul oskeletal Issues. Pilot Noninferiority Randomized Clinical Trial
JMIR Rehabil Assist Technol 2023;10:€39543

URL: https://rehab.jmir.org/2023/1/€39543

doi: 10.2196/39543

PMID:

©Mirana Randriambelonoro, Caroline Perrin Franck, Francois Herrmann, Gorki Antonio Carmona, Antoine Geissbuhler,
Christophe Graf, Emilia Frangos. Originally published in IMIR Rehabilitation and Assistive Technology (https://rehab.jmir.org),
06.03.2023. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Rehabilitation and Assistive Technology, is properly cited. The complete
bibliographic information, a link to the origina publication on https://rehab.jmir.org/, as well as this copyright and license
information must be included.

https://rehab.jmir.org/2023/1/e39543 JMIR Rehabil Assist Technol 2023 | vol. 10 | €39543 | p. 11
(page number not for citation purposes)

RenderX


https://rehab.jmir.org/2023/1/e39543
http://dx.doi.org/10.2196/39543
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

