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Abstract

Objectives: In recent years, the Nintendo Wii® (NW) has been widely used
in the field of healthcare. There are studies in literature which have used the
closed source encoded software of NW in the evaluation of balance. However,
the availability of this software is limited in clinical practice. Therefore, in this
study it was aimed to examine the relationship between the results of NW
balance evaluation made without closed source encoded software with the
results of the Kinesthetic Ability Trainer® (KAT) and the Single Leg Stance Test
(SLST).

Materials and Methods: The study included 33 volunteers aged 23.85+4.62
years with a chronic orthopaedic knee joint pathology. The balance of the
participants was evaluated with NW, KAT and SLST.

Results: Asignificant correlation at a low level was seen in only 1 parameter
between the balance results of NW and KAT (p<0.05). No signficant correlation
was observed in the other parameters. A significant relationship was determined
between the double foot NW area, the mediolateral (ML) width, affected side ML
width and weight-bearing asymmetry (WBA) parameters and the SLST results
(p<0.05) at a weak-moderate level (r=-0.38, r=-0.50, r=-0.36, r=-0.38).

Conclusion: In conclusion, NW can be used instead of subjectve tests
such as SLST. However, KAT uses a complex evaluation algorithm and provides
more sensitive results. Therefore, to be able to increase the sensitivity of the
NW balance evaluation system, standardised evaluation procedures should be

developed.
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Introduction

Balance is defined as the ability to hold the centre of body weight
within a support surface [1,2]. There are various methods which can
be used in the evaluation of balance. Each of these evaluates balance
at a different level [3]. The localisation of the centre of weight varies
in different patient groups (lower extremity injuries, osteoarthritis,
patients with total knee prosthesis, stroke etc). This leads to weight-
bearing asymmetry (WBA) [4]. In the evaluation of balance and WBA,
force platforms are accepted as the gold standard. The applicability of
these in clinics is limited as they are expensive and are difficult to
transport from one place to another and then set up. However, as a
low-cost alternative, virtual reality systems may provide rapid, easy,
valid and reliable data in the evaluation of both balance and WBA
[5-10].

The Nintendo Wii® (NW) game console is readily available
compared to laboratory-based virtual reality systems. On the Wii
Balance Board, which is an accessory of NW, there are 4 sensors.
Weight distribution and changes in the pressure centre are determined
through these sensors [11-15]. Compared to other evaluation devices,
the low cost and portable structure are the greatest advantages [6,16-
19]. Studies which have been conducted on balance evaluation with
NW have generally used closed source encoded software. Due to
the difficulty of the availability of this software, the utility of NW

in clinical practice is limited. Therefore, in this study it was aimed
to examine the relationship between the results of NW balance
evaluation made without closed source encoded software with the
results of the Kinesthetic Ability Trainer® (KAT) and the Single Leg
Stance Test (SLST).

Materials and Methods

This study was conducted on volunteer patients in the
Physiotherapy and Rehabilitation Department of Dumlupinar
University, School of Health Science, between June 2015 and
December 2015. Informed consent was obtained from all the
participants before starting the study.

The study enrolled a total of 40 cases diagnosed with a chronic
knee joint problem by an Orthopaedics and Traumatology specialist
(SI). A total of 7 patients were excluded as 5 did not wish to participate
and 2 had additional health problems. Thus the study was completed
with 33 participants with a mean age of 23.85+4.62 years. Approval for
the study was granted by Pamukkale University Non-Interventional
Clinical Research Ethics Committee. The inclusion and exclusion
criteria are presented below:

Study inclusion criteria:

- Having an orthopaedic knee joint pathology for at least 6
months
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Table 1: Characteristics of the patients.

/ Centre of Gravity (COG) Results Variables n X£SD min-max
\ Even something as harmiess |
\ ke T If Age (Year) 33 23.85+4.6 19-36
pain if your posture's bad. © J Height (cm) 33 174.03+7.7 156-190
|| " Weight (kg) 33 72.15+16.6 45-110
\ BMI (kg/m2) 33 23.55+3.7 17.7-30.5
Y \
51.9%) | | Rest Pain (VAS) 33 1.52+1.9 0-6.4
- Activity Pain
Figure 1: Screenshots of weight bearing asymmetry evaluation and area with (VAS) 33 2.53£1.8 0-6.9
NW. Night Pain (VAS) 33 1.97+2.9 0-58.5
Disease Duration
- Aged 19-40 years (Month) 33 32.91+24.2 9-108

- Ambulatory without the use of any assistive device
(crutches, cane etc)

Study exclusion criteria:

- Having an acute phase knee pathology

- Receiving treatment for the knee problem
- Having undergone knee surgery

- Having another health problem which could affect
balance

Evaluation

The evaluations were made a single researcher (CCA).
Sociodemographic information and data of the pathologies of the
participants were recorded in face-to-face interviews. A Visual Analog
Scale (VAS) was used to assess the severity of pain. All the data were
gathered under the same environmental conditions (fixed lighting,
temperature, etc). The evaluations were repeated 3 times on both feet
and on the affected side. For the balance evaluations, the participants
were requested to step on to the platform for each repetition with the
same foot and measurements were made without shoes and wearing
normal daytime clothes. Using the reference points on the KAT and
the Wii Balance Board, the same placements of the feet were achieved.
The balance evaluation methods researched in the study are explained
below.

Balance evaluations

Nintendo Wii® Balance Evaluations: Calibration was made
before the evaluations. The oscillations of the pressure centre and the
WBA were evaluated with the Wii Fit™ balance tests. During the test,
the participants were requested to maintain balance for as long as
possible while looking at a red point 10cm in diameter at a distance of
1.5m. The screen images of the evaluations were recorded by transfer
to the computer with the installation of EasyCAP™, RCA cable and
connectors. These images were standardised with Adobe Photoshop
CS6°. The parameters related to the pressure centre oscillations were
counted 3 times as pixels using the rapid selection tool and were
recorded (Figure 1). The mean of these 3 measurements was used in
the analyses.

Kinesthetic ability trainer® balance evaluations: The balance
of participants was evaluated with KAT (Ts650, SportKAT LLC,
USA). The procedure defined by the manufacturer was used for the
evaluation.

BMI: Body Mass Index; cm: centimeter; kg: kilogram; m: meter; max: maximum;
min: minimum; n: number of case; SD: Standard Deviation; VAS: Visually Analog
Scale; X: average.

Table 2: Descriptive values of the patiens.

Variables n %
Gender
Male 21 63.6
Female 12 34.6

Dominant Lower Extremity

Right 26 78.8

Left 7 21.2
Diagnosis

Meniscopathy 9 27.3

Patellar Tendinitis 6 18.1

PPS 16 48.5

ACL Injury 2 6.1

Affected Side

Right 17 515

Left 16 48.5

ACL: Anterior Cruciate Ligament; n: number of case; PPS: Patellofemoral Pain
Syndrome; %: percent.

Calibration of the platform was made before each measurement.
The balance result, ML and AP rates obtained from the measurements
were recorded. After a review of the consistency of the measurements
in the manner recommended by the manufacturer, the best result was
used in the analyses.

Single leg stance test: For the evaluation of static balance, the
SLST was also used. In this test, the participants were requested to
cross their hands across their shoulders and stand with the knee of
the unaffected side in 90° flexion and hold this posture while looking
at a red point 10cm in diameter at a distance of 1.5m. A chronometer
was started at the moment the foot was raised from the floor and the
period was recorded until the raised foot made contact with the floor
and the position of the weight-bearing foot was changed [20,21].

Statistical analysis

The data obtained in the study were analysed using SPSS 20.0
statistics software. Descriptive data were stated as mean, frequency,
minimum-maximum, standard deviation and percentage values. The
data were analysed with the Spearman test. A value of p<0.05 was
accepted as statistically significant.
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Results

The mean duration of disease was 32.9+24.2 months. The values
related to age, height, body weight, body mass index, and pain levels
at rest, in activity and at night are shown in Table 1 and descriptive
data in Table 2.

The relationship was examined between the NW, KAT and SLST
parameters on both feet. No relationship was observed between
NW and KAT parameters. A significant correlation was determined
between the NW area and the SLST parameter at a weak level (r=-
0.38). A significant relationship was observed at a moderate level
between the ML width parameter and the SLST results (r=-0.50). As a
result, when the area of the NW and ML width parameters decreased,
the time standing on one foot increased. The data ofthese results are
shown in Table 3.

The relationship was examined of the NW, KAT and SLST
parameters of the affected side. A significant correlation at a weak
level was observed between the AP width of NW and the KAT
balance parameter (r=0.39). A significant correlation at a weak level
was observed between the ML width parameter of NW and SLST (r=-
0.36). A significant correlation at a weak level was observed between
the WBA parameter of NW and SLST (r=-0.38). No significant
relationship was determined between the other parameters. The data
of these findings are shown in Table 4.

Discussion

As a result of the study evaluations, while there was a correlation
between NW and KAT in only 1 parameter, there was seen to be a
correlation in several parameters between NW and SLST. Therefore,
NW can be used instead of subjective tests such as SLST. However,
systems such as KAT use complex evaluation algorithms, so to be able
to use NW for balance evaluation in place of systems such as KAT, the
sensitivity must be increased and standardised evaluation procedures
must be developed.

There is a current need for easily accessible, valid and reliable
balance evaluation systems. NW without closed source encoded

software is a method which is readily available with its own evaluation
Table 3: Investigation of the relationship between double-leg KAT, NW and
affected side SLST of the cases.

Double-leg KAT (n=33)
Variables SLST
Balance score ML ratio AP ratio
r 0.07 0.16 0.24 -0.38
Area
& p 0.71 0.38 0.18 0.03
o
g r 0.05 012 | -0.19 | -0.50
;’ ML width
= p 0.77 0.52 0.27 0.00
8 r 0.27 004  -007  -022
@ AP width
-g p 0.13 0.83 0.71 0.21
o
o r 0.24 -0.07 | -0.03 0.09
Weight Bearing Ratio
p 0.18 0.72 0.87 | 0.60
r 0.12 0.01 0.07 1
SLST
p 0.50 0.94 0.71 1

AP: Anterioposterior; KAT: Kinesthetic Ability Trainer®; ML: Mediolateral; n:
number of case; NW: Nintendo Wii®; r: Spearman Correlation Coefficient; p: level
of significance; SLST: Single Leg Stance Test.

Table 4: Examination of the relationship between affected side KAT, NW and
SLST of cases.

Affected side KAT (n=33)
Variables SLST
Balance ML ratio | AP ratio
score
r 0.27 0.31 0.12 -0.25
Area

p 0.17 0.08 0.50 0.17
[0) r -0.05 0.13 -0.13 | -0.36
% A ML width
5% p 0.79 0.47 0.47 | 0.04
TR
g2 r 0.39 0.28 0.24 -0.05
=z AP width
< p 0.02 0.11 019 | 0.78

r 0.06 0.26 0.08 | -0.38

Weight Bearing Ratio
p 0.74 0.15 0.65 0.03
r 0.01 -0.21 0.16 1.00
SLST
p 0.94 0.24 0.39 1

AP: Anterioposterior, KAT: Kinesthetic Ability Trainer®, ML: Mediolateral; n:
number of case; NW: Nintendo Wii®; r: Spearman Correlation Coefficient; p: level
of significance; SLST: Single Leg Stance Test.

results. However, few studies have examined the evaluation results of
NW. In a study of healthy indviduals by Deans in 2011, the screen
images of the NW balance test were placed on a co-ordinated plane
[22]. From there, the data obtained were compared with the force
platform and Biodex Balance System results. With the force platform
results, a relationship was seen only with the ML width parameter.
With the Biodex Balance System, a correlation was reported with the
AP and ML width parameters of NW. To the best of our knowledge,
there is no study in literature which has used the data from the Wii
Balance Board transmitted to a computer rather than the data of the
NW system with closed source encoded software.

In studies conducted on healthy individuals, patients diagnosed
with Parkinson’s disease and children with neurological problems,
high consistency was revealed between Wii Balance Board balance
evaluatons and force platform evaluations [6,11,14,23-26]. In the
WBA evaluation in studies which used similar software in healthy
indvduals and patients who had undergone hip or knee arthroplasty,
consistency was reported between the Wii Balance Board and force
platforms [8,27]. In those studies, only the data obtained from the
Wii Balance Board were used instead of the information from the
NW system. The development of this software is not possible in every
clinic or research centre.

To the best of our knowledge, there is no study which has
examined the correlation between NW and SLST. In the current
study, a weak-moderate level of consistency was observed between
the two balance evaluations. The balance evaluation systems of the
NW and SLST are based on similar parameters. In both tests the main
parameter is defined as the loss of balance while standing on one foot.

The incompatability between NW and KAT revealed by the
results of this study is thought to arise for different reasons. First, the
sensitivity of NW may be less than that of the force platform. In a
study by Bartlett et al (2014) the force platform was reported to be
approximately 8-fold more sensitive than NW [28]. This finding
supports the opinions of the current study. Second, there is no
standardised evaluation procedure for NW as there is in the other
balance evaluation methods used in the current study. NW and KAT
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use different evaluation algorithms. In KAT, evaluation is made on a
pneumatic base and in NW, the base is fixed and hard. This could be
a reason for the low consistency seen. Jorgensen et al (2014) reported
a correlation between parameters obtained from the fixed force
platform and the NW Stillness Test results showing oscillations of the
pressure centre during static standing, which supports the findings of
the current study [29]. Finally, these results may have been due to the
inclusion in the study of participants who were young, had low levels
of pain and long-term disorders. Greater balance problems may be
seen in those with more serious orthopaedic problems and high levels
of pain and the NW evaluation results of these groups may show a
higher level of correlation with other systems.

Conclusion

The results obtained in this study showed no correlation between
the KAT balance evaluation system and the NW without closed
source encoded software. However, there was a correlation in some
parameters between the NW results and the results of SLST, which is
widely used in balance evaluation in clinics and for which validity has
been proven. Although the data obtained from the NW system is not
as sensitive as KAT, they show a similar sensitivity to those of SLST,
which is used in clinics. To be able to increase this sensitivity, there is
a need to establish a standardised evaluation procedure.
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