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Feasibility, safety, and effects of a Nintendo Ring Fit
Adventure™ balance and strengthening exercise program in
community-dwelling older adults with a history of falls:

A feasibility randomized controlled trial

Wayne Lap Sun Chan,' © Cody Wing Lam Chan,' Freddy Man Hin Lam,' ® Howard Ho Wing Chan,’
Kelvin Chi Kin Chan,’ Jerry Sai Kit Chan,' Oscar Lok Wang Chan' and Daphne Sze Ki Cheung2

Aim: This pilot study examined the feasibility, safety, and effects of a Nintendo Ring Fit
Adventure™-based exercise program to enhance balance and lower limb muscle strength in
community-dwelling older adults with a history of falls.
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Methods: In total, 42 older adults who experienced at least one fall in the past year were
randomly assigned to an experimental or control group. Participants in the experimental
group performed 60-min sessions of the exercise program twice per week for 8 weeks. The
control group received usual care. We assessed the feasibility (retention and adherence to the
exercise program), safety (number of adverse events), and clinical outcomes: (1) balance
(Mini-BESTest); (2) functional lower limb muscle strength (Five-Time Sit-to-Stand test);

Correspondence (3) mobility (Timed-Up and Go test); (4) dual-task ability (Timed-Up and Go test — Dual
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Task); (5) fear of falling (Icon-FES); and (6) executive function (Color Trails Test).

Results: Thirty-one participants (74%) completed the 8-week assessment. No adverse event
associated with the exercise program was reported. There was a significant interaction in the
anticipatory domain score of the Mini-BESTest between the experimental and control groups
over the 8 weeks (P = 0.019).

Conclusions: The Nintendo Ring Fit Adventure™-based exercise program was feasible,
safe, and potentially effective in improving anticipatory balance in community-dwelling older
fallers. Geriatr Gerontol Int 2024; 24: 334-341.

Accepted: 26 November 2023

Introduction

Falls affect one in three community-dwelling older adults
annually' and can lead to numerous complications, such as hip
fractures, decreased mobility, admission to nursing homes, and
early mortality.? Balance deficits and decreased muscle strength
are among the various factors strongly associated with falls in the
older population.** Exercise and physical activity can effectively
enhance balance and muscle strength in older individuals, making
them crucial components in fall prevention interventions.>®
However, the participation of older adults with an increased risk
of falls (e.g., having a history of falls) in exercise interventions has
been suboptimal”® due to barriers such as low self-efficacy, fear of
falling, absence of previous exercise experience, and safety
concerns.”!?

Technological interventions such as exergaming are being
increasingly used to promote fitness and health. Exergaming, also
known as active video gaming, combines exercise and video games
by leveraging various technologies such as motion sensors, bal-
ance boards, dance mats, and virtual reality.'! Players are required
to use their bodily movements to control and guide the game.
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Several features of exergaming, such as providing immediate feed-
back, consistent engagement, and bringing joy to players, are reg-
arded as potential strategies to enhance the motivation and
adherence to exercise interventions among older populations.'*'?
Growing evidence indicates that exercise programs using
exergaming systems have been demonstrated to be effective in
improving balance, lower limb muscle strength, and gait and
reducing falls in older adults.'*'®

The Nintendo Ring Fit Adventure™ (NRFA; Nintendo) is an
action role-playing exergame designed to promote fitness and
physical activity. Players are required to move their body parts
while holding a ring-shaped controller and complete different
exercise tasks, including aerobic, resistance, and yoga exercises, to
defeat opponents in the game.'® Players are required to perform
the exercise tasks based on the verbal, visual, and tactile feedback
provided by the device and further improve their performance.
Some preliminary studies have reported that the NRFA is feasible,
safe, and effective in enhancing physical function in older individ-
uals with musculoskeletal problems.®?° However, no study has
been conducted to determine whether older adults with a history
of falls can use the NRFA to overcome the aforementioned
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Feasibility of Ring Fit exercise

barriers to participating in fall prevention exercise interventions.
The feasibility and safety of using the NRFA to train balance and
muscle strength in older adults with a history of falls are yet to be
investigated. Moreover, the potential effects of NRFA-enhanced
exercise interventions on balance, muscle strength, and other risk
factors for falls in older adults remain uncertain.

The objectives of this pilot trial were to investigate the feasibil-
ity and safety of an NRFA-based exercise program and explore the
potential effects of the program for community-dwelling older
adults who had experienced falls in the past year. We also
explored the potential effects of the exercise program on various
clinical outcomes, including balance, lower limb muscle strength,
general mobility, dual-task ability, executive function, and fear of
falling in this population.

Methods

Study design

This study was a pilot randomized, assessor-blinded, parallel-
group, controlled trial. This study was conducted in accordance
with the Declaration of Helsinki®' and approved by the Institu-
tional Review Board of the Hong Kong Polytechnic University and
participating organizations before data collection. All eligible par-
ticipants provided written informed consent before the baseline
assessment. The trial protocol was registered on ClinicalTrials.gov
(identifier: NCT05949359). This study adheres to the Consoli-
dated Standards of Reporting Trials (CONSORT) for maintaining
reporting quality.*?

Participants

Participants were recruited from a local community center for
older adults in Hong Kong. Between September 2022 and May
2023, social workers affiliated with the participating community
center reviewed and identified potential candidates who fulfilled
the study inclusion criteria, i.e., (1) were aged =60 years, (2) had at
least one fall in the past year, (3) could walk independently with-
out a walking aid for at least 10 m, and (4) had no experience of
using the NRFA.

Individuals were excluded if they (1) had a severe musculoskel-
etal, cardiopulmonary, or neurological condition that impeded
their participation in the assessment or exercise program; (2) had
a substantial visual or hearing impairment that limited their ability
to follow exercise instructions; (3) scored below the age- and
education-adjusted cut-offs in the Hong Kong version of the
Montreal Cognitive Assessment (HK-MoCA)?3; or (4) had partici-
pated in any structured exercise program in the past 6 months.

Randomization and blinding

Upon completion of the baseline assessment, the participants were
randomly assigned to either the experimental (EG) or control
group (CG) at a ratio of 1:1. Randomization was performed by
asking the participants to draw a random slip of paper indicating
their group allocation from a concealed plastic box. Staff members
involved in the study had no control over the allocation. The
assessor was blinded to the group allocation. However, the partici-
pants were not blinded to the group allocation due to the nature
of the study design.

© 2023 The Authors. Geriatrics & Gerontology International

Intervention

The exercise program was conducted at a local community center.
The participants in the EG were guided by an exercise instructor
to play the NRFA. The NRFA captured the strength of the partici-
pants at the beginning of the exercise program using a ring-
shaped controller designed for the NRFA, and tailored the
strength required to perform each exergame for each participant.
Each exercise session starts with asking the participants to stand
up and grasp the ring-shaped controller with both hands. The
participants were instructed to follow voice-over instructions, on-
screen texts, and animated video demonstrations provided by the
NRFA to complete each exergame.

The exercise program consisted of two 60-min sessions per
week for 8 weeks. Each session consists of a 5-min warm-up exer-
cise, S0-min core balance and muscle strengthening exercises, and
a S-min cool-down exercise. Table 1 presents the details of the
exercise program. In short, each 50-min core exercise
section consisted of four types of exergames: (1) yoga (Fig. 1a),
(2) lower limb strengthening (Fig. 1b), (3) balance (Fig. 1c), and
(4) rhythmic exergames. The exergames were selected by the team
to achieve the specific objectives of this study (i.e., to enhance bal-
ance and lower limb muscle strength of the participants). The pro-
gram was divided into three stages with increasing exercise
repetitions, intensity, and variations. Stage 1 (easy) had 10 exercise
variations. Stages 2 (medium) and 3 (hard) incorporated 14 varia-
tions. The number of repetitions of each exercise was gradually
increased in Stages 2 and 3. In Stage 3, the participants were
required to stand on a soft balance board when performing
selected exergames to add extra balance challenge and therefore
increase exercise intensity. The participants were allowed to pro-
gress to the advance stages if they could complete all the assigned
exercises and achieve the target number of repetitions and
intensity.

All participants were instructed to wear comfortable clothes
and shoes while attending the exercise sessions. The participant
was asked to notify the instructor of any discomfort they experi-
enced during the exercise, and the participants had the right to
suspend any exercise session if any discomfort restricted them
from completing the exercises. The instructor was trained by the
principal investigator (WC), who is a registered physiotherapist
with over 10 years of experience working with older adults, to pro-
vide ongoing supervision, verbal feedback, manual support, and
adjustment of exercise intensity for each participant.

The participants in the CG received advice from the exercise
instructor on how to improve their physical performance and con-
tinued to receive care provided by the community center and
other healthcare providers for 8 weeks.

Outcome measures

The assessor collected the following demographic data of the par-
ticipants at baseline: age, sex, years of education, body mass index,
history of falls, fall-related injuries and hospitalizations in the past
year, medical history, and number of medications.

Feasibility

The feasibility of the exercise program was evaluated based on
retention and adherence. Retention was determined by calculating
the percentage of participants who completed the 8-week assess-
ment in both groups. Adherence to the exercise program was eval-
uated by examining the percentage of (1) exercise sessions
attended by the participants, and (2) exercises completed by the
participants.
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Table 1 Nintendo Ring Fit Adventure exercise program protocol

Table 1 Continued

Stage Week Exercise routine

Stage Week Exercise routine

1 (easy) 1and 2
(4 sessions)  Jogging in Monster Den
(i.e., jogging and abdominal contraction)

Warm-up exercise

Core exercise
Part 1: Yoga exercise
e Chair pose: 10 reps
e Warrior 2 pose: 16 reps
Part 2: Lower limb strengthening exercise
e Wide squat: 14 reps
¢ Knee lift combo: 34 reps
e Sidestep: 34 reps
e Thigh squeeze: 14 reps
Part 3: Balance exercise
e Overhead bend: 14 reps
® Overhead side bend: 14 reps
e Pendulum bend: 14 reps
Part 4: Rhythmic exergame: 2-3 min
Break for 5 min and repeat the core exercise
Cool-down exercise
Lower limb and abdominal muscles and
stretching
2 (medium) 3-5
(6 sessions)  Jogging in Monster Den

Warm-up exercise

Core exercise

Part 1: Yoga exercise

e Chair pose: 12 reps

e Warrior 1 pose: 20 reps

® Warrior 2 pose: 20 reps

® Revolved crescent lunge pose: 20 reps

Part 2: Lower limb strengthening exercise

e Wide squat: 16 reps

e Sidestep: 42 reps

e Thigh squeeze: 42 reps

¢ Knee lift combo: 42 reps

e Hip lift: 16 reps

Part 3: Balance exercise

e Overhead bend: 16 reps

e Opverhead side bend: 16 reps

® Opverhead lunge twist: 20 reps

e Pendulum bend: 16 reps

Part 4: Rhythmic exergame: 2-3 min

Break for 5 min and repeat the core exercise

Cool-down exercise

Lower limb and abdominal muscle and
stretching

3 (hard) 6-8
(6sessions) Jogging in Monster Den

Core exercise

Part 1: Yoga exercise

e Chair po se™: 16 reps

e Warrior 1 pose’: 28 reps

e Warrior 2 pose’: 28 reps

* Revolved crescent lunge pose':
28 reps

Part 2: Lower limb strengthening exercise

e Wide squat’: 20 reps

e Sidestep: 50 reps

e Khnee lift combo: 50 reps

e Hip lift: 20 reps

* Mini exergame: Squat goals or
squattery wheel

Warm-up exercise

(Continues)
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Part 3: Balance exercise

e Overhead bend: 20 reps

e Overhead lunge twist: 28 reps

® Pendulum bend: 20 reps

* Mini exergame: Gluting gallery or
smack back

Part 4: Rhythmic exergame: 2-3 min

Break for 5 min and repeat the core exercise

Cool-down exercise

e Lower limb and abdominal muscle
and stretching

"Participants were instructed to use one of their legs to step on a bal-
ance board when performing the exercise to increase the challenge to
their balance control. The leg used to step on the balance board chan-
ged in every exercise session.

Safety
Safety was assessed by the number of intervention-related adverse
events recorded during the study period. In addition, the instruc-
tor recorded any adverse event during every exercise session. The
participants were instructed to inform the exercise instructor
regarding any adverse events they encountered during or between
exercise sessions, including dizziness, acute pain, soft tissue injury,
and falls.

To determine whether a future definitive trial is indicated, sev-
eral criteria were set based on feasibility and safety outcomes,
i.e., (1) retention and adherence of the participants were >70%,
and (2) <10% of the participants in EG should experience any
adverse event related to the exercise program.

Clinical outcome measures

Clinical outcomes were evaluated in both the EG and CG using
measures as follows: (1) Mini-Balance Evaluation Systems Test
(Mini-BESTest) on dynamic balance?®; Five-Time-Sit-to-Stand
Test (FTSS) on functional lower extremity muscle strength®>¢;
Timed-Up-and-Go (TUG) single and dual tasks on general mobil-
ity and dual-task ability respectively?”-*%; Iconographical Falls Effi-
cacy Scale (Icon-FES) on fear of falling®’; Color Trails Test first
trial (CTT-1), second trial (CTT-2), and the difference between
the two trials (CTT-difference) on mental processing, executive
function, and set-shifting flexibility respectively.*

Sample size calculation

Although a formal sample size calculation was not necessary for
this pilot trial, we estimated that the number of participants
required would be approximately 15% of the total required for a
definitive trial. We hypothesized that the exercise program would
exert medium effects on the lower limb muscle strength and bal-
ance of participants. For the definitive trial, sample size calcula-
tions indicated a need for 210 participants. We aimed to recruit
40 participants to compensate for 20% drop-out in the full trial.>!

Statistical analysis

Descriptive statistics were used to present the participants’ charac-
teristics and feasibility outcomes. Retention and adherence rates
are expressed as percentages. Means (standard deviations) are
reported for continuous outcomes (e.g., age, body mass index,
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Feasibility of Ring Fit exercise

Figure 1 Scenes of the Nintendo
Rig Fit Adventure™ (Nintendo,
Kyoto, Japan) exercise programme.
(a) yoga exergame (warrior 2);

(b) muscle strengthening exergame
(wide squat); and (c) balance
exergame (overhead bend).

and the Mini-BESTest), and raw counts (number and percentage)
are reported for categorical outcomes (e.g., sex, history of recur-
rent falls, and medical history). Repeated measures two-way analy-
sis of covariance with time (baseline, 8-week) as a within-group
factor and group (EG, CG) as a between-group factor was used to
compare outcomes between the EG and CG after controlling for
the age, body mass index, and the baseline Mini-BESTest total
score. Effect sizes were calculated based on partial eta squared ()
of the analysis of covariance and classified as small (n? = 0.01),
medium (n? = 0.06), or large effects (0% = 0.14).*? The intention-
to-treat principle using last observation carried forward was
applied to the analyses for the participants who completed the
baseline assessment. All data were analyzed using SPSS version
23.0 (IBM Corp.). The level of significance was set at P < 0.0S for
all statistical analyses.

Results

Baseline characteristics

The characteristics and clinical outcomes of the participants at
baseline are listed in Table 2. The participants had a mean age of

© 2023 The Authors. Geriatrics & Gerontology International

69.8 + 5.7 years and a mean number of falls of 1.4 + 0.6 falls in
the past year. Sixteen participants (38%) had more than one fall,
and seven participants (17%) had a history of injured fall in the
past year.

Feasibility

Fifteen participants (71%) in the EG and 16 (76%) in the CG com-
pleted the 8-week assessment (Fig. 2). The reasons of withdrawal
included personal circumstances (e.g., having frequent medical
appointments) or health issues unrelated to the intervention.

The mean adherence to the NRFA exercise program was 88%.
Fourteen (93%) participants attended 70% or more of the exercise
sessions, whereas one participant attended 69% of the
exercise sessions.

We prescribed 3480 exercises in 16 exercise sessions, and the
participants completed 2988 exercises. The mean adherence of
the participants to the exercise prescribed was 86%.

Safety

No adverse event was reported by the participants or recorded by
the exercise instructor either during or between exercise sessions.
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Table 2 Characteristics at baseline

EG (n=21) CG (n=21) P value®
Characteristics
Age, years, mean (SD) 68.2 (6.0) 71 4 (S5.1) 0.08
Female sex, n (%) 15 (71) 7 (81) 0.47
Body mass index, kg/m?, mean (SD) 22.53 (2.93) 26. 19 (3.18) <0.001
Number of falls, mean (SD) 1.5 (0.8) 3(0.5) 0.47
Having a history of recurrent falls (22 falls), n (%) 8 (38) 8 (38) 1.00
Having a history of at least one injured fall, 7 (%) 3 (14) 4(19) 0.68
Hypertension, 7 (%) 12 (57) 11 (52) 0.76
Type 2 diabetes, n (%) 6 (29) 8 (38) 0.51
Hyperlipidemia, n (%) 3 (14) 6 (69) 0.26

CG, control group; EG, Nintendo Ring Fit Adventure-based exercise group.

fChi-squared and independent #-test were used to compare characteristics between the EG and CG.

Clinical outcomes

Table 3 lists the clinical outcomes and the interaction of the out-
comes between the EG and CG over 8 weeks. There was a signifi-
cant “time x group” interaction in the anticipatory subscore of the
Mini-BESTest after adjustment for age, body mass index, and
baseline Mini-BESTest total score (P = 0.019). No significant
“time x group” interaction in other clinical outcomes were noted.

Discussion

To our knowledge, this is the first study to investigate the feasibil-
ity, safety, and potential efficacy of an NRFA-augmented exercise

program aimed at improving the balance and muscle strength of
community-dwelling older adults with a history of falls. Our find-
ings show that the retention and adherence of the participants in
the program and the number of adverse events met the pre-
determined feasibility and safety criteria. In addition, a significant
improvement in anticipatory postural control was noted in the EG
compared with the CG. The preliminary data indicate that the
NRFA exercise program potentially improves balance in older
adults who had experienced a fall.

Over 70% of the participants completed the NRFA exercise
program and the post-assessment at 8 weeks. The retention of our
exercise program is comparable with that of other exergaming
interventions conducted in older populations'>**** and exercise

Assessed for eligibility (n = 55)

Excluded (n=12)

* No fall in the past year (n = 10)

*  HK-MoCA score lower than cut-offs (n = 2)
*  Had acute musculoskeletal pain (n = 1)

A 4

A 4

Baseline measurement (n = 42)

4

Randomised (n = 42)

A

Allocated to the EG (n = 21)

Allocation

A

Allocated to the CG (n = 21)

Drop-out

| * Personalissues (n=3)
* Health issues unrelated to 7 e
the intervention (n = 3)

o| Drop-out
Personal issues (n = 5)

A 4

Assessed for feasibility and

8-week Assessment .
clinical outcomes (n = 15)

A 4

Analysed (n =21)

Assessed for feasibility and
clinical outcomes (n = 16)

A 4

Analysed (n =21)

Figure 2 Flow diagram of the feasibility study.CG, control group; EG, experimental.

338 |

© 2023 The Authors. Geriatrics & Gerontology International

published by John Wiley & Sons Australia, Ltd on behalf of Japan Geriatrics Society.

85U8017 SUOWILLOD 8ATea.0 3edldde aup Aq pauienob ae sejole YO ‘85N JO S8INJ o Akeid1 78Ul UO A8]IA UO (SUOTIPUOD-PUB-SWLBI WD A8 |IM A e1q1BU1|UO//SANL) SUORIPUOD PUe SWB | 8L 88S *[Z0Z/70/TT] uo Ariqi]auluo A1 Aisean Ajod Buoy BuoH Aq T2/ T IBB/TTTT'OT/I0p/L00 A8 (1M AReIq Ul UO//SANY WO. papeo|umod ‘TS ‘7202 ‘YES0LYYT



14470594, 2024, S1, Downloaded from https://onlinelibrary.wiley.com/doi/10.1111/ggi.14771 by Hong Kong Poly University, Wiley Online Library on [11/04/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Feasibility of Ring Fit exercise

“90uBWIoNAd 191394 93BIIPUI GHI-UOJ] Y3 UO 10DS JomO] B PUE 353 SHF-TUIA U3 UO 2100s JPYSIY Y "SHA-UOD] PUE 13 L SHF-TUIA 93 UI 21098 JO ISUBL Y3 JedIPUL SJoIRIY,

"JUI[PsE] 1B 21028 [830} 353 LSHY-TUI U3 PuE ‘Xxapur ssew £poq 98k 103 Suifjonuod saye sdnoid D) pue D Ay3 Mg s3ZuEYd 2aedwiod 03 pasn sem YAODNY Aem-om} sanseaw pajeaday,

1531 0n-pue-dn-pawn], ‘DN T, 482 swIsAg uonen[eAy dUeeg-TUIA
983, L.SHG-TUIA ‘9[edg Adeoyyq sreq [edryder8ouod] ‘§H,.1-uod] S} Puels-03-3IS-dWn-2AL] ‘GG ‘dnoid as11aXa paseq-21muaApy L] Sury opuauiN ‘OF s3], s[rel], Jo[o) “L1D ‘dnoid jonuod ‘n)H

Fych) 11799 (80°5€) €L'FL (82°1€) €209 (09°62) 8£°69 (1Iz=w) DD

S0°0 81°0 Wrey) 97 LS (80°5¢) 1¥°8% (667Ch) S€°€9 (91°5¢) 92°€S (1z=u) o4 SpPU0D2S “AOUIPIP-1,1.D
(9%°59) €8°1¢€1 (1S°9%) 06°F¥1 (6L°0%) ¥¥°ST1 (01°S%) €T 8¢1 (Iz=u) DD

100 12°0 (9%°S9) v1°zCl (1S°9%) #S911 (89°59) €5°8¢1 (ST'¢h) 0Z°¢TL (Iz=v) o3 Spuod3s ‘z-11D
(£6°82) 1L°S9 (F€2e) 91°0L (66'%2) TT'S9 (F1°1€) S8°89 (Iz=w) DD

000 760 (£6'82) 0L'%9 (reze) 21789 (L8°2T) 61°S9 (60°22) ¥¥°69 (1z=u) o4 Spuod2s ‘1-L1D
(LT'L) 66°0T (26'9) 8L°1¢ (80°2) $6°02 (£8'9) 12CC (Iz=u) DD

€0°0 8T°0 (LTL) ¥¥'81 (26'9) L1'1T (£8°9) 87°81 (8€°9) ¥2°02 (1z=w) D3 21095 .“(0%—0) SHA-U0d]
(I17°¢) 9S°11 (86F) TT'EL (260 1711 F'S) 69°€1 (Iz=w) DD

000 0,0 (IF7°¢) 9¢°11 (86'%) 19°€1L (60°€) 1S'TL (0Z¢) F1€L (1z=u) Od Spuodas ‘S5 1.4
(L8'8) TL61 (76°8) €6'61 (0£°9) 8261 (20°S) zg0T (Iz=u) DD

00 12°0 (£8°8) 70°81 (76°8) S1°0¢ (6T°6) L6LT (FL6) SL'61 (1z=w) D4 spuod3s ‘D[ I, Ysei-[eng
(990 €711 (20'g) Z8'11 (657 89° 11 (61°€) 0S°CL (Iz=w) DD

700 6€0 (99°7) LL01 (0'g) 12711 (15°2) 2s°01 (95°7) €0°T1 (1z=w D3 SPU03s ‘D, JseI-2[3uIg
(90°¢) 81°2C (962) ¥¥'Ce (61°€) 00°CT (o1°¢) ¥12e (Iz=u) DD

€0°0 z€0 (90°¢) 11'¥C (962) 9%°¢€C (80°2) 6T°¥¢ F12) 9L°€C (1z=w) Dd 21095 (82-0) [e30L
(e oLL (€6°0) 01°8 (€S 1) 292 (8€'1) 00'8 (1Iz=w) DD

100 €T0 (ee'1) ¥S°8 (£6°0) LV'8 (20'1) 29'8 (15°0) LS'8 (1z=w) D3 21025 (Q1-0) 31eD) drweuAq
(0L0)zL's (26°0) €5°S (95°0) 12°S (98°0) 8¢°S (Iz=u) DD

€00 870 (0£0) 29°S (26°0) 60°S (£9°0) 29°S #6°0) ¥T'S (1z=u) o3 31098 (9-() UOHEBIUSLQ AI0SUDS
(or'1) zev (0Z'1) OF'F (SS°1) 00°F (€9°1) SO'F (1Iz=w DD

000 8.0 (0F'1) 67'F 0Z1) ¥LF (L11) 18°F (00°1) 01°S (1z=u) Oo4d 21025 :(9—0) [ONUOD) [BINISOJ A1OEIY
(69°0) TLY (S9°0) L8'F (08°0) 29°F (€£°0) L9F (Iz=u) DD

710 6100 (69°0) 60°S (S9°0) 19°F (1S°0) 61°S (86°0) 18°F (1z=w) D4 21095 :(9-() A1orednUy

ASLSAG-TUIA

(@) parenbs €12 [enJeq oNJeA 4 SYoIMm § IV urseqg SYIIM 8 IV urseqg sdnoun) SINSEIW WO

(@s) ueaws passnlpy

(ds) ueaw paysnfpeun

sdnoid uaamiaq pue UM SIWODINO [edIUI Jo uostedwo) ¢ Ipqe],

339

published by John Wiley & Sons Australia, Ltd on behalf of Japan Geriatrics Society.

© 2023 The Authors. Geriatrics & Gerontology International



WLS Chan et al.

programs focusing on fall prevention.** The mean attendance rate
of the EG was 88%, and 14 of 15 participants completed 270%
exercise sessions. The participants completed 86% of the exercise
assigned by the program. The adherence rate of our exercise pro-
gram is similar to those of other exergaming interventions, which
typically surpass 90% adherence,'” and is higher than those of tra-
ditional fall prevention exercise programs, which achieve only
66% adherence on average.*> The high retention and adherence
of our program indicate that older adults with a history of falls are
willing to participate in and complete the program.

None of the participants reported any discomfort or injury
during or between exercise sessions. Our findings are similar to
those of previous studies reporting no major adverse events asso-
ciated with exergaming interventions.'> Although some studies
have indicated that older adults participating in exergaming pro-
grams might experience minor events, such as fatigue, muscle
soreness, and falls,">° these events did not result in any major
injury requiring medical attention. Evidence demonstrates that
exergaming interventions are generally safe for older adults.

We noted that the improvement in anticipatory control in the
EG was significantly superior to that among the controls with a
large effect (n? = 0.14). Our findings are comparable with previous
studies, which showed that exergaming interventions using
devices such as Microsoft Kinect, Nintendo Wii, and virtual reality
were effective in improving anticipatory postural control and over-
all balance in community-dwelling healthy older adults.'®37%8
Highly challenging balance and yoga exercises have also been
reported to be effective in improving balance and reducing falls in
older adults.>*® The feedback given to the participants based on
the motion detection function of the NRFA might enable them to
perform balance exercises precisely, and therefore enhance the
effects of the program on postural control.*® The results indicated
that our exercise program is challenging yet safe for older adults
with a history of falls. Nevertheless, an extended duration of the
NRFA exercise program following the recommended dosage
(i.e., S0 h in total*') may be required to reduce falls in older
adults.

The EG did not show an improvement in functional lower
limb muscle strength despite having included several muscle
strengthening exercises in the program. Our findings align with
those of a systematic review indicating that exergaming interven-
tions did not exert a significant effect on upper and lower limb
muscle strength in healthy older adults.** However, some previous
studies conducted in frail older adults and nursing home residents
have found that exergaming interventions improved muscle
strength,'®* indicating that the effect of exergames on
muscle strength may be more pronounced in older adults with
poor muscle strength. Future studies should consider adding
resistance (e.g., free weights) to participants’ body parts to
enhance the potential effects of the program on functional lower
limb muscle strength.

Our findings showed that the EG did not show a significant
improvement in dual-task performance, fear of falling, mobility,
and executive function. We expected that the NRFA exercise pro-
gram may have only small effects on these clinical outcomes
because the program did not specifically focus on improving these
outcomes. Some preliminary studies suggested that exergaming
interventions may improve these clinical outcomes in older adults
when the interventions involved components that have strong
effects on the outcomes concerned (e.g., incorporating cognitively
stimulating games during physical exercises).***3*

We demonstrated a high retention and adherence of the NRFA
exercise program in the participants. This suggests that our exer-
cise program is potentially enjoyable and can motivate older adults
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to engage in exercise training. Moreover, we showed a few positive
effects of our exercise program on balance in the participants. We
foresee that the effects of the exercise program would be more
noticeable if the duration of the program was longer and we could
incorporate more balance- and strength-challenging exergames.
As the gaming console and software are commonly available in
many households, modifying our program into a home-based
exercise program may benefit more older fallers living in the com-
munity. Nevertheless, further studies are needed to evaluate
whether it is feasible, safe, and acceptable for older adults to oper-
ate the device and perform the exercise at home with minimal
supervision.

This study had several limitations. The sample size was small
and the power to detect changes was therefore reduced. All the
participants have had at least one fall in the past year. Our findings
may not be able to generalize to older adults without a history of
falls. The anticipatory control of the participants was evaluated
using one of the domain scores in the Mini-BESTest, which may
not be able to reflect fully the anticipatory control of older adults.
Future studies should therefore include measures that can specifi-
cally evaluate anticipatory control. Our exercise program was not
tailored to the abilities and needs of individual participants.
Adjusting the exercise parameters and progressing the exercise
based on the physical function and performance of older adults in
the exergames may further enhance the benefits of the exercise
program.

Conclusions

The NRFA exercise program is feasible and safe and may be effec-
tive in improving anticipatory control in community-dwelling
older adults with a history of falls. These findings provide support
for extended research, particularly randomized controlled trials
involving a larger sample of older adults with a history of falls to
investigate the effects of the NRFA exercise program.
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