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Introduction
With the actual aging of the population, falls among the elderly has 

become a major concern. Indeed, more than one third of the elderly 
people fall every year and half of them will fall again during the same 
year [1-3]. In Canada, in the beginning of the century, the expenses 
related to falls were estimated at 2.4 billion dollars, with an estimated 
increase up to 240 billion in 2040 [4].

Falling is a multifactorial situation resulting from the interaction 
between multiple risk factors. Among these factors, some cannot 
be changed while some are modifiable, such as: balance, strength, 
environment, etc. [2]. The latter are the factors which the professionals 
will base their intervention on. A review of the literature about fall 
prevention strategies showed that balance training is the key component 
of an exercise program [5]. A meta-analysis of randomized clinical trials 
(Cochrane Review) showed that exercise programs specifically aiming 
at balance improvement reduced the risk of falling of 25% [6]. Multiple 
conventional and non-conventional rehabilitation approaches exist to 
maintain or improve balance. Examples of non-conventional therapies 
include tango [7], yoga [8-10], and Tai Chi [11-14]. 

More recently, game consoles gain in interest. Indeed, the Nintendo 
Wii® console [15-19] and the Xbox Kinect® console [20-22] are now 
studied as a rehabilitation intervention tool. The main advantages 
of using the Nintendo Wii® and the Xbox Kinect® in rehabilitation is 
the possibility to use them at home, their low cost compared to other 
treatment methods, and their lucrative aspect benefiting compliance 
to treatment [21]. Actually, what differentiates these two video game 
consoles is the way they perceive motion. The Nintendo Wii works 
with a hand-held motion sensor and a force platform called the “Wii 
Balance Board”. The Xbox Kinect, on the other hand, works with 
infrared sensors that capture movements, thus eliminating any risk 

associated with standing on a platform and letting the upper limb free 
for movement.

Up to now, the Nintendo Wii has been well studied among the 
population at risk of falling [16,23]. Results show a tendency towards 
a gain in balance retraining. However, studies pertaining to the Xbox 
Kinect are still lacking regarding the same population [18,20,22]. Based 
on the increase in popularity of the use of Kinect for rehabilitation 
purposes, and with so few studies published to date, the objective of 
this study is to determine if the Xbox Kinect could enhance balance 
among an elderly population at risk of falling. 

Method
Design

A multiple-case study design was retained in this pilot project. 
Measurement times were conducted at baseline (T0) and at the end 
of the 10-week Kinect intervention (T1). The evaluation was done by 
research agents who received a standardized training on measurement 
tools used in the study (Figure 1).
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Participants and Recruitment Procedures
The studied population consisted of adults older than 65 years 

old with balance problems, admitted to the geriatric day hospital of 
the Centre de Santé et de Services Sociaux – Institut Universitaire de 
Gériatrie de Sherbrooke (CSSS-IUGS). Convenience sampling was 
used. Inclusion criteria were to have: 1) a BBS score between 41-52/56 
or a fall during the last 6 months, and 2) a Modified Mini-Mental 
State (3MS) score > 65/100. Patients were excluded if they had: 1) a 
medical contraindication to physical activity, or 2) a physical or mental 
incapacity limiting participation. All participants were recruited by 
the treating doctors at the geriatric day hospital. After confirming 
admissibility of a patient and getting his/her approval to be contacted 
by a member of the research team, the study was explained to the 
potential participants and he/she was asked to sign the ethics form 
approved by the Ethics Committee of the Research Center on Aging 
of the CSSS-IUGS.

Intervention

The intervention consisted of a 10-week program, with bi-weekly 
individual sessions of 30 minutes, supervised by a physical therapist 
at the day hospital based at the CSSS-IUGS. The specific balance 
training with the Kinect console was added to every participant’s 
multidisciplinary treatments. A specific progression in the difficulty 
level of the games over the 10 weeks was determined by the physical 
therapist to consistently challenge the participant’s balance to allow 
improvement. An explanation on how the Xbox Kinect works and the 
goal of the individual games was given to every participant to assure 
their complete comprehension. An individual approach was used in 
order to adapt the program to every participant’s condition and to 
assure security (e.g. small parallel bars and balance belt were available 
if necessary).

The Kinect intervention included the following Kinect games: 1) 
Kinect Sports, 2) Kinect Adventures, 3) Your Shape Fitness Evolved, 
and 4) Carnival (Table 1). These allowed a combination of specific 
movements of the body, weight transfers and direction changes. These 
games were chosen to stimulate the different physical components used 
to improve balance. A 20-session sequence of gaming was established 
to help the therapist assure a controlled progression. At any time, 
for a safety concern, the therapist was allowed to modify the session 
scheduled to fit the participant’s capacities (Table 1). 

Outcome measures

Balance was evaluated using the Berg Balance Scale (BBS) [24], 
composed of 14 functional tasks. A 5-point Likert scale (0-4) was used 
for every task, for a total of 56 points. Walking was evaluated with the 
Timed Up and Go (TUG) [25]. This test assesses mobility and more 
specifically the sitting to standing transfer as well as direction changes 

that require balance abilities. The participant has to stand up from a 
chair, walk for 3 m, turn around and walk back to the chair to his/her 
original sitting position. The walking speed was also measured, where 
the participants were asked to walk as fast and comfortable as they 
could in a safe manner, on a distance of five meters, with their walking 
aid if applicable. The time to cross this distance was noted in seconds. 
Global strength in the lower limbs was evaluated with the Sit to Stand 
Test (STS) [26,27]. The total time taken by the participant to make five 
successive repetitions of sitting to standing was noted. 

The French version of the Activity-Specific Balance Confidence 
Scale (ABC scale) [28] was used to measure the fear of falling. This 
questionnaire contained 15 questions with an activity continuum from 
« not at all confident » to « very confident ». Therefore, each activity 
was marked from 0 to 3 according to this continuum for a maximum 
of 45 points. The score was then converted into a percentage on a scale 
of 100%. The 16th item of the French version of the questionnaire was 
eliminated to conform to the English version.

The satisfaction of the participants toward the study was objectivised 
by the scale of the modified version of Quebec User Evaluation of 
Satisfaction with Assistive Technology (modified QUEST) [29,30]. The 
original scale was used to evaluate the satisfaction toward the use of a 
walking aid and the appreciation of specific characteristics of the aid. 
A new version of the scale was adapted to determine the satisfaction of 
the patient toward the research project. The modified version consisted 
of three scales evaluating: 1) the satisfaction related to the technology, 
2) the intervention, and 3) the services received. The scores of the scales 
were on 15 points, 30 points and 10 points, respectively, with a total 
score on 55 points.

Results
Description of the sample

Four participants were admitted in the study, but only three 
participants (n=3) completed the intervention session. The one that 
withdrew from the study during the intervention did so because she 
felt the use of the Kinect console was too difficult (Table 2).

Figure 1: Multiple-case study design.
 

Day Hospital Admission
and reference to project

T0 Evaluation T1 Evaluation

0 - 14 days Kinect  Intervention

10 weeks

Kinect games Specific games

Kinect Sports

Bowling
Boxing
Table Tennis
Soccer
Track and Field

Kinect Adventures 20 000 leaks (all levels)
Space Pop

Your Shape Fitness Evolved

Cardio boxing
Stack ‘em up (levels 1, 2)
Wallbreaker
Light Race
Zen (yoga)

Carnival

Gold Rush Mountain
Funnel Cakes Fall
Alley Ball
Knockout Punch

Table 1: Kinect games used in the study.

Characteristics Participant 1 Participant 2 Participant 3
Gender Woman Woman Woman

Age (years) 82 80 92
Dominance Right Right Right
Living alone Yes Yes Yes

Number of fall in the last 6 months 3 4 1

Table 2: Characteristics of the participants.
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Physical outcomes

The results for the Berg Balance Scale (/56) showed a tendency 
towards improvement, as well as the Timed Up and Go Test (seconds) 
varying between 0.6s and 14.6s. The STS (seconds) showed an 
improvement of less or equal to five seconds for two of the participants, 
while the other did not change her performance. Walking speed 
(seconds) stayed the same after the intervention for every participant 
(Table 3).

Psychological outcomes

For the psychological variable, the modified QUEST (/55) 
showed a very high satisfaction of the participants toward the study. 
Only participant 3 seemed to have less appreciation regarding the 
intervention (Table 4).

Discussion
The aim of this pilot study was to determine if the Xbox Kinect® 

could be an alternative intervention in balance rehabilitation in the 
elderly population. The results showed that using video games could be 
a useful tool to improve balance. 

These results are similar to other studies’ results, such as the 
one conducted by Lai  et al. (2013) [31], which demonstrated that 
using an interactive video-game based program (XaviX port) could 
improve balance in community living elderly. Lai et al. demonstrated 
improvement in the BBS and the TUG after an 18-session intervention. 
This is in accordance with the results obtained in the present study. 
More precisely, all of the participants showed clinically significant 
improvement of BBS after the intervention, demonstrating the positive 
effect of the intervention on balance. 

These improvements led to the attainment of the threshold 
(score< 45) associated with a low risk of falling in activities of daily 
living [32] for two of the three participants (participants 1 and 2). 
The achievement of such an improvement in balance is the goal of 
a successful rehabilitation intervention. For the other participant 
(participant 3), there was an improvement of 3 points in the BBS score, 
but this was not enough to reach the threshold associated to lower 

risk of falling. This result can be explained by the facts that the initial 
balance performance of participant 3 was a lot lower than the other 
participants (score of 26 vs. 43), she was older (92 vs. < 82 years old) 
and her satisfaction about the intervention lower. Our hypothesis for 
the lack of improvement for participant 3 is that she took 13 weeks 
to complete 17 sessions instead of the 10 weeks initially planned to 
complete 20 sessions because of a lack of attendance and motivation 
to complete all of the sessions. This lack of compliance most likely 
impeded on the intervention’s efficacy. It is recognised that motivation 
towards exercises is related to better performance [33-35].

For the TUG, participant 1 showed no improvement in her 
performance. However, she was not at risk at T0 with a score below 
12s [36], leading to a decreased probability of improvement after the 
intervention. Unlike participant 1, participants 2 and 3 showed a poor 
performance at T0 and improved drastically their performance at T1 
(Δ = 14.6 and 7.0, respectively). These differences are higher than the 
error that is associated to the standard error of measurement, which 
is 5.5% [37]. However, none of them reached the threshold associated 
with a decreased risk of falling (score < 12s) [36]. Based on these results, 
it seems that balance (BBS score) is not directly related to sitting to 
standing transfer, walking abilities and direction changes (TUG score).

There was improvement in the STS test for two participants (Δ = 
3.6 and 4.6 for participant 1 and 2, respectively), but not for participant 
3. The differences obtained were not associated to the standard error 
measurement set at 6.3% [38]. However, all participants were over the 
optimal cut-off of 15 s, both at T0 and T1. Our results are similar to 
the study conducted by Kim et al. [39] using the Xbox Kinect. Indeed, 
by doing the Kinect program, the participants had to somewhat stand 
for a long period of time which can increase the strength of their lower 
limbs.

The walking speed of all participants showed some small 
improvement after the intervention (Δ between 0.1 and 0.3). Even if the 
differences are smalls, they are still meaningful as they at least reached 
the minimum meaningful change in walking speed of approximately 
0.1 m/s [40]. Moreover, participants 2 and 3 were below the cut off of 
0.7 m/s, which put them in the “at risk of fall” category. It seems that 
the Kinect does not have a really strong effect on walking speed, which 
is not surprising because the Kinect games do not work on this specific 
task. However, it was interesting to evaluate that outcome even though 
our intervention did not specifically work on the capacity of walking 
because it could have been improved by some indirect effects. 

As we can see with the ABC Scale, participants who presented fear 
of falling at T0 (participant 1 and 3) improved their score after the 
intervention. No clinical change occurred with the participant 2 [41], 
but he presented only a slight fear of falling at the beginning, leading to 
poor probability of significant change.

The satisfaction of the participants toward the study evaluated by 
the modified QUEST was good in all three sections of the questionnaire: 
technology, intervention and services. The participant 1 was more 
satisfied toward the study than participant 2 who was more satisfied 
than participant 3. 

What cognitive ability is necessary to use the Kinect as a balance 
intervention? The participant who did not completed the 10-week 
Kinect intervention seemed to have cognitive and comprehension 
difficulties that could have impeded the intervention sessions with the 
Kinect®. Based on this information, the Xbox Kinect could be of better 
use in rehabilitation with a population that has a minimum of cognition 
and comprehension to understand the tasks and that has enough 

Outcomes Instrument 
tool

Participant 
1 Participant 2 Participant 3

T0 T1 T0 T1 T0 T1

P
hy

si
ca

l

Balance
Berg Balance 
Scale (BBS) 

(/56)
43 50 43 47 26 29

Global mobility Timed up and 
go (TUG) (s) 11.7 11.1 30.0 15.4 29.0 22.0

Global Lower 
Limb Strength

Sit to Stand 
(STS) (s) 22.1 18.5 50.9 46.3 24.0 24.0

Walking speed Walking speed 
(5m) (m/s) 1.2 1.3 0.5 0.8 0.6 0.7

B
eh

av
io

ra
l

Fear of falling ABC scale 
(/100%) 46.6 71.1 71.1 73.3 44.4 53.3

Table 3: Results for physical, behavioral and compartmental outcomes.

Modified ÉSAT scales Participant 1 Participant 2 Participant 3
Technologie (/15) 15 13 13
Intervention (/30) 28 29 24

Services (/10) 10 8 8
Total score (/55) 53 50 45

Table 4:  Satisfaction of participants concerning their experience (T1).
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physical skills to apply the tasks used in the game console. Motivation 
and adherence to treatment would therefore also be improved.

Internal validity must be discussed. Indeed, selection biases 
cannot be excluded. The small sample number and recruitment by the 
rehabilitation team may have led to the selection of only those who 
present the best potential to improve. Moreover, the persons may 
have accepted to participate because they are more open to computer 
technology and video games.

Information bias does not seem to be an issue. Indeed, choice of 
valid and reliable tests and standardization of the assessors led to a 
decrease of this type of bias. The strengths of our study were that the 
20-session program was standardized so exercises done over time were 
not influenced by the patient’s or the therapist’s preferences. Therapists 
assessing and treating the participants were not the same. Participants 
also appreciated the experience as detailed above. 

However, many limits were found in this study. First, there was 
no control group and the sample was small (n=3). We cannot say if 
improvements shown in our pilot study are related to the intervention 
or happened because of chance or natural recovery. Therefore, they 
cannot be generalized to our population. Cognitive impairments were 
the most frequent reason why patients were not referred or included in 
the study, regardless of the 3MS score threshold (23/30). Although the 
program was standardized, factors inherent to a clinical setting such as 
individual differences, limitations and pain forced minor modifications 
along the 10-week program. One confounding bias is that some patients 
also received occupational therapy consisting partially of balance 
physical therapy-like interventions, thus influencing our results. Also, 
considering the interrater reliability of the measurement tools, the 
fact that various evaluators assessed the participants at both T0 and 
T1 may have influenced our results, but this bias was attenuated by a 
standardized training given to all the evaluators. 

Conclusion
Overall, our study has contributed to expanding the knowledge 

about the possible use of the Xbox Kinect as a new rehabilitation tool 
for balance deficits, especially in a home setting. In a society where 
the access time to a rehabilitation program is in constant increase 
and with an aging population at risk of falling we can see the benefits 
in the future of a Kinect home-based program to improve balance. 
Nevertheless, further research is indicated to enhance the current 
literature, especially among a larger population who suffers little 
cognitive impairment, as it was one of our main limits. Comparing 
traditional treatments with or without adding extra Kinect training 
sessions would be very interesting, being that it may be a good addition 
to the treatment for balance or fall prevention. 
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