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Abstract.
BACKGROUND AND OBJECTIVES: Balance training is an effective intervention to improve static postural sway and bal-
ance. The purpose of the present study was to investigate the effectiveness of the Nintendo Wii Fit Plus exercises for improving
balance ability in healthy collegiate students in comparison with a typical balance training program.
METHODS: Forty students were randomly divided into two groups, a traditional (T group) and a Nintendo Wii group (W group)
performed an 8 week balance program. The “W group” used the interactive games as a training method, while the “T group” used
an exercise program with mini trampoline and inflatable discs (BOSU). Pre and Post-training participants completed balance
assessments.
RESULTS: Two-way repeated measures analyses of variance (ANOVAs) were conducted to determine the effect of training
program. Analysis of the data illustrated that both training program groups demonstrated an improvement in Total, Anterior-
posterior and Medial Lateral Stability Index scores for both limbs. Only at the test performed in the balance board with anterior-
posterior motion, the improvement in balance ability was greater in the “T group” than the “W group”, when the assessment was
performed post-training (p = 0.023).
CONCLUSIONS: Findings support the effectiveness of using the Nintendo Wii gaming console as a balance training interven-
tion tool.
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1. Introduction

Poor balance or otherwise postural control is associ-
ated with injury or falls in many populations and con-
sequently is considered to be a critical component of
common motor skills [1–3]. Balance is generally de-
fined as the ability to maintain the body’s center of
gravity within its base of support and can be catego-
rized as either static or dynamic balance. Static balance
is the ability to sustain the body in static equilibrium
or within its base of support [4,5]. Dynamic balance is
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believed to be more challenging because it requires the
ability to maintain equilibrium during a transition from
a dynamic to a static state [6]. Both static and dynamic
balance require effective integration of visual, vestibu-
lar, and proprioceptive inputs to produce an efferent re-
sponse to control the body within its base of support [7,
8].

An interruption or deficit in any part of the sensori-
motor system can result in a loss of balance, which can
result in injury. Balance training is an effective inter-
vention to improve static postural sway and dynamic
balance in both athletes and non-athletes [9]. Impro-
ving balance with training in a healthy population has
positive effects on reducing injury. Balance training
has decreased the rates of ankle sprains [10,11], as well
as overall lower extremity injury rates [12,13] in seve-
ral types of athletes. Unstable surface types of equip-
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ment such as wobble board, foam rollers, Swiss balls
and balance discs have traditionally been used in the
rehabilitative and preventive setting [14–18].

Although it may seem commonplace, the impor-
tance of addressing proprioception and postural control
in either fitness or rehabilitation training is still a rela-
tively new concept and current research is ongoing [19,
20]. Furthermore, the increased interest in these ar-
eas has led to advances in proprioception and balance
training equipment, and more of this equipment is be-
ing used [20–22]. Various balance platform systems
have been created to increase proprioception in injured
patients [20–22]. Subsequently, more advanced com-
puterized mechanical platforms have been designed to
challenge both the muscular and visual systems in re-
sponse to calculated perturbations [20].

Active video games or exergames are becoming in-
creasingly popular among children and adoles-
cents [23,24] due to the low cost, independence and
ease of use in the home. As an alternative, one such
system that is increasing in popularity for use in fit-
ness and balance training is the Nintendo Wii Fit (Nin-
tendo of America, Redmond, WA, USA), a commer-
cially available gaming system. Recently, Wii Fit train-
ing has received significant attention by healthcare pro-
fessionals as an individual training tool [25,26]. Wii-
Fit Plus is one of the Nintendo Wii games that is played
using a special Wii balance board in order to perform
activities like yoga, jogging and aerobics [27]. Also,
it includes training games (e.g. ski slalom, ski jump,
table tilt) requiring from the player to perform well-
controlled movement [28].

Studies in the literature seem to indicate that Nin-
tendo Wii gaming console was effective in improving
the overall balance abilities of learners [26,29]. How-
ever, there are other studies in the literature with mixed
results regarding the comparison of the two different
training methods (Traditional and Nintendo Wii) [30,
31].

More specifically, Kliem and Wiemeyer [30] com-
pared the efficiency of traditional and exergame-based
balance training programs. Participants were randomly
assigned to two experimental groups: one group un-
derwent a traditional training program, while the other
group trained using the Nintendo Wii Fit Balance
Board. Between pre and post-test procedures, training
sessions were performed three times a week for three
weeks. The results indicated that the traditional group
had a significantly greater improvement in balance
test (Star Excursion Balance Test) and ball-handling,
whereas the Wii group showed a significantly greater
improvement in Ski Slalom.

Similarly, Brumels et al. [31] examined the impact
of video games on balance performance by comparing
three training programs: Konami’s Dance Revolution
(DDR), the Wii Fit game collection including the Wii
Fit Balance Board and a traditional balance training
program. Before and after the treatments the balance
performance of subjects was assessed using the Star
Excursion Balance Test (SEBT) and a single leg stance
on a force plate. Participants exercised three days a
week for four weeks. The results showed on the one
hand a significant reduction of postural sway for aver-
age displacement and average deviation on the y-axis
in the DDR_ group, while only significant average de-
viation improvements were observed in the Wii group.
On the other hand, the traditional group improved sig-
nificantly in the SEBT. No pre to post-test improve-
ments were observed in postural sway for the tradi-
tional balance group.

Considering the mixed results regarding the compar-
ison of the two different training methods (Traditional
and Nintendo Wii), the low cost, simplicity and avail-
ability of the Wii Fit system, it would be even more
desirable for use as a training tool if it can be shown to
have a positive effect on balance control. Thus, the pur-
pose of the present study was to investigate the effec-
tiveness of the Nintendo Wii Fit Plus exercises for im-
proving balance ability in healthy collegiate students
in comparison with a typical balance training program.

2. Methods

The study was conducted on 40 undergraduate stu-
dents of the Department of Physical Education and
Sport Sciences at the Democritus University of Thrace
(DPESS, DUTH), aged 20 to 22 years (M = 20.36,
SD = 0.68), while 22 of them were male and 18 were
female. The sampling frame used for this study was
self-selected sampling. The participants were free of
injuries in their lower limbs for the past 3 years. They
were randomly assigned to one of the two different
training program groups: Traditional (T group) (11
males and 9 females) and Nintendo Wii (W group) (11
males and 9 females) creating two independent groups
of 20 students respectively. Prior to group assignments,
participants were orientated to the purpose of the study,
the training program group to which they belonged
and the obligations for participation in the experiment.
Each student was asked to give consent to participa-
tion in the study. The experimental procedures com-
plied with the Helsinki declaration of 1975 and were
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approved by the Ethical Committee of the Democritus
University of Thrace.

The balance ability assessment was performed with
the Biodex Stability System and three different balance
boards (boards 1a, 1b, and 2). The Biodex Stability
System is a dynamic postural stability assessment and
training system which assesses the ability of the body
to balance on an unstable platform [32]. In the Biodex
test, the participants maintained single-limb stance for
20 s, with the Biodex platform set to freely move by up
to 20◦ from level in any direction. From the variance
of the platform displacement (◦) in the antero-posterior
(AP) and medio-lateral (ML) directions from level dur-
ing the test, instability indices (I) Total (SI), Anterior-
Posterior (API) and Medial-Lateral (MLI) stability in-
dices was computed from the Biodex system. Three
test trials were carried out and the one with the lowest
Ii (best performance) was further processed.

As concern the balance boards, board 1a restricted
movement in the antero-posterior direction only, board
1b restricted movement in the medio-lateral direction
only, and board 2 allowed movement in both antero-
posterior and medio-lateral directions. In the balance
board tests, the subjects maintained single-limb stance
for as long as possible. Three test trials were timed on
each balance board and the best trial was considered
for further analysis.

2.1. Procedure

Participants were randomly divided into two train-
ing program groups of 20 students each, a typical bal-
ance exercise group (“group” and an exergame group
(“group”. The two training groups performed a specific
balance program for 8 weeks, two times per week, and
24 min per session. Before the intervention started, the
experimental group was given a 90-minute introduc-
tory session on how to use the Nintendo Wii-Fit Plus
games and its tools.

The “W group” used the interactive games Wii-Fit
Plus of the Nintendo Wii console, as a training method
to improve their balance. The games varied each week
starting with the easiest and ending with the most dif-
ficult. Participants had the opportunity to choose the
order in which they will play the balance games, but
without allowing them to change their time engage-
ment. At the beginning and at the end of each session
the participants performed a series of yoga exercises (a.
tree pose, standing exergames knee pose b. and c. king
of the dance pose) for a total duration of 10 minutes. In
the meantime, they had to deal with Nintendo Wii-Fit

Plus interactive balance games for 14 minutes. Specifi-
cally, the first and second week the participants played
the balance games ski slalom and table tilt, for 5 min-
utes each and the headings for 4 minutes. The third
and fourth week the participants played the balance
games balance bubble and penguin slide, for 4 minutes
each and the games ski slalom and snowboard slalom
for 3 minutes each. The fifth and sixth week, partic-
ipants played the balance games balance bubble and
snowboard slalom at an advanced level for 4 minutes
each and the games penguin slide and ski slalom for
3 minutes each. On the seventh week the participants
played the balance games headings for 4 minutes, and
ski slalom for 3 minutes at the advanced level, and the
games skateboard arena for 4 minutes and table tilt for
3 minutes at the advanced level. The last week the par-
ticipants played the balance games skateboard arena
for 4 minutes and snowboard slalom for 3 minutes in
the advanced level, and the balance bubble plus games
and table tilt plus for 3 and 4 minutes, respectively. Af-
ter each exercise – game there was a 15 second break
(Table 1).

The “Traditional group” performed an exercise pro-
gram with mini trampoline and inflatable discs (BOSU),
as a training method to improve their balance. The
participants performed two balance exercises in mini
trampoline for a total duration of 3 minutes on each leg
and then followed 3 balance exercises on BOSU flat
side and the same 3 exercises on BOSU bladder side,
for a total duration of 9 minutes on each leg. The train-
ing program was the same for each session (Table 2).
Specifically, the program followed by the “Traditional
group” described below:

(1) Exercises in mini trampoline
a. High skipping (jump on spot 3 times on each

leg) and landing on a limb every time (2 re-
peats of 45 seconds each leg).

b. Standing on one leg and try to catch the ball
thrown at them in various directions by the
researcher (2 repeats of 45 seconds each leg)
(Table 2).

(2) Exercises in inflated rubber hemisphere attached
to a rigid platform (BOSU) (Table 2)
a. Standing on BOSU’s bladder side with one

foot, in an attempt to maintain balance (2 re-
peats of 45 seconds each leg).

b. Standing on BOSU’s bladder side with one
foot, in an attempt to maintain balance, while
lifting the non-support leg forward and back-
ward (2 repeats of 45 seconds each leg).
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Table 1
Interactive balance games-exercises

Weeks Games
1st & 2nd ski slalom (5 min), table tilt (5 min), headings (4 min)
3rd & 4th balance bubble (4 min), penguin slide (4 min), ski slalom (3 min) and snowboard slalom (3 min)
5th & 6th balance bubble (4 min) and snowboard slalom at an advanced level (4 min) and games penguin slide (3 min), ski

slalom (3 min)
7th at an advanced level: balance headings (4 min), ski slalom (3 min), skateboard arena (4 min) and table tilt (3 min)
8th balance skateboard arena (4 min), snowboard slalom (3 min) at an advanced level, and balance bubble plus (3 min),

table tilt plus (4 min)

Table 2
Typical balance exercises

Exercises in trampoline high skipping and landing on one limb each time
(2 reps of 45 sec per leg) 1-leg stance, attempt to catch the ball

Exercises in flat and bladder side of BOSU 1-leg stance, attempt to maintain the balance
(2 reps of 45 sec per leg) 1-leg stance, attempt to keep the balance while move the non-supporting leg

1-leg stance, attempt to catch the ball

c. Standing on BOSU’s bladder side with one
foot, in an attempt to maintain balance, while
trying to catch the ball thrown at them by the
experimenter in various directions (2 repeats
of 45 seconds each leg).

d. Standing on BOSU’s flat hard side with one
foot, in an attempt to maintain balance (2 re-
peats of 45 seconds each leg).

e. Standing on BOSU’s flat hard side with one
foot, in an attempt to maintain balance, while
lifting the non-support leg forward and back-
ward (2 repeats of 45 seconds each leg).

f. Standing on BOSU’s flat hard side with one
foot, in an attempt to maintain balance, while
trying to catch the ball thrown at them by the
experimenter in various directions (2 repeats
of 45 seconds each leg).

Between repetitions on balance exercises each ses-
sion break 15 seconds elapse (Table 2).

Before and after the completion of the eight weeks
balance program, participants completed a single leg
static balance assessment for both limbs (dominant and
no dominant) on Biodex Stability System (SI, API,
MLI) and on the three balance boards (time on bal-
ance).

2.2. Statistical analyses

Initial differences between the two groups for the
mean balance scores were tested using independent-
samples t test. Two-way analyses of variance
(ANOVAs), with repeated measures on the last factor,
were conducted to determine the effect of training pro-
gram groups (Traditional and Wii) and measures (pre-

test, post-test) on balance test indices (SI, API, and
MLI) and time on balance (boards 1a, 1b, and 2). Each
variable was tested using an alpha level of significance
0.05.

3. Results

Means and standard deviation for the “W group”,
and “T group” in pre-test and post-test are presented
on Table 3. The 8-week balance training program im-
proved all the balance performance indicators exam-
ined. More specific, analysis of the data illustrated that
both groups, “W group” and “T group” demonstrated
significant improvements on Biodex stability tests, in
SI (F(1, 38) = 32.22, p < 0.001), API (F(1, 38) =
32.96, p < 0.001) and MLI (F(1, 38) = 18.71, p =
0.007) for the right and the left limp as well. Similarly
for the balance boards, the results revealed for both
groups significant improvements (p < 0.001) for the
right and the left leg. However, improvement in bal-
ance ability with board 1a was greater (F(1, 38) = 7.03,
p = 0.023) in the “T group” than the “W group” when
the assessment was performed post-training.

4. Discussion

Injury prevention is important not only for profes-
sional athletes but for recreational ones, as well [9].
Balance training is an effective means of interven-
tion to improve static postural sway and dynamic bal-
ance [9] with positive effect on injury reduction [10–
13]. Unstable surface types of equipment, such as wob-
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Table 3
Balance assessments

Pre-training Post-training
“W Group” M ± SD “T Group” M ± SD “W Group” M ± SD “T Group” M ± SD

Biodex SI Right Leg (◦) 5.3 ± 1.9 5.0 ± 1.7 4.0 ± 1.4a 3.4 ± 0.9a

Biodex SI Left Leg (◦) 4.7 ± 1.7 4.9 ± 1.5 3.6 ± 1.3a 3.0 ± 1.0a

Biodex API Right Leg (◦) 4.2 ± 1.4 3.9 ± 1.7 3.2 ± 1.2a 2.8 ± 0.8a

Biodex API Left Leg (◦) 4.3 ± 1.2 4.0 ± 1.5 3.0 ± 1.3a 2.7 ± 1.0a

Biodex MLI Right Leg (◦) 2.6 ± 1.0 2.3 ± 1.3 1.9 ± 0.5b 1.7 ± 0.6b

Biodex MLI Left Leg (◦) 2.5 ± 0.9 2.2 ± 1.5 2.0 ± 0.4b 1.6 ± 0.8b

Board 1a Right Leg (s) 3.9 ± 1.0 4.1 ± 1.6 5.7 ± 1.3a 6.8 ± 1.4a,c

Board 1a Left Leg (s) 3.7 ± 1.1 4.0 ± 1.4 5.5 ± 1.7a 6.9 ± 1.8a,c

Board 1b Right Leg (s) 3.8 ± 1.5 3.9 ± 1.7 5.4 ± 1.5a 5.9 ± 1.8a

Board 1b Left Leg (s) 3.5 ± 1.2 3.7 ± 1.3 5.3 ± 1.9a 5.7 ± 1.9a

Board 2 Right Leg (s) 3.7 ± 0.9 3.9 ± 1.6 5.3 ± 1.7a 5.6 ± 1.4a

Board 2 Left Leg (s) 3.6 ± 1.0 3.7 ± 1.9 5.1 ± 1.7a 5.9 ± 1.5a

SI: Total stability index, API: antero-posterior stability index, MLI: medio-lateral stability index, board 1a: antero-posterior board motion, board
1b: medio-lateral board motion, board 2 antero-posterior and medio-lateral board motions. Data are presented as the mean ± SD (n = 20 in each
group). aIndicates p < 0.001 between pre-training and post-training; bIndicates p < 0.01 between pre-training and post-training; cIndicates p <
0.05 between groups at post-training.

ble boards, foam rollers, swiss balls, and balance discs,
have traditionally been used in the rehabilitative and
preventive setting [14–18].

Analysis of the data illustrated that both the “T
group” and the “W group” demonstrated a similarly
decrease in instability in Total, AP and ML mean
scores and increase in time on balance (boards 1a, 1b
and 2) over the eight week period of the intervention
for the right and the left limp as well. Only in the bal-
ance board 1a the improvement in balance ability was
greater in the “T group” than the “W group”.

This finding was fairly consistent with other studies
in the literature, which seem to indicate that Nintendo
Wii gaming console was effective in improving the
overall balance abilities of learners [26,29]. Williams
et al. [29] examined whether the Nintendo Wii Fit was
a feasible and acceptable intervention in community-
dwelling older fallers. Twenty-one community-dwel-
ling fallers over 70 years were recruited and attended
for computer-based exercises or standard care. Balance
and fear of falling were assessed at weeks 0, 4 and
12. Results indicated that Nintendo Wii Fit appeared to
be an acceptable falls intervention in the community-
dwelling older individuals who have fallen and had the
potential to improve balance and self-perceived confi-
dence.

However, there are other studies in the literature
with mixed results regarding the comparison of the two
different training methods (Traditional and Nintendo
Wii).

More specifically, Kliem and Wiemeyer [30] com-
pared the efficiency of traditional and exergame-based
balance training programs. Participants were perfor-
med training sessions three times a week for three

weeks. The results indicated that the traditional group
had a significantly greater improvement in balance
test (Star Excursion Balance Test) and ball-handling,
whereas the Wii group showed a significantly greater
improvement in Ski Slalom.

Similarly, Brumels et al. [31] examined the impact
of video games on balance performance by comparing
three training programs: Konami’s Dance Revolution
(DDR), the Wii Fit game collection including the Wii
Fit Balance Board and a traditional balance training
program. Participants exercised three days a week for
four weeks. According to their results, the three diffe-
rent training groups appeared different balance perfor-
mance without clear superiority of a training program.

There is a variety of explanations why the un-
dergraduate Physical Education students of DPESS-
DUTH improved their balance ability after training
with the Nintendo Wii gaming console. One possible
explanation could be that the use of the Nintendo Wii
gaming console allowed students to become active par-
ticipants in the training process. Research has consis-
tently shown that playing exergames increases reaction
times, and improves hand – eye coordination [33]. The
exercise stimuli provided during training were impor-
tant enough to improve balance, at least similarly com-
pared with the traditional exercise protocol.

Specifically, Nintendo Wii-Fit Plus software al-
lowed motor learning to take place through the use of
its interactive balance games and yoga exercises, mo-
tivating learners to become discoverers and examiners
of the balance-based activities.

Moreover, another factor contributing to the balance
ability could be the specificity and frequency of the
feedback provided to the students by the system re-

AU
TH

O
R 

CO
PY



304 A. Gioftsidou et al. / Typical balance exercises or exergames for balance improvement?

garding both the knowledge of their performance and
the knowledge of the results of their actions. Aug-
mented feedback in the form of either knowledge of
performance or knowledge of results is known to en-
hance motor skill learning [34]. Feedback provides in-
formation about the success of the action, it informs the
learner about movement errors and it is known to mo-
tivate the learner by providing information about what
has been done correctly [35].

Evaluating the outcomes of the present research
study, some limitations should be noted. The first lim-
itation was that students were only from the DPESS-
DUTH. A larger and more diverse sample would pro-
vide a more stringent test for balance development on
an exergame training program. Other limitation was
the absence of follow-ups evaluations, in order to de-
termine which training program could better maintain
the balance ability improvements.

In conclusion, findings support the effectiveness of
using the Nintendo Wii gaming console as an inter-
vention for undergraduate Physical Education students
with respect to their balance ability.

4.1. Practical applications

Thereby, the incorporation of an interactive gaming
console like the Nintendo Wii in the balance training
process probably constitutes an important and power-
ful tool available to the Physical Education profession-
als and sports trainers. They can benefit from the fea-
tures of the console and the opportunities it provides
to improve the balance ability of their students or ath-
letes (healthy or injured) as effectively as the tradi-
tional training method. Of course, the interactive gam-
ing console Nintendo Wii cannot replace real sports
games; however it can be used by healthy athletes as a
supplement exercise for balance improvement and in-
jury prevention or by injured athletes as a part of the
rehabilitation process by simulating sports specific ac-
tivities.

References

[1] Burke-Doe A, Hudson A, Werth H, Riordan, DG. Knowledge
of osteoporosis risk factors and prevalence of risk factors for
osteoporosis, falls, and fracture in functionally independent
older adults. J Geriatr Phys Ther. 2008; 31: 11–17.

[2] Gabbard CP. Lifelong Motor Development (5th ed). San Fran-
cisco, CA: Pearson Benjamin Cummings, 2008.

[3] McGuine TA, Greene JJ, Best T, Leverson G. Balance as a
predictor of ankle injuries in high school basketball players.
Clin J Sport Med. 2000; 10: 239–244.

[4] Goldie PA, Bach TM, Evans OM. Force platform measures
for evaluating postural control: Reliability and validity. Arch
Phys Med Rehabil. 1989; 70: 510–517.

[5] Olmsted LC, Carcia CR, Hertel J, Shultz SJ. Efficacy of the
star excursion balance tests in detecting reach deficits in sub-
jects with chronic ankle instability. J Athletic Train. 2002; 37:
501–506.

[6] Ross SE, Guskiewicz KM. Examination of static and dynamic
postural stability in individuals with functionally stable and
unstable ankles. Clin J Sport Med. 2004; 14: 332–338.

[7] Guskiewicz KM, Perrin DH. Research and clinical applica-
tions of assessing balance. J Sport Rehabil. 1996; 5: 45–63.

[8] Irrgang JJ, Whitney S, Cox E. Balance and proprioceptive
training for rehabilitation of the lower extremity. J Sport Re-
habil. 1994; 3: 68–83.

[9] Zech A, Hubscher M, Vogt L, Winfried B, Hansel F, Pfeifer
K. Balance Training for Neuromuscular Control and Perfor-
mance Enhancement: A Systematic Review. Journal of Ath-
letic Training. 2010; 45(4): 392–403.

[10] McGuine TA, Keene JS. The effect of a balance training pro-
gram on the risk of ankle sprains in high school athletes. Am
J Sports Med. 2006; 34: 1103–1111.

[11] Wedderkopp N, Kaltoft M, Holm R, Froberg, K. Comparison
of two intervention programmes in young female players in
European handball – With and without ankle disc. Scand J
Med Sci Sports. 2003; 13: 371–375.

[12] Malliou P, Gioftsidou A, Pafis G, Beneka A, Godolias G. Pro-
prioceptive training (balance exercises) reduces lower extrem-
ity injuries in young soccer players. J Back Musculoskeletal
Rehabil. 2004; 17: 101–104.

[13] Olsen OE, Myklebust G, Engebretsen L, Holme I, Bahr R. Ex-
ercises to prevent lower limb injuries in youth sports: Cluster
randomised controlled trial. BMJ. 2005; 330: 449.

[14] Caraffa A, Cerulli G, Projetti M, Aisa G, Rizzo1 A. Pre-
vention of anterior cruciate ligament injuries in soccer. A
prospective controlled study of proprioceptive training. Knee
Surg Sports Traumatol Arthrosc. 1996; 4: 19–21.

[15] Emery CA, Cassidy JD, Klassen TP, Rosychuk RJ, Rowe BH.
Effectiveness of a home-based balance-training program in re-
ducing sports-related injuries among healthy adolescents: A
cluster randomized controlled trial. CMAJ. 2005; 172: 749–
754.

[16] Gioftsidou A, Malliou P, Pafis G, Beneka A, Godolias G, Ma-
ganaris C. The effects of soccer training and timing of bal-
ance training on balance ability. European Journal of Applied
Physiology 2006; 96: 659–664.

[17] Paterno MV, Myer GD, Ford KR, Hewett TE. Neuromuscular
training improves single-limb stability in young female ath-
letes. J Orthop Sports Phys Ther. 2004; 34: 305–316.

[18] Rozzi SL, Lephart SM, Sterner R, Kuligowski L. Balance
training for persons with functionally unstable ankles. J Or-
thop Sports Phys Ther. 1999; 29: 478–486.

[19] Kawaguchi J. Ankle: Proprioceptive exercises balance reha-
bilitation. Biomechanics Rehabil Suppl. 1999; 23: 133–140.

[20] Yaggie JA, Campbell BM. Effects of balance training on se-
lected skills. J Strength Cond Res. 2006; 20: 422–428.

[21] Fiore RD, Leard JS. A functional approach to the rehabilita-
tion of the ankle and rear foot. J Athl Train. 1980; 15: 231–
235.

[22] Soderberg GL, Cook TM, Rider SC, Stephenich BL. Elec-
tromyographic activity of selected leg musculature in subjects
with normal and chronically sprained ankles performing on a
BAPS Board. Phys Ther. 1991; 71: 514–522.

AU
TH

O
R 

CO
PY



A. Gioftsidou et al. / Typical balance exercises or exergames for balance improvement? 305

[23] Coveart T. Nintendo Wii: Getting seniors active – virtually.
Long Term Care. 2008; 18(2): 24–29.

[24] Papastergiou M. Exploring the potential of computer and
video games for health and physical education: A literature
review. Computers and Education. 2009; 53(3): 603–622.

[25] Clark RA, Bryant AL, Pua Y, McCrory P, Bennell K, Hunt
M. Validity and reliability of the Nintendo Wii Balance Board
for assessment of standing balance. Gait Posture. 2010; 31:
307–310.

[26] Shih CH, Shih CT, Chu CL. Assisting people with multiple
disabilities actively correct abnormal standing posture with a
Nintendo Wii balance board through controlling environmen-
tal stimulation. Res Develop Disabil. 2010; 31: 936–942.

[27] Ewalt DM. Nintendo’s power up: How an oddly-named gizmo
rebooted the video game industry. Harvard Asia Pacific Re-
view. 2008; 9: 38–40.

[28] Bateni H. Changes in balance in older adults based on use of
physical therapy vs the Wii Fit gaming system: A preliminary
study. Physiotherapy 2011.

[29] Williams MA, Soiza RL, Jenkinson AM, Stewart A. Exer-
cising with Computers in Later Life (EXCELL) – pilot and
feasibility study of the acceptability of the Nintendo Wii Fit

in community-dwelling fallers. BMC Research Notes. 2010;
3(1): 238.

[30] Kliem A, Wiemeyer J. Comparison of a Traditional and a
Video Game Based Balance Training Program. International
Journal of Computer Science in Sport. 2010; 9: 80–91.

[31] Brumels KA, Basius T, Cortright T, Oumedian D, Brent S.
Comparison of Efficacy between Traditional and Video Game
Based Balance Programs. Clinical Kinesiology. 2008; 62(4):
26–31.

[32] Arnold BL, Schmitz RJ. Examination of balance measures
produced by the biodex stability system. Journal of Athletic
Training. 1998; 33(4): 323–327.

[33] Russell WD, Newton M. Short-term psychological effects of
interactive. Video game technology exercise on mood and at-
tention. Educational Technology and Society. 2008; 11(2):
294–308.

[34] Swanson LR, Lee TD. Effects of aging and schedules of
knowledge of results on motor learning. Journal of Gerontol-
ogy. 1992; 47: 406–411.

[35] Schmidt RA, Lee TD. Motor control and learning: A behav-
ioral emphasis (3rd ed.). Champaign, IL: Human Kinetics
Publishers, 1999.

AU
TH

O
R 

CO
PY



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




