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Abstract—Persons with dementia (PWD) are known to have
difficulty with participation and focus during physical activity.
Virtual reality (VR) offers a unique medium for motor learning
but has only been used previously for cognitive assessment for
PWD. Our study had two objectives: (1) investigate the feasi-
bility and safety of an exercise-based VR training program in
PWD, and (2) investigate its effects on balance and mobility.
The intervention consisted of daily (5 d/wk, 1 h each) VR train-
ing sessions for 2 wk for a single research participant. Clinical
balance and mobility measures were assessed 1 wk prior to,
during, 1 wk following, and 1 mo after the intervention. Postint-
ervention interviews provided qualitative feedback from the
participant and his caregivers. Results indicate that VR training
is feasible, safe, and enjoyable for PWD. However, balance and
mobility measures were unaffected. VR training is well toler-
ated in a single research participant with dementia and is an
engaging medium for participation in exercise.

Key words: balance, dementia, exercise, games, intervention,
rehabilitation, single-subject design, training, virtual reality,
walking.

INTRODUCTION

Dementia is a growing healthcare concern. The 2012
World Health Organization report on dementia estimated
a worldwide prevalence of persons with dementia (PWD)
at 35.6 million. This number is expected to double by
2030 and more than triple by 2050. Exercise has been
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shown to be physically and cognitively beneficial for
numerous populations, including those with dementia. A
recent systematic review on physical activity for PWD
reported randomized controlled trials that assessed a
wide range of exercise interventions including aerobics,
stretching, and strengthening [1]. Selected outcomes of
these trials included improved walking speed [2],
improved strength and flexibility [3], and improved per-
formance on the Timed “Up and Go” test (TUG) [4].
Virtual reality (VR) training has been shown to be an
effective, motivating, and safe training tool when used
alone or as an adjunct to conventional rehabilitation. Sev-
eral studies have found objective improvements in clini-
cal balance and mobility outcome measures in a variety
of populations [5-8]. VR study protocols involve the
adjustment of VR training parameters in order to meet
the changing needs and rehabilitation goals of each
individual patient. Task difficulty should reflect the skill

Abbreviations: BBS = Berg Balance Scale, IREX = interac-
tive rehabilitation exercise, OSSm = modified Ottawa Sitting
Scale, PWD = persons with dementia, SD = standard deviation,
TMWT = Two-Minute Walk Test, TUG = Timed “Up and Go”
test, VR = virtual reality.
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level of the performer [9] in order to maximize perfor-
mance outcome. Therefore, close monitoring of task dif-
ficulty while a patient is engaged in a stimulating
environment will help ensure an appropriate level of
challenge while maintaining engagement, motivation,
and enjoyment. VR training is particularly well suited to
allow such a versatile and engaging environment [10].

VR technology has been used with PWD for cogni-
tive assessments [11] and cognitive training [12]. Multi-
ple studies found that using virtual environments is
feasible with PWD without problems of cybersickness or
disorientation (e.g., Flynn et al. [13]). PWD are known to
experience balance and mobility issues [14], and since
previous studies have reported improvements in balance
and mobility in other populations following an intensive
VR training program, similar results could be expected in
the PWD population. Because PWD can experience diffi-
culty with exercise program adherence [15], the engaging
and motivating nature of VR training may help alleviate
this problem. The purpose of this study was to provide
initial evidence (case study) of the effect of an intensive
VR training program on balance and mobility in a vet-
eran with dementia.

The study was conducted on an outpatient basis over
an 8 wk period. Because it was unknown whether this
methodology and protocol would be feasible for an out-
patient client with dementia and his caregivers, this case
study had two objectives: (1) to explore the feasibility
and safety of an intensive, outpatient-based, VR training
exercise program for a veteran with dementia and (2) to
assess the effects of VR training on balance and mobility
in this individual.

METHODS

Participant

Mr. YZ is a 78 yr old, right-handed veteran who met
the criteria for vascular dementia. His score on the Mon-
treal Cognitive Assessment [16], a well-accepted screen-
ing test of cognition, was 12/30 (less than 26 is abnormal;
12 is extremely low). At the time of the study, Mr. YZ was
taking daily doses of acetylsalicylic acid (81 mg) in addi-
tion to Aricept via a patch. Bilateral subcortical microvas-
cular disease was noted on brain imaging. Two years prior
to his entry into this study, he presented with a right corti-
cal ischemic stroke affecting his right occipital lobe. He
had no known stroke risk factors.

Physical examination revealed a left visual field defi-
cit. Mr. YZ ambulated independently with occasional
handheld guidance for cueing. He intermittently com-
plained of right tibiofemoral joint pain. However, no pal-
pable warmth, erythema, or limited range of motion were
noted on assessment. He demonstrated full range of
motion and strength within normal limits for his age in
both upper limbs. His scores for arm, leg, and posture
subscales of the Chedoke-McMaster Stroke Assessment,
a reliable and valid measure used to assess physical
impairment and disability in clients with stroke and other
neurological impairment [17], were 6, 5, and 5, respec-
tively, and were used as standard measures of his func-
tional status. Each dimension is measured on a 7-point
scale ranging from 1 (total assistance) to 7 (safely inde-
pendent). His scores indicate he requires supervision.

Research Design

A single-subject design was used to identify changes
in balance and functioning during, immediately follow-
ing, and 1 mo after a daily, 2 wk long VR training pro-
gram (Table). The participant’s power of attorney
provided written informed consent in accordance with
the research ethics board at the Bruyére Research Insti-
tute. Mr. YZ was accompanied at all sessions by one of
his permanent caregivers.

Table.
[llustration of timing of outcome assessments.
Phase Frequency/Duration Tests

Preintervention 3 sessions in 1 wk BBS
TUG
TMWT
OSSm

Intervention 5 times per week for 2 wk BBS
TMWT

Postintervention 3 sessions in 1 wk BBS
TUG
TMWT
OSSm

1 mo Follow-Up 1 session BBS
TUG
TMWT
OSSm

BBS = Berg Balance Scale (score out of 56; lower scores indicate lower func-
tion), OSSm = modified Ottawa Sitting Scale (score out of 24; lower score
indicates lower function), TUG = Timed “Up and Go” test (lower score indica-
ties better mobility), TMWT = Two-Minute Walk Test (maximum distance
walked in 2 min; higher scores indicate higher function).
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Intervention

The VR intervention was delivered using the interac-
tive rehabilitation exercise (IREX) software (GestureTek;
Toronto, Canada), which involves the use of green screen
technology. Mr. YZ stood in front of a 50 in. television
located 10 ft away that displayed his image with the use
of a camera, immersed in five different virtual environ-
ments in which he interacted with virtual objects
(Appendix, available online only). The applications were
chosen to train his standing balance and were adminis-
tered in the same order each day. Each session lasted
approximately 1 h with an average of 25 min of VR exer-
cise time. The remaining time was spent resting and
explaining how to play the upcoming game.

Because of the progressive nature of training pro-
grams, a baseline soccer game with a consistent difficulty
level allowed for assessment of improvements with inter-
acting with the VR system. Mr. YZ thus completed 1 min
of a standardized soccer application at the beginning of
each training session. The scores on this baseline game
provided an overall skill evaluation. On the soccer goal-
tending application, balls saved on the right and left sides
were counted to determine the effect of Mr. YZ’s visual
field deficit on his performance and to assess any related
performance changes as the training progressed.

In order to ensure safety from falls or stumbles, Mr.
YZ wore a physiotherapy belt and was monitored during
all sessions by a registered kinesiologist. The VR appli-
cations were selected in order to elicit specific move-
ments that would challenge balance, including reaching
beyond arm’s length, weight shifting, and lateral step-
ping. Rest was given as needed to prevent fatigue and to
retain focus.

Feasibility

To the best of our knowledge, this is the first imple-
mentation of a VR exercise training protocol with a per-
son with dementia. Therefore, factors that facilitated or
hindered feasibility were identified through interviews
with caregivers following each session and at the end of
the intervention trial. Positive events during training as
well as intervention-related adverse events were also
documented.

Open-ended interview questions prepared by the
research team were used to obtain feedback from the
family and care providers regarding the safety and use-
fulness of the intervention as well as their perception of
Mr. YZ’s enjoyment during the VR sessions. The exit
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interview was conducted by a third party who was unin-
volved with the research project. Responses were
recorded and transcribed for extraction of major themes.

Clinical Outcome Measures

Four clinical outcome measures, TUG [18], Berg
Balance Scale (BBS) [19], a modified Ottawa Sitting
Scale (OSSm) [20], and the Two-Minute Walk Test
(TMWT) [21], were used to measure functional balance
and motor performance.

The BBS is a 14-item validated standardized test with
a maximum score of 56. It measures static, dynamic,
adaptive, and anticipatory components of balance [22].
Community-dwelling elderly people and PWD have been
reported to score 54.0 = 3.0 [23] and 47.5 £ 16.9 [24],
respectively. The TUG is a validated test of functional
movement requiring rising from a chair, walking 3 m,
negotiating a turn, and returning to sit back in the chair. It
is reliable for use with people with dementia with scores
ranging from 17.1 to 24.7 s [25-26]. A score of 13.5 s or
more has been shown to indicate a high risk of falls in
community-dwelling older adults [27]. Functional endur-
ance measured with the TMWT documented the maxi-
mum distance Mr. YZ could safely walk in 2 min. The
mean distance recorded for PWD in respite care is 32.2 +
15.7 m [28] and for retirement home dwelling older adults
is 150.4 £ 23.1 m [29]. The OSSm, with six tasks graded
on a scale of 1 to 4 for a maximum score of 24, was used
as an indicator of static and dynamic sitting balance.

All measures were recorded on Monday, Wednesday,
and Friday during the week prior to and the week follow-
ing the VR training sessions as well as once at the 1 mo
follow-up (Table). Also, each day immediately before
completing the VR training session, Mr. YZ performed
the BBS and the TMWT. All clinical outcome measures
were administered by the same experienced registered
physiotherapist.

Analysis

When appropriate, means and standard deviations
(SDs) as well as individual scores are reported and
describe performance in outcome measures. Statistical
analysis using the 2-SD band method [30] was performed
for both the BBS and the TMWT. Results are considered
to be statistically significant if two consecutive data
points are outside the 2-SD band. If the values at follow-
up remained outside the 2-SD band, significance was
considered to be maintained.
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RESULTS

Qualitative Results

Mr. YZ attended all VR training sessions and was
always a cooperative participant. He was able to com-
plete the entire game set in each session provided he had
sufficient rest between the applications. He did not expe-
rience any negative effects of the VR such as cybersick-
ness, dizziness, loss of balance, or falls. Mr. YZ
intermittently understood the information provided about
the nature of VR, the equipment setup, and his role in
playing the VR applications. He followed instructions
within the limits of his concentration abilities throughout
the exercise sessions.

Difficulties encountered with implementing VR
training with Mr. YZ arose from his memory deficits and
his difficulty concentrating on the tasks at hand. He fre-
quently did not remember what applications he had com-
pleted in earlier sessions, and thus daily instructions were
required and there was no opportunity to progress task
complexity. Mr. YZ would often stop in the middle of an
application because he was distracted. He was not always
actively engaged and thus could not always provide a full
effort during the training. His visual field deficit was
manifested by a frequent inability to attend to activities
occurring on his left side.

During a postintervention interview with his caregiv-
ers, family members reported Mr. YZ had greater con-
centration when performing activities at home such as
dressing in the morning, with less time required on train-
ing days. Family members noted relatively higher levels
of physical activity, and this gave them confidence to
encourage Mr. YZ to perform other physical activities at
home. More energy and interest in doing physical activi-
ties throughout the day, for example walking the dog,
were also commented upon. The family also reported Mr.
YZ was more engaged in the VR games than during his
home exercises.

Quantitative Results

Clinical Outcome Measures

No changes were found in the clinical measures of
balance and mobility for the BBS, TMWT, or OSSm.

BBS scores (Figure 1(a)) fluctuated from an average
of 50.0 = 1.0 (pre-VR) to 48.6 + 2.3 (post-VR) and 50.0
(no SD because only 1 measure) (1 mo follow-up).
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Figure 1.
Visual representation of (a) Berg Balance Scale and (b) Two-

Minute Walk Test. Solid horizontal lines indicate +2 standard
deviations from the mean of pre-VR scores. Berg Balance
Scale is score out of 56; lower scores indicate lower function.
Normative value for age-matched controls is 53/56 [31]. Two-
Minute Walk Test is maximum distance walked in 2 min; higher
scores indicate higher function. Normative value for age
matched controls (70-79 yr) is 191.5 m [32]. VR = virtual reality.

The average distances covered in the TMWT (Figure
1(b)) were 115.1 = 14.5 m (pre-VR), 1229 + 10.5 m
(intervention phase), 99.6 = 18.3 m (post-VR), and
135.5 m (1 mo follow-up). There were no significant dif-
ferences between the preintervention, postintervention,
and 1 mo follow-up measurements.

There was a marked decline in both the BBS and
TMWT scores on the first post-VR session (session 14).
Session 14 was done on a Monday morning. The partici-
pant had been busy with family outings over the weekend
and was complaining about right knee pain at the start of
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session 14. This may have decreased his gait speed and
weight-bearing ability, lowering his scores on the BBS and
the TMWT distance on this particular day.

Visual analysis of the TUG (Figure 2) indicated a sig-
nificant change between the postintervention and the 1 mo
follow-up assessments. At the pre- and postintervention,
scores were respectively 26.3 s and 28.7 s, while at 1 mo
follow-up, the mean time improved to 14.3 s. The OSSm
scores (Figure 2) did not change during the study.

Performance Outcome Measures

Data from the baseline soccer application played at
the beginning of every session show that Mr. YZ was
able to learn and improve on the VR applications (Figure
3). Comparing the first five with the last five sessions,
there was an increased number of saves on his left side,
the side with the visual field deficit. There was no change
in the number of saves on his right side.

DISCUSSION

This study investigated the feasibility, safety, and
effectiveness of an intensive 10-session VR intervention
program for an individual with dementia. Our results sug-
gest that VR is a feasible and safe activity for PWD. Sig-
nificant objective improvements in the clinical measures
of balance and mobility were not found, but postinterven-
tion interviews with the participant and his caregiver
revealed that the intervention was an enjoyable experi-
ence, which seemed to have a motivating effect on his
participation in activities at home.

VR training was shown to be feasible since Mr. YZ
attended every session and participated in the full train-
ing session without any adverse events (falls, dizziness,
cybersickness, etc.). However, Mr. YZ demonstrated fre-
quent limitations in concentration and occasionally for-
got how to play the games. These factors made it difficult
to confidently progress the level of difficulty of the
games in order to ensure an adequate effort level to allow
for measurable performance improvements. Ideally, any
future modifications to the games of the IREX or any
other VR system should allow for adjustments of game
parameters to meet the attention requirements of a client
with dementia or other cognitive/attentional impairments.

This study was conducted on an “outpatient” basis,
but not within an outpatient physiotherapy setting. From a
health professional human resource perspective, the fre-
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test, and 1 mo follow-up only. Bars represent standard deviation.
Absence of standard deviation bar in posttest modified Ottawa
Sitting Scale (OSSm) is due to same score at all three posttest
sessions, while 1 mo follow-up measures for OSSm and Timed
“Up and Go” test (TUG) are from single test session. No norma-
tive values available for OSSm. Normative value for nondis-
abled age-matched controls on TUG is 8.39 + 1.36 s [33].
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Figure 3.

Scores in soccer baseline set. Same 60 s application with 20
total soccer balls was used prior to every virtual reality training
session.

quency of appointments required by this type of intensive
VR exercise training program could be a challenge.
Because of the frequency of the appointments (daily) over
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a relatively short period of time (2 wk), suitable staffing
support should be considered when planning future VR
intervention programs with a larger sample size.

Although this 2 wk intensive VR training program
was shown to be feasible, it was not effective in improv-
ing clinical balance and mobility for Mr. YZ. Compared
with nondisabled individuals of similar age, Mr. YZ’s
clinical measures were impaired at baseline and thus
there was potential for improvements with intervention.
Although the TUG did show significant improvement
between postintervention and 1 mo follow-up, there was
no improvement between the pre-post time points,
suggesting the improvement may not be directly due to
the intervention. The lack of intervention-dependent
improvements (pre-post comparisons) in the clinical
measures likely reflects a confounding effect of the cog-
nitive impairment on motor function. For example, Mr.
YZ often did not use the full range of his arm movements
or challenge his base of support by leaning or stepping
despite repeated encouragement and demonstrations. He
also appeared to forget how to play the games in between
sessions, and attempts to achieve “just right” challenge
[9] proved difficult. The 1 mo improvement in the TUG
may be an indirect effect of the VR intervention. Specifi-
cally, the care providers indicated that witnessing Mr.
YZ’s performance in the VR environment facilitated their
encouragement for activity at home. Mr. YZ did, how-
ever, improve his task performance in the virtual soccer
application. The decrease in the number of goals, particu-
larly on the left side, indicates that he was able to learn
the game, as indicated by a decreased need for instruc-
tions. The participant had left visual field deficits. We
speculate that game participation increased scanning
ability to the left, leading to a decrease in the number of
goals on the left (Figure 3).

CONCLUSIONS

VR exercise using the IREX system was found to be
an enjoyable, safe, and feasible intervention for a single
research participant with dementia. Physical benefits
from training were reported from family members,
including increased reports of energy and more involve-
ment in activities of daily living at home. However,
objective clinical measures of balance and mobility failed
to demonstrate significant improvements following this
short intervention. The VR technology was able to

encourage activity in our study participant (despite his
low cognition) and he was able to succeed at the VR
games. These observations suggest that VR game play
provides an opportunity to increase leisure activity and
challenge cognitive skills; aspects that should be
explored in greater detail. Finally, although we failed to
see any improvements on physical outcome measures,
future studies are required to assess whether intervention
programs with longer exposure and at higher intensity are
feasible with PWD and whether they would result in
measurable improvement on game scores (€.g., soccer) as
well as balance and mobility outcomes.
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