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ABSTRACT
THE EFFECTS OF VIDEO GAME-BASED BALANCE TRAINING ON STATIC BALANCE IN
HEALTHY YOUNG ADULTS
Zinn MK*, Vairo GL*, Miller SJ*, Messina RM*, Sebastianelli WJ†: *Athletic Training Research
Laboratory, Department of Kinesiology, The Pennsylvania State University, University Park, PA; †Penn
State | Hershey Orthopaedics – State College, State College PA

Objective: To examine the effects of a four-week training program using the Nintendo Wii
Balance Board on static balance in healthy, young participants. It was hypothesized that video
game-based training using the Wii Balance Board would improve static balance compared to a
control condition. Design and Settings: A pretest-posttest true experiment conducted in a
controlled laboratory setting. Subjects: Sixteen (8 men, 8 women) participants were randomly
allocated to the Wii Balance Board group (age 19.8 ± 0.8 years, height 1.7 ± 9.1m, mass 68.5 ±
13.4kg, BMI 22.8 ± 3.7kg/m2, Tegner Activity Level = 6.3 ± 1.7). Sixteen (8 men, 8 women)
matched participants were assigned to a control group (age 20.2 ± 1.2 years, height 1.7 ± 1.1m,
mass 72.7 ± 17.6kg, BMI 24.1 ± 4.8kg/m2, Tegner Activity Level = 6.1 ± 1.1). Participants with
lower extremity or spinal injury and neurological impairments were excluded. Measurements:
Static balance was assessed with a quiet single-leg stance task using a force plate for four
different conditions (dominant leg: eyes open and closed, non-dominant leg: eyes open and
closed). The mean of three 10s trials for path length (cm) and average velocity (cm/s) of sway
were calculated per condition. One-tail paired t-tests were calculated to identify within group
pretest-posttest differences. One tail two-sample t-tests were calculated to identify statistical
differences between groups among dependent variables of interest. P ≤ 0.05 indicated statistical
significance. Results: The Wii Balance Board group displayed a significant decrease in pretestposttest path length and average velocity measures for the eyes closed condition per the
dominant (pretest path length = 76.7 ± 17.9cm, posttest path length = 68.3 ± 14.2cm, P = 0.048;
pretest average velocity = 7.7 ± 1.8cm/s, posttest average velocity = 6.8 ± 1.4cm/s, P = 0.048)
and non-dominant (pretest path length = 76.2 ± 10.7cm, posttest path length 69.5 ± 12.7cm, P =
0.005; pretest average velocity = 7.6 ± 1.1cm/s, posttest average velocity = 6.9 ± 1.3cm/s, P =
0.005) leg. No other comparisons were statistically significant (P > 0.05). Conclusion: The
results suggest that the balance training protocol using the Nintendo Wii Balance Board was
successful in improving participant static balance for the dominant and non-dominant leg under
the eyes closed condition. Further research is required to investigate the importance of visual
feedback as a component of balance and the efficacy of video-game based training to improve
balance. Word Count: 395
*We attest to claiming no financial association or participation with commercial organizations
that have a direct financial interest in any matter presented throughout this abstract.
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CHAPTER 1: INTRODUCTION
The role of balance is important to a person‟s ability to move, perform sports at a high aptitude,
prevent injury and function in simple activities of daily living. Balance capacity is dependent upon
proprioceptive traits, especially visual and vestibular system mechanisms, and neural control of muscle
activation that function to initiate, control, and execute precise movements associated with various
functional tasks. Research has shown that balance plays an integral part of athletic performance since
related movements are associated with constant changes of center of mass (COM) during running,
jumping, or performing other complex motions. In this context, the COM is often on the edges of an
individual‟s base of support while performing such activities, and therefore, the individual must be able to
balance efficiently and accurately adjust to unexpected perturbations to maintain stability(1). Thus
impairments to balance can result in significant functional performance capacity deficits that can
significantly influence an individual‟s health-related quality of life.
Balance deficits are a common clinical symptom in patients suffering from Parkinson‟s disease,
cerebral palsy, multiple sclerosis, and diabetic peripheral neuropathy. Furthermore, such deficiencies are
also found in the elderly population, as well as in patients that have suffered strokes, traumatic brain
injuries, and musculoskeletal injury (1). Since balance is critical to so many aspects of human movement,
it is an important factor to consider when devising training regimens aimed at improving the postural
control of impaired and healthy individuals. This is especially true for physical rehabilitation specialists
that often treat patients that present with balance insufficiencies.
Balance training is often used in clinical practice to enhance movement performance, rehabilitate
injuries, and prevent against the incidence of injury, especially in the lower extremity (23). Such
interventions aim to improve balance capacity and thus the health-related quality of life in a variety of
different populations, including healthy individuals, patients suffering from neurological disorders, and
the elderly.

1

There are several methods of balance training including quiet and dynamic single leg stance while
standing on an uneven surface or a foam pad. Many commercial products have also emerged including
the BOSU ball, Dance Dance Revolution virtual gaming system, wobble/balance boards such as: the
Biomechanical Ankle Platform System (25), Reebok‟s Core board (25), the Kinesthetic Ability Trainer (25)
and the Balance Master (25). Moreover, contemporary postural stability training procedures are
progressively moving towards the use of electronic gaming systems. Many studies have shown that video
game-based (VGB) methods can improve balance (10). One of the most important benefits of VGB
training is that it was originally created to be fun and engaging for recreational players. Because of this,
patients may demonstrate increased compliance and therefore be more likely to exhibit a training effect
without even feeling like they are in therapy (3).
One particular type of video game system gaining notoriety for utility as a mode of balance
training is the Nintendo Wii and Wii Balance Board. The Wii Balance Board is similar to other wobbleboard based methods but it is incorporated into an interactive and entertaining video game. The player
must shift his/her weight to control center of pressure (COP) and maneuver an on-screen character
through various exercises and tasks. The design of the game allows the player to unknowingly exercise
the muscles controlling the lower extremity and forces them to resist any instability while performing the
movements that control the game. However, there is limited evidence suggesting the effectiveness for use
of the Nintendo Wii and Wii Balance Board in video game-based modes of balance training for
improving postural control (4). Thus, the purpose of this research study was to investigate the effects of a
video game-based balance training regimen using the Nintendo Wii and Wii Balance Board on measures
of postural control in a healthy, young population. Based upon the work of Brumels and Nitz et al, we
hypothesized that a healthy, young cohort using the Wii Balance Board would display improvements in
static postural control compared to a matched control group, playing the Wii in a traditional seated
position with a hand-held controller (3,16).
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CHAPTER 2: METHODS
Experimental Design
A pretest-posttest control group true experimental design was used for this study, which was
conducted in a controlled university laboratory setting. The two dependent variables for this investigation
were center of pressure path length (cm) and average velocity (cm/s).
Participants
Thirty-two healthy, physically active participants were recruited from the Penn State University
Park Campus for this research study. All participants met inclusion and exclusion criteria (Patients with
lower back/lower extremity injury, neurological impairments (neuropathy, epilepsy), and surgery in the
last six months were excluded.). Physically active was defined as a person who is not sedentary but may
not be in full compliance of the exercise guidelines set forth by the Surgeon General, at least 30 minutes
of moderate intense physical activity most days of the week (28). The Tegner Activity Scale (p. 73appendix) was used to quantify participants‟ activity level (29). Sixteen healthy participants were
randomly allocated to both the intervention group and control group. Participant demographics are
provided in Table 1.
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TABLE 1: Participant Demographics
Wii Balance-Board Group

Control Group P-Value

Participants

16

16

Sex (Men/Women)

8/8

8/8

Age (years)

19.8 ± 0.8

20.2 ± 1.2

0.288

Height (m)

1.7 ± 9.1

1.7 ± 1.1

0.982

Mass (kg)

68.5 ± 13.4

72.7 ± 17.6

0.463

BMI (kg/m2)

22.8 ± 3.7

24.1 ± 4.8

0.414

Activity Level

6.3 ± 1.7

6.1 ± 1.1

0.708

Independent t-tests were calculated to ensure no significant differences existed between the intervention
and control groups. Values are listed as Mean ± Standard Deviation. A p-value ≤ 0.05 was considered
statistically significant.
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Instrumentation
Tests and measures were taken using the AMTI Accusway force platform (AMTI Corp.,
Watertown, MA) used in conjunction with Balance Clinic software (AMTI Corp., Watertown, MA). The
force platform is designed to detect changes in the participant‟s weight distribution across the base of
support. Center of pressure and postural sway data have been a common method of monitoring and
measuring balance.
Participants trained on the Nintendo Wii and Wii Balance Board (Nintendo of America, Inc.,
Redmond, WA) while playing the Shaun White Snowboarding- Road Trip video game (Ubisoft
Entertainment, San Francisco, CA). We chose this particular game because of the nature of the activity.
The game attempts to simulate an actual snowboarding experience, where the rider must pivot the feet
back and forth, lean in different directions, and regulate pressure on the Wii Balance Board to manipulate
movement in the desired direction. The game consists of several virtual ski slopes and trails in which the
player must either aim for speed or attempt to perform the most number of tricks of varying difficulty.
Intervention
The intervention group played the Nintendo Wii game while standing and controlling the screen
with the Wii Balance Board (Figure 1). This study also included a control group that played the Wii game
sitting down in a chair in which the participants controlled the game with the Nintendo Wii hand-held
controller (Figure 2). All participants were required to train three times per week over the course of a
four-week period. Each training session lasted 15 minutes.
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Figure 1: Wii Balance Board Group Training Protocol

Figure 2: Control Group Training Protocol
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Each participant in the study was given a pre-selected list of 4 trails that rotated between trick or
race runs to complete each week. A trick run is a trail in which the player scores points in the game by
making the virtual character perform snowboarding tricks such as sliding down rails or doing jumps off
ski slopes. A race trail is scored solely on how fast the trail is completed. This list was repeated until the
15-minute time limit had been reached. By allowing players to perform the trails more than once, they
were more easily able to become accustomed to the game and perform better. Below, Table 2 shows the
sequence of selected trails for each week of training and also the location where the trails are located in
the game. Trails denoted with:(t) indicates that the trail is a trick trail. All other trails are assumed to be
race trails.
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TABLE 2: Trail sequence
Week 1

Week 2

Week 3

Week 4

CAN- Big Elk Trail- Pizazz
CAN- Tramway valley- Slideshow (t)
CAN- Snocoach Hill- Head wall
CAN- Tramway valley- Equilibrium (t)
CAN- Snocoach Hill- Heritage Ride
CAN- Subway- Slingshot (t)
CAN- Big Elk Trail- Pizazz
CAN- Subway- Skywise (t)
SWISS- Eagle's Eye- Velocity
SA- Scenic Route- Ranch Hand (t)
SWISS- Eagle's Eye- What goes up
SA- Hazard Pass- Ruin Run (t)
CAN- Snocoach Hill- Head wall
JAP- Main Event- Sunny's Run (t)
SWISS- Eagle's Eye- Velocity
SA- Hazard Pass- Drop Zone (t)
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Testing Procedures
Balance measures were taken before and after the four-week intervention period.
Baseline testing began with a five-minute warm-up on the treadmill at 1.2 m/s and 0% grade. Participants
then performed the quiet single-leg balance task using the force plate and associated software. Each of the
participant‟s feet were traced on a piece of paper taped to the force plate for consistent foot placement
during testing (Figure 3, Figure 4).
A green traced footprint indicated the dominant leg and red indicated the non-dominant leg. Leg
dominance was determined by asking participants which leg they would prefer to kick a soccer ball with.
The protocols consisted of dominant leg eyes open and closed and non-dominant leg eyes open and
closed. Randomization was performed by generating permutations using Minitab 15 (Minitab Inc., State
College, PA) software® to select the sequence for testing. This was done to prevent order effects. Three
trials were taken for each condition, with each trial lasting ten seconds (4, 12, 25). If the subject failed to
maintain balance and the non-stance leg touched the ground, the trial was discarded and repeated. A
thirty-second rest was taken between each trial performed. The participant was instructed to stand
barefoot on one leg on the force plate with his/her hands on hips and uninvolved leg bent at the knee 90
degrees (Figure 5, Figure 6). The participant was asked to focus on an “X” that was placed on a wall in
front of them at eye level. The Balance Clinic software recorded the participant‟s COP excursion
variables such as, path length, and average velocity. No verbal encouragement was provided during
testing and experimenters remained quiet during each trial.
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Figure 3: Establishment of Base of Support Foot Placement

Figure 4: Base of Support on Force Platform
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Figure 5: Eyes Open Single-leg Stance Condition

Figure 6: Eyes Closed Single-leg Stance Condition
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Data Analysis
Paired t-tests were calculated to analyze statistically significant within group differences between
the pretest and posttest measures per leg for each dependent variable of interest. Two-sample t-tests were
calculated to analyze statistically significant differences among groups per leg and visual condition for
each dependent variable of interest. A probability level of P ≤ 0.05 was set a priori to denote statistical
significance.
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CHAPTER 3: RESULTS
Static Balance Measures
Within Group Comparisons
Pretest-posttest COP results displayed no statistically significant differences for the Wii Balance
Board and control group in the eyes open condition for both the dominant and non-dominant legs (Table
3, 4). The control group also demonstrated no significant between pretest-posttest differences for COP
measures with the eyes closed condition for both legs. However, the Wii Balance Board group revealed
significant pretest-posttest differences for COP measures with both legs in the eyes closed condition
(Table 4, Figures 7-10).
Between Group Comparisons
Baseline COP path length and average velocity data during static balance demonstrated no
statistically significant differences between the groups for all conditions (Table 5). The posttest eyes open
and eyes closed conditions revealed no statistically significant differences between groups for the
dominant and non-dominant leg (Table 6).
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TABLE 3: Eyes Open Pretest-Posttest Static Balance COP Excursion Measures
Wii Balance-Board Group
Pre-Training

Post-Training

P-Value

Path Length (cm)

37.1 ± 7.9

37.0 ± 8.9

0.466

Average Velocity (cm/s)

3.7 ± 0.8

3.7 ± 0.9

0.462

Path Length (cm)

35.3 ± 7.1

33.8 ± 7.0

0.150

Average Velocity (cm/s)

3.5 ± 0.7

3.4 ± 0.7

0.150

Pre-Training

Post-Training

P-Value

Path Length (cm)

39.2 ± 11.1

36.8 ± 12.7

0.112

Average Velocity (cm/s)

3.9 ± 1.1

3.7 ± 1.3

0.124

Path Length (cm)

40.2 ± 13.6

36.8 ± 11.5

0.138

Average Velocity (cm/s)

4.0 ± 1.4

3.7 ± 1.2

0.138

Dominant Leg

Non-Dominant Leg

Control Group

Dominant Leg

Non-Dominant Leg

* Denotes statistical significance (P ≤ 0.05).
Values are mean ± SD
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TABLE 4: Eyes Closed Pretest-Posttest Static Balance COP Excursion Measures
Wii Balance-Board Group
Pre-Training

Post-Training

P-Value

Path Length (cm)

76.7 ± 17.9

68.3 ± 14.2

0.048*

Average Velocity (cm/s)

7.7 ± 1.8

6.8 ± 1.4

0.048*

Path Length (cm)

76.2 ± 10.7

69.5 ± 12.7

0.005*

Average Velocity (cm/s)

7.6 ± 1.1

6.9 ± 1.3

0.005*

Pre-Training

Post-Training

P-Value

Path Length (cm)

74.1 ± 19.0

71.9 ± 16.6

0.264

Average Velocity (cm/s)

7.3 ± 2.1

7.2 ± 1.7

0.385

Path Length (cm)

74.6 ± 16.9

72.6 ± 18.6

0.233

Average Velocity (cm/s)

7.5 ± 1.7

7.3 ± 1.9

0.232

Dominant Leg

Non-Dominant Leg

Control Group

Dominant Leg

Non-Dominant Leg

* Denotes statistical significance (P ≤ 0.05).
Values are mean ± SD
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FIGURE 7. Wii Balance Board Group Pretest-Posttest COP Path Length Measures for the
Dominant Leg Under the Eyes Closed Condition (Pre-Posttest)
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FIGURE 8. Wii Balance Board Group Pretest-Posttest COP Average Velocity for the
Dominant Leg Under the Eyes Closed Condition

Post-training

Pre-training

0

2

4

6

8

10

Average Velocity (cm/s)

17

FIGURE 9. Wii Balance Board Pretest-Posttest COP Path Length Measures for the NonDominant Leg Under the Eyes Closed Condition
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FIGURE 10. Wii Balance Board Pretest-Posttest COP Average Velocity Measures for the
Non-Dominant Leg Under the Eyes Closed Condition
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TABLE 5: Pretest Static Balance COP Excursion Measures
Eyes Open

Wii Balance-Board Group

Control Group P-Value

Path Length (cm)

37.1 ± 7.9

39.2 ± 11.1

Average Velocity (cm/s)

3.7 ± .8

Dominant Leg

3.9 ± 1.1

0.541
0.561

Non-Dominant Leg
Path Length (cm)

35.3 ± 7.1

40.2 ± 13.6

0.205

Average Velocity (cm/s)

3.5 ± 0.7

4.0 ± 1.4

0.204

Eyes Closed

Wii Balance-Board Group

Control Group

Path Length (cm)

76.7 ± 17.9

74.1 ± 19.0

0.692

Average Velocity (cm/s)

7.7 ± 1.8

7.3 ± 2.1

0.596

Path Length (cm)

76.2 ± 10.7

74.6 ± 16.9

0.763

Average Velocity (cm/s)

7.6 ± 1.2

7.5 ± 1.7

0.762

P-Value

Dominant Leg

Non-Dominant Leg

* Denotes statistical significance (P ≤ 0.05).
Values are mean ± SD
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TABLE 6: Posttest Static Balance COP Excursion Measures
Eyes Open

Wii Balance-Board Group

Control Group P-Value

Path Length (cm)

37.0 ± 8.9

36.8 ± 12.7

0.477

Average Velocity (cm/s)

3.7 ± 0.9

3.7 ± 1.3

0.478

Path Length (cm)

33.8 ± 7.0

36.8 ± 11.5

0.193

Average Velocity (cm/s)

3.4 ± 0.7

3.7 ± 1.2

0.193

Eyes Closed

Wii Balance-Board Group

Control Group P-Value

Path Length (cm)

68.3 ± 14.2

71.9 ± 16.6

0.257

Average Velocity (cm/s)

6.8 ± 1.4

7.2 ± 1.7

0.257

Path Length (cm)

69.5 ± 12.7

72.6 ± 18.6

0.291

Average Velocity (cm/s)

6.9 ± 1.3

7.3 ± 1.9

0.291

Dominant Leg

Non-Dominant Leg

Dominant Leg

Non-Dominant Leg

* Denotes statistical significance (P ≤ 0.05).
Values are mean ± SD

21

CHAPTER 4: DISCUSSION
The preliminary results of this research study suggest that a four-week video game-based balance
training regimen using the Nintendo Wii Balance Board potentially serves as an effective method for
enhancing quiet single-leg quiet stance static balance performance in young, healthy, and physicallyactive adults. Statistical analyses confirm the improvements in static balance were limited to the dominant
and non-dominant leg during the eyes closed condition. However, in spite of this improvement in the Wii
Balance Board group, the posttest outcome measures revealed no significant differences when compared
to the control group. This is most likely due to the slight improvements also observed in the control
group as noted by the pretest-posttest means that display a trend for reduced COP path length and average
velocity.
Many authors breakdown balance into several component parts including vestibular neural input,
sensory visual input, and proprioceptive input (11). While this study involved only perturbations to the
visual system, significant data was found when vision was impeded. This implies that participants using
the Nintendo Wii Balance Board may have gained a heightened awareness of body proprioception, thus
decreasing the necessity of constant visual stimuli. Because the virtual game also requires participants to
maintain focus with the constantly moving screen image, it may, in fact present a slight challenge to
visual feedback mechanisms within the game itself. The video game prevents the participant from
focusing their visual senses on the task of maintaining balance, therefore enhancing the proprioceptive
awareness of movement by destabilizing visual information. The loss of visual cues forces the central
nervous system to rely more on vestibular and proprioceptive input to control balance (14). These findings
are consistent with the study by Horak, which examined the influence of perturbations on balance control
improvement (11). The control participants may have experienced a lesser degree of perturbation of the
individual components of balance, which explains why there were no differences between pre and
posttesting in this group.
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According to the data, the control participants also showed a slight, yet statistically insignificant
improvement in their ability to maintain balance when performing the single-leg stance test. It is assumed
that perhaps the control participants did not remain still while training. Many researchers who have used
virtual reality training have emphasized the degree of interaction with the virtual world and the subjects‟
integration into the role of the on-screen character. Although the control group participants were sitting,
and did not challenge their lower extremity proprioceptive system to the same extent as the Wii Balance
Board group, they may have received some proprioceptive training of the trunk by leaning their body in
accordance with the virtual character movements or adjusting their posture to control the on-screen
character. It is possible that these seated movements of the trunk and to some degree the lower extremities
provided a training effect to the proprioceptive system of the trunk (20). This training effect may have been
enough to slightly improve their balance in the single-leg quiet stance test. Another possible explanation
for the slight improvements in the control group could be that the participants were engaged in
“observational training.” This concept is based on the idea that observing motor patterns can stimulate
brain centers involved with executing the same movements and thus enhance performance merely through
visualizing the motions needed to perform a task (26, 27). Although the control participants in this study
were not actually simulating the movements of a snowboarder, they were watching an animated virtual
character produce the movements, therefore gaining the same benefits as the intervention group through
action observation. The realistic movement patterns and balance adjustments generated by the motor
imagery of the on-screen snowboarding character may have transferred to the control participants during
training, thus enabling their balance to improve.
This also brings attention to the studies that mention a specific body location as a source for
preserving balance. If participants in the control group slightly increased their balance while sitting in a
chair, it could be assumed that balance might be regulated centrally with the core and not specifically a
peripheral joint such as the knee or hip (24). Although Willardson suggests that the core may be the body‟s
key stabilizer, many other studies show that through inducing muscle fatigue, that other joints may play a
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part in posture regulation (12, 19). During the single-leg stance test on the force plate, it was observed that
many of the participants channeled their stability maintenance “strategy” into a single location. The
majority of participants used either the ankle or hip strategy to control stability. Hrysomallis‟ studies
involving force plate measurements also show that more COP movement occurs through the axis of these
particular joints during balance than in other directions (2, 12). However, it may be that all of these sites
have influence over postural control, and possibly, that the specific location that contributes most can
vary from person to person based on previously learned neural control mechanisms (11). In regard to our
study, it is speculated that the control group may have improved postural control slightly through training
the trunk and hip proprioceptive system, while the Wii Balance Board group may have improved through
training proprioception of the lower extremities and trunk.
Pre-programmed or automatic reactions used to maintain balance involve coordinated recruitment
of multiple trunk and leg muscles organized to produce movement about a target joint (11, 12). The most
commonly known reactions to perturbation are movements organized around the ankle (ankle strategy)
and the hip (hip strategy). It is possible that the Shaun White Snowboarding game using the Wii Balance
Board may have trained the hip strategy in particular by forcing the participant to flex and extend the hip
joint in order to change the location of the body‟s center of mass and keep it within the limits of support
to maintain balance. As Hrysomallis observed, single-legged stance balance is usually maintained with an
ankle strategy that involves inversion/eversion and dorsiflexion/plantar flexion around the ankle joint to
manipulate the position of the center of mass, while double-legged stance maintenance occurs mainly
with dorsiflexion/plantar flexion movements (12). Because the participants of the study were trained using
a double-legged stance and then tested using a single-leg stance test, the balance maintenance strategies
enhanced by the training may not have transferred to the balance evaluation protocol, therefore producing
no overall change in pretest-posttest scores in either group.
Another explanation as to why there were not any significant differences between the groups
post-training could be the possibility of a learning curve. It is possible that the majority of improvement
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was due to adaptations and adjustments to the single-leg stance task and not due primarily to the training
(25)

. More extended research is needed to determine whether participants show any retention of training

effects over the long term.
The limited improvements shown in post-testing by the intervention group may have stemmed
from the length of the training program. It is possible that a longer training period may have produced
more profound effects on the balance board group. Although many researchers have observed
improvements with short-duration single-leg stance trials, it is important to note that the single-leg stance
trials of only 10 seconds in duration may not have been long enough to give an accurate measure of
balance control (4, 12, 17, 19, 25). Increasing the duration of each trial may have produced more substantial
differences in static balance between the two groups. Another aspect of the adherence effect could be that
some participants may have missed training sessions during the four weeks allotted for training. These
participants were required to make up their missed sessions; however, their training was more spread out
over a longer period of time with time gaps in between (6, 8). Furthermore, limitations may be due in part
to the fact that participants were tested for static postural control on one foot while the training protocol
involved dynamic movement patterns on two feet. Perhaps if the training method was more applicable to
the testing procedure, participants would show greater results (15).
The fact that the participants recruited for this study were all healthy, young adults may also have
limited the training outcomes. As Distefano suggests, balance training methods employed may be too
simple for healthy populations to see any end results (6). It is possible that more significant improvements
in balance would be seen in clinical populations or elderly populations where there is more room for
improvements in coordination and postural control. Training in these groups would facilitate adaptations
of the central nervous system to employ alternate forms of afferent input to produce postural control.
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Another major factor that could have contributed to the modest results is researcher/participant
error. For example, participants may not have adhered to the directed protocol during the single-leg stance
test. For example, the participants may have assumed a slightly different stance during each trial of the
single-leg stance test which would change the position of the person‟s center of mass and center of
pressure. Some participants may have positioned their uninvolved leg thigh to line up with their involved
leg thigh or positioned their uninvolved knee so that it was slightly behind or in front of their involved
thigh. Variations could also be due to the angle at which the uninvolved knee was bent behind them (19).
These differences in posture would all induce a change in the location of the center of mass. It is possible
that a specific posture may be more effective for maintaining stability during the single-leg stance test and
that the participants who performed better at the task employed the more effective posture. In the eyes
open condition, participants‟ vision may have strayed from the designated focus point on the wall,
enabling them to be offset by distractions from what was happening within the laboratory.
Limitations
One limitation of our study could have been caused by the lack of strict control over the
laboratory environment during testing and training. As many people were in and out of the laboratory
during testing, many distractions may have caused perturbations in balance such as: hearing talking,
music from the Nintendo Wii game, noise of the treadmill, or talking while performing the task. It was
observed that sudden, abrupt noises were more likely to deter balance and be detrimental to testing, while
continuous noises did not affect postural control as much and may have actually been helpful in
promoting concentration. The participants‟ activity level before and after training may also have
contributed to their success in performing the single-leg stance test, especially if they engaged in an
activity that required a high degree of balance control. Participant physical activity level outside of the
experiment during the training period was not controlled. Therefore, changes in activity level throughout
the experiment could have affected results. Because of the specific cohort used in this study, the ability to
generalize the results to older, injured, and clinical populations is reduced.
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CHAPTER 5: CONCLUSION
The findings of this study suggest that a four-week balance training program using the Nintendo
Wii (Shaun White Snowboarding Game-Road Trip) and Wii Balance Board is effective in producing
small improvements in static postural control in healthy young adults. Due to the improvement being in
the eyes closed condition, it is thought that this improvement results mainly from the improved central
nervous system processing of somatosensory and proprioceptive information. Greater gains may be made
in injured populations or with longer training programs. The use of video game-based balance training
may have a place in rehabilitation due to its entertainment value and potential to improve compliance.
Additional research is warranted to further delineate the effects and potential benefits of virtual reality
based balance training.
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LITERATURE REVIEW
Balance plays such a profound role in everyday motion and is even more essential during
competitive sports. Postural control is so automatic that we never have to think about it unless it has been
impaired by injury, disease, etc. Balance training can not only benefit healthy individuals, but also can
serve as a rehabilitation method for clinical populations. By incorporating the Nintendo Wii into balance
training, it provides a fun way to improve balance while keeping participants entertained and engaged in
the activity. The purpose of this review is to examine and evaluate recently published literature pertaining
to the importance of postural control in a variety of populations and to compare and contrast balance
training modalities and techniques.
Measuring Static Postural Control
There are several different methods of measuring static postural control. The most common
technique is to use a force platform that is paired with computer software that can detect measurements of
postural sway and center of pressure displacements. Balance can be measured while the subject is
standing versus sitting, eyes open or closed, single-leg or double-leg stance, and in many other different
conditions. For the purpose of this research, we used the Quiet Single-leg Stance Test (SLST) to measure
postural oscillations on the force platform. This protocol involves using a force platform that contains
pressure sensors able to detect motion in all directions. The participant‟s feet are traced onto a piece of 8‟‟
x11‟‟ paper to establish a base of support. This also serves as a marker for where the participant will stand
during the test. There are four different trials in which the person stands on the right leg with eyes open
and closed, and then on the left leg with eyes open and closed. The test requires that the uninvolved leg be
bent at the knee at 90 degrees and that the participant stand with their hands on their hips. Each trial lasts
ten seconds and there are three trials for each condition. The participant‟s center of pressure data is
tracked and recorded by software that communicates with the force platform. Measures of Path length,
Unit path, Path/Area, Vx max, Vx min, Vy max, Vy min, and V average are recorded using the software.
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Many researchers published in the current literature have conducted experiments involving the
use of a force platform and the SLST to measure and track improvements in postural control. However
there are many variations in SLST protocol (21, 17, 23, 12, 3). Verhagen is one example. During his experiment,
baseline and post-training postural control data was taken for each subject using the single leg stance test
to analyze center of pressure deviations on a force platform. Each participant performed five trials for
each leg. A single trial consisted of the subject standing beside the force platform for 10 seconds, then
standing on one leg with eyes open for 15 seconds, and finally standing on one leg with eyes closed for 20
seconds (22).
Yaggie et al also used the SLST but instructed the participants to stand on one leg for three 15
second trials with their arms crossed over their chest. The non-dominant leg was flexed at 45 degrees and
the subject was instructed to focus on a visual target while performing the test. Static balance data was
recorded for the first 10 seconds and dynamic data was recorded for the last 5 seconds, in which the
subject had to lean forward without picking up the heel and without falling (25).
Apart from the SLST, another test that can be used to measure postural control is the Clinical Test
of Sensory Interaction for Balance. This test includes six different conditions: eyes open and closed firm
surface, eyes open visual conflict firm surface, eyes open and closed unstable surface, and eyes open
visual conflict unstable surface. This method may give a wider range of information on the extent of
balance capabilities due to the added variables (13).
Quantitative Balance measures were taken pre and post treatment and included the SEBT in the
medial, anteromedial, and posteromedial directions, and the single leg stance with eyes both open and
closed on the force platform.
Not much research is available on subjects performing sitting balance tests or other tasks. These
kinds of tests would be more prevalent in experiments involving those with physical disabilities, such as
the elderly.
Components of Balance
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Many researchers acknowledge the fact that there are several different components to balance (21,
17)

. The best way to assess and train postural control is by inducing perturbations to the physiological

factors that influence the mechanisms controlling balance in order to force the brain and the body to adapt
to instability.
A study by Faye B. Horak et al, published in the Physical Therapy Journal, examined the very
basic levels of balance control in order to understand how the body responds to perturbations and
challenges to postural control. It was previously believed that balance adjustments were made through
reflex equilibrium responses. However, it is now known that balance is a set of learned neurological
patterns that incorporates many different aspects of body control including sensory, mechanical, and
muscle activation. Because postural control is learned, we can apply this knowledge to treating patients
who lack proper coordination and balance by training the muscles and the body systems to adapt to
instability through these organized mechanisms. This is especially useful in elderly populations because
the majority of falls in older adults are due to perturbations in the surface they are walking on. Increased
balance training and muscle memory improvements could decrease the risk of falls in elderly individuals.
Horak and his colleagues defined perturbations to balance as being organized into two categories.
The first is sensory perturbation, which includes visual, vestibular, and somatosensory stimulations that
alter the perception of stability. Modifications of visual field sensory information could be a moving
visual target or a moving room environment. Electrical stimulation could alter vestibular information
while vibratory sensations on the muscle can act as somatosensory perturbations. The second category is
mechanical perturbation, where body segments are displaced to produce movements in the body‟s COM.
Researchers usually change the base of support to an uneven surface or a foam board surface to induce
instability of mechanical nature. The focus of these perturbations is to challenge the body to adapt to the
changes and learn mechanisms for avoiding instability (11).
Teasdale et al also acknowledged the presence of the factors influencing balance. Perturbation
during this 2001 study, published in the Gait and Posture Journal, was given in three forms. First, ankle
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proprioception was perturbed with vibration stimulation to both ankles. The subjects were also required to
wear translucid liquid-crystal goggles to disrupt normal vision, and headphones that transmitted auditory
stimuli to the ears. The participants also underwent reaction –time testing. The center of foot pressure
speed was indicative of the amount of activity needed to maintain balance (21).
Since visual occlusion is easiest to induce, many studies focused solely on the variable of vision
when both training and assessing balance (17, 12, 22, 13).
Studies have also shown that actual patterns are established and altered within the cortices of the
brain during balance training. With balance training effects, the human body once again demonstrates its
remarkable ability to adapt and set up defense mechanisms. These motor patterns are being developed
constantly and can be recalled by the brain later for reference and use during similar situations (9).

Source of Balance
Apart from the physiological and neural determinants of balance, some researchers believe that
the lack of muscular strength and support across specific joints provide the foundation for instability.
Targeting the source of balance and strengthening attenuated joints can improve stability and
neuromuscular control over balance because an increase in strength improves neural control and
sensitivity. The main areas or joints of concern are the core, knee joint, hip joint, and ankle joint. Many
concentrate on these areas because they are also the most commonly injured.
According to Horak, the body uses both “muscle synergy patterns and movement strategies” to
respond to postural control imbalances. The most common strategies are the stepping, ankle, and hip
strategies. The ankle strategy employs distal-proximal muscle response, while the hip strategy primarily
uses proximal activation of hip and core muscles. Most people use either the hip or ankle as a balance
point from which to focus control of posture. Faye B. Horak explains that “the hip strategy has been
shown to be most effective for moving the COM quickly and the ankle strategy is best for keeping the
trunk upright while moving COM.” Again, these strategies can be learned and are adaptable to new
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situations of imbalance. It has been shown that repeated exposure to unstable situations can increase
adaptations and muscle memory, therefore improving postural responses and balance. With practice, the
magnitude of muscle activation needed for strategic responses is also decreased. Decreased force
production and muscle activation delays ultimately increase balance performance by reducing sway and
improving the chance of recovering stability. Horak et al believes that these strategies are a neurological
“plan for action” in which the body must prioritize the spatial orientation of their limbs, the movement of
COM, and many other factors that contribute to postural control. Understanding the basis for these
neurological patterns of behavior can help us to determine the underlying cause of instability by focusing
on what exactly the CNS is attempting to control through these mechanisms.
Horak‟s article, “Postural Perturbations: New Insights for Treatment of Balance Disorders,” also
discusses the time it takes for muscle activation to kick in and responses to imbalance to occur. Delays in
initial response time could be due to conduction delays in the muscle or to a more serious condition such
as peripheral neuropathy, multiple sclerosis, or Down syndrome where the sensory and motor functioning
is impaired. Conversely, patients with Parkinson‟s disease may show the opposite effect by producing
spastic and over-activated muscle responses (11).
Researcher, Con Hrysomallis also noticed that the most common site of poor balance that is
associated with ankle injury is the mediolateral plane since ankle inversion injuries occur here. He found
that mediolateral postural sway was significantly correlated with ankle ligament injury in athletes (12). His
research provides the grounds for the strengthening of joints to improve stability.
Though there are many speculations about the major source of postural control in humans,
Reimer et al believes that the hip joint and ankle joint contribute equally to postural control. His
experiment examined the effects of muscular fatigue on the hip and ankle joints and whether the loss of
one significantly correlated with loss of balance. Eighteen healthy college-aged students were recruited
for this experiment, which lasted for three testing sessions separated by one week intervals. After a quick
warm up, the researchers had the participants perform a single leg squat or single leg calf raise with the
dominant leg in order to isolate the muscle groups. Both extensor and flexor muscles were fatigued at
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each joint. The subjects were tested before and after the induced muscle fatigue to see if their balance was
impaired. Reimer et al used three 20 second trials of the single leg stance test on a Biodex Stability
system to measure postural control. The researchers found that while muscle fatigue does impair stability
in a single leg stance test, there is no significant difference in the contribution between the hip and ankle
musculature (19).
Jeffrey Willardson‟s 2007 study focuses on the underlying mechanisms that make core
strengthening so important for balance. The article breaks down core stability, or the “lumopelvic
stabilizing system” into three subclasses: passive, active, and neural. Passive stability consists of the
spinal ligaments and bone articulations in the trunk. These ligaments allow for limited support of any
force placed on the lumbar spine. The active subclass is divided into global and local muscles. Global are
the large, superficial muscles, and those that increase intrabdominal pressure, while the local muscles are
small, deep muscles that control small changes in movement. The global active muscles are those that can
contract to help counteract the forces placed on the spine by distributing the load throughout the trunk.
The neural subclass acts as a monitoring system for stability by sending and receiving signals to and from
muscle spindles and Golgi tendon organs to ensure stability and also allow for range of motion.
Willardson also mentions how balance is a dynamic function and therefore it is impossible to identify the
muscle most responsible for stability over an entire movement because the contributions of the muscles
are always changing to meet load requirements. Therefore, it is necessary to simulate functional
movements in order to increase core stability for a specific sport (24).
Based on these articles, it can be deduced that additional experiments are needed to attempt to
understand the individual effects of isolating each specific joint and whether or not balance is a result of
instability in solely one area or collaborative effort of all these target areas.

Balance Training Rationale and Effectiveness
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Balance training has already been incorporated into physical therapy regimens to improve balance
in those who have suffered lower extremity injuries or disabilities. However, due to the fact that balance
affects so many aspects of our life and of our movement, it is worth considering a program for healthy
individuals that trains the components of postural control in order to improve performance or simply to
prevent injuries from occurring in the first place. Benefits of postural control training can also be
extended to elderly individuals, athletes, and clinical populations. The majority of studies involving
balance training have proved successful, as they have shown an increase in postural control. Many
researchers and authors cite the effect that an organized balance training protocol has on postural control.
These augmentations in balance serve to improve daily functioning, increase athletic performance, and
decrease the risk of falls and injuries. (24, 11, 7, 3, 16, 1, 5, 14, 12, 21, 13, 22, 23). These studies vary in length and in
procedure, though most involved a training period of approximately 4-6 weeks. More detailed research is
needed to determine the most effective method of training and whether incorporating multiple methods
combined produces additional effects.
Researchers led by DiStefano analyzed 16 peer-reviewed articles of studies that examined
balance testing on healthy individuals. These studies used tilt boards, ankle discs, and other unstable
surfaces to test postural control. Through their analysis of the 16 experiments, the researchers concluded
that balance training does have a significant effect on static and dynamic postural control. 14 of the 16
studies showed improvement in balance post-training. DiStefano, et al concluded that the two studies not
showing improvements may have used a training method that was too simple for healthy subjects to show
any change. The researchers also looked at the duration of study and found that 4 weeks seemed to be
sufficient for improving static and dynamic balance. Most of the studies used 10 min training sessions, 3
times/week for four weeks. They also noticed that hardly any of the studies focused on participant
adherence to the training program. However, they concluded that any type of training can show balance
improvements, and that a progressive, four-week program is best to show improvements (6).
Researchers Nitz et al did a pilot study to test whether the Nintendo Wii Fit ® could be used to
improve balance. The study involved ten women aged 30-58 years who performed a 30-minute training
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session twice a week for 10 weeks. Pre and posttest measures were taken using the Clinical Test for
Sensory Integration of Balance, reaction time and single-leg stance on a force platform. Several other
methods of testing were used to examine balance and mobility, flexibility and muscle strength, and
somatosensory responses. While somatosensory information did not prove significant, balance and
strength quickly showed improvement (16).

Types of Balance Training
It is clear that there is no single method for improving balance. More traditional methods include
using foam pads or wobble boards to create uneven and unstable surfaces (3, 12, 13). Though many of these
methods do improve balance, they are boring and repetitive for the patient. There are many new products
being marketed as tools for enhancing balance and new ones are emerging all the time. For example, tilt
and wobble boards like the BOSU Balance Trainer ® were established as an upgrade from simple pieces
of foam. These tools to more rigorously stimulate balance mechanisms by amplifying the instability of the
training surface. These products consist of a flat board that is attached to a flexible, semicircular base that
possesses the capability of rotation when a person stands on top of the flat portion of the object.
Another common product known for use in balance training is the Swiss ball. It is simply a large
inflatable rubber ball which can be used as an unstable base to provide vestibular perturbations to the
subject. The Dyna Disc ® was developed for the same basic concept and is fairly similar to the Swiss ball
except that it is smaller and flattened and is used in a standing position.
Recently, therapists have been incorporating other types of training into their protocols (7, 3, 20, 9, 10,
16, 1, 5, 8, 14, 15)

. Virtual reality training has surfaced as the latest form of balance training. Commercially

marketed gaming consoles and programs like the Nintendo Wii Fit ® or Dance Dance Revolution are now
being used in testing and rehabilitation centers. Patients training using these products are challenged to
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shift their COP and postural orientation through dynamic exercise. Patients therefore are forced to induce,
and adapt to postural alterations by initiating balance control systems.
Many studies have been conducted that compare the various methods of training and their effect
on postural control. For example, Behm and associates found that performing exercises a Swiss ball as
compared to stable surfaces resulted in a much higher activation of the core muscles needed to maintain
stability. This was also true when the researchers examined unilateral movements as opposed to bilateral
movements. Unilateral bench presses yielded a higher activation of stabilizing muscles because the limb
was moving outside the body‟s center of mass. Behm and his team of researchers found that a
destabilizing component was necessary to promote the highest balance improvement.
Other studies by Vera-Garcia and Behm and associates showed that exercises on the Swiss ball
produced higher muscle activation and could impact both strength and endurance. However, the
researchers noted that the ROM allowed for on the Swiss ball may hinder the muscle‟s ability to produce
an optimal amount of force and therefore could limit the training effects. Another point made was that the
Swiss ball may provide too much instability because an athlete is unlikely to encounter those extreme
conditions. Studies suggest that regular weight training modified to standing, unilateral motions may
provide enough core muscle activation already, while Swiss ball techniques may reduce the transferring
the stability to a specific sport.
Willardson‟s study adds that although core stability training on unstable surfaces may not be
directly applicable to specific sport movements, it can be a crucial factor in avoiding injury because it can
increase the sensitivity of the muscle spindles and promote the development of stronger compensatory
responses by the neuromuscular system (24). Many other researchers also found the Swiss Ball effective in
improving balance (2).
Researchers James Yaggie and Brian Campbell conducted a study published in 2006 that
analyzed how balance training on the BOSU Balance Trainer ® could affect postural control, power, and
agility data in pre and post training results. There were 36 healthy participants (Intervention= 17;
Control= 19) involved in the study which lasted over a period of six weeks. Pre-test and post-test
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measures were taken at zero and four weeks and retention test measures were taken at six weeks. Training
lasted for only the first four weeks of the study.
A force platform was used to track single leg postural sway parameters in the dominant leg.
Balance was also tracked by the amount of time the participant could stand in the center of a BOSU
Balance Trainer® on the dominant leg without falling off. Power was measured using a vertical jump test
in which the subject touched an ink-marked finger to the wall at the peak of their jump. The difference
between the subjects‟ height with their arm extended while standing on the ground and the mark during
the jump was measured as their jump height. Agility was observed in a shuttle-run test that involved
sprints in the forward, backward and side directions. Time taken to complete the shuttle run was recorded
during pre, post, and retention testing.
The intervention group trained on the BOSU Balance Trainer® three times per week for 20
minutes at a time. The difficulty of the exercises increased as training progressed. MANOVA tests were
used to examine the statistical significance of the results after the pre-testing, post-testing, and retention
testing data was collected.
Both the control and intervention group showed an increase in the amount of time they could
balance on the BOSU Balance Trainer® across the three testing sessions, though the intervention group
showed a more progressive difference over time. This suggests that there may have been a learning effect
since both groups showed improvement. The intervention group also had a significant decrease in time
needed to complete the shuttle run before and after testing. However, there was no significant indication
of retention and no difference in the control group. There was no effect on the vertical jump measures for
either group.
The force platform data showed a significant decrease in total sway during quiet stance in the
intervention group after training and in retention training. No differences were shown in the control
group. The dynamic stance data revealed a significant increase in fore-aft displacement yet no retention
effect. Again, the control showed no difference.
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The study showed that there can be a training effect on static and dynamic postural control and
agility following a balance improvement protocol on the BOSU Balance Trainer® (25).

VR Training
One of the latest methods being introduced to physical therapy or athletic training is virtual
reality (VR) training. Many are using these computer-based systems because they provide continuous
feedback during therapy, allow patients to practice repetitive motions in a safe environment, and free up
health professionals, while still showing similar balance improvements to those gained from traditional
types of therapy. Also, many of these products are commercially produced, making them widely available
and cost effective. Despite its benefits, there are some concerns with the effectiveness of the virtual
programs in training balance compared to conventional training. Additional concerns mention the level of
difficulty for use in disease populations since these “games” were developed for healthy individuals.
Jonathan Wheat and Ben Heller, et al conducted a study which tried to build a more cost-effective
means of balance training using a computerized gaming system. They adapted a system using electronic
scales and force transducers connected to a computer that cost much less than the 8700 dollar system used
by previous researchers. They then divided sixteen healthy female participants into a control and
experimental group to test whether the new device actually improved balance. The participants played the
video games for 15 minute sessions, three times a week for four weeks. Postural control measures were
recorded pre and post training using a double leg stance (eyes open and closed) and a single leg stance
with eyes open while focusing on a visual target. Each trial was 60 seconds in duration and the data
collected was analyzed by ANOVA. Postural sway measures were not significant except in the anteriorposterior direction with eyes open between the intervention and control groups of Wheat et al‟s study.
Due to the limited results, more data is necessary to determine whether the new system has a training
effect and not only a learning effect (7).
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Some may wonder if virtual reality provides any significant advantage for learning motor skills
than traditional training. One study found that those who practiced tennis skills in a virtual reality setting
with a virtual teacher performed better after training than did those who trained with an expert tennis
coach. Other studies showed that subjects displayed similar results in the acquisition of skills, but that
virtually trained patients retained the skills longer and were more able to transfer them to real situations.
An article by Holden et al suggests that virtual reality works because it is based off the
knowledge that humans learn to perceive motion patterns through end-point trajectories. In the interactive
virtual world, the end-point and goal for improvement is clearly defined and patient learning is augmented
(10)

.
A 2008 study by Kirk Brumels, et al compared the effectiveness of four different balance training

methods. In this five-week study, twenty five people (12 females and 13 males) were recruited to
participate. Participants were divided into four groups (1 control, 3 experimental). The first group was the
control group, which received no treatment. The second group underwent a traditional balance training
protocol. The third group was trained using the Dance Dance Revolution (DDR) videogame system where
players had to jump to response arrows on the DDR game mat that pointed in anterior, posterior, medial
and lateral directions when the corresponding arrows appeared on the video screen. Participants were
instructed to play while standing on only one foot and played three pre-determined games on the DDR.
The fourth experimental group used a Nintendo Wii Fit ® protocol and adhered to the specific programs
designed for balance provided by the Wii game. The researchers selected three games for the participants
to play for about 4 minutes each.
Participants performed their designated training program three times a week for four weeks and
the sessions lasted 12-15 minutes. After post balance testing, Brumels et al found that there was a
significant improvement in balance in the SEBT test after traditional treatment in the medial and
anteromedial directions. The DDR group also showed improvement in average displacement from the yaxis during eyes open COM testing on the force platform. Participants involved in the Wii Fit training
improved in average deviation from the y-axis on the force platform with eyes open.
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Those involved in the study were also asked to fill out a questionnaire about how much the
treatment was enjoyable, engaging, and difficult. Both the Wii Fit and DDR groups showed significant
improvement in postural control over the traditional training group and had the highest scores for being
enjoyable and engaging. The traditional method had the highest scores for difficulty and the researchers
noted that this is probably the reason for decreased enjoyment. Also, they noted that although the
traditional method is effective in improving postural control, the low level of enjoyment would ultimately
lead to limited results due to decreased compliance. Overall, the study showed that video-game based
training should be used by physicians as a prescribed treatment because it does have significant training
effects and has a higher chance of compliance to the protocol (3).
Apart from improving balance, VR training can also be utilized for the rehabilitation of
neuromuscular injuries or for enhancing motor functioning in patients with clinical diseases. This article,
composed by Maureen Holden, is a collection of evidence supporting the use of virtual reality programs
for rehabilitation purposes. She highlights the advantages of using such a system over traditional
methods. Because the performance of a task is learned through trial and error and feedback from the six
senses, virtual reality provides a convenient, safe, and easy environment in which to practice motor
controlled movements. The virtual world enables patients to repeatedly practice skills with the help of a
virtual teacher who provides feedback and motivation throughout the rehabilitation session. The feedback
given during the session is immediate for every trial attempted and has been shown to increase the rate of
learning new skills.
Another very important aspect of the repetitive training that VR can facilitate is that increased use
of a limb and the practice of specific movement patterns can induce neural adaptations in the cortices of
the brain. Pathways in the brain become functional, larger, and more efficient as cortical organization
changes. Virtual training also makes rehabilitation more fun and entertaining for the patient, keeping them
motivated to continue motor learning.
Golomb et al have also investigated the many benefits of virtual training. She mentions that
because occupational therapy is expensive and many times inaccessible for patients with neurological
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disabilities, the virtual gaming provides a practical solution for allowing continued rehabilitation because
it is an in-home program that can effectively measure movement and monitor patient progress (8). In a
2004 study, Sveistrup also addressed the fact that people with debilitating neurological conditions are in
need of extensive and ongoing training for years. However, most of them are forced to discontinue
treatment after reaching a certain minimal functioning level. Virtual rehabilitation may provide extended
training for those without access to a formal rehab program (20). It also seems to have long term effects
both due to the coordination training it provides and to the increased adherence to the program. Golomb
and her colleagues also address the importance of individualizing the software to a patient‟s skill level so
that those with disabilities can quickly perform tasks or interact in environmental situations that may be
impossible in real life due to the patient‟s condition (8).
Another author commented that the on-screen virtual world also required constant focus and
attention, which reduced the participant‟s ability to watch his feet and could contribute to real-world
transfer of the skill. McComas et al reported that virtual reality rehabilitation can decrease the demand on
physical therapists by providing an adaptable and applicable virtual world that is controlled by the patient.
Researcher Heidi Sveistrup emphasizes the importance of patient submersion into the virtual
world through sensory interaction with the people, objects, and environment of the program. She also
mentions the high level of enthusiasm and motivation displayed by patients using this form of
rehabilitation. Virtual training has shown improvements in patients with many different conditions,
affecting all parts of the body, physically and cognitively. Patients have also reported increased
confidence and enjoyment, with less frustration and boredom as compared to traditional training (14).
According to studies conducted by Holden, et al, another advantage of the virtual software use on
clinical populations is that the virtual environment difficulty can be easily adapted to the patient skill level
and can produce scenes that may be unsafe or produce negative consequences for the patient if done
traditionally. (9).
Middlemas et al conducted a study using the Nintendo Wii Fit ® VR training device and noted its
advantages for use in clinical therapy. The researchers stated that because the Nintendo Wii ® provides a
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virtual character that represents the player‟s level of fitness, the therapist can easily track the person‟s
progress using the game‟s inherent adaptation feature. It automatically adjusts the difficulty and intensity
of the workout as the person improves. Some authors suggest that Wiihabilitation combined with
traditional therapy may yield the best results. For example, the Wii Sports boxing game can be played
while standing on an uneven surface, the bowling game can be played using tension bands or weights, and
many games can be played while standing on one foot. This combination of techniques still provides the
benefits of traditional therapy methods while incorporating the fun and engaging factor of the Wii Fit
game. These additional modifications to the Wii Fit game can increase strength and endurance and so the
researchers consider the Wii and other interactive games to be an “additional resource” rather than a
replacement for traditional therapy (15).
These experiments point out the many advantages of virtual training, including the ability to
individualize treatments for a population of varied functional ability, ease in increasing the difficulty level
as the patient improves, and ease in documenting progress achieved.

Validity of VR Training
Despite the various advantages to using VR training to improve postural control, there is some
concern over how accurate these programs are at monitoring progress and measuring variables of
movement and postural sway. Because these commercial computer-based gaming programs were
originally designed for entertainment purposes, there is some degree of uncertainty about the validity of
the use of these programs for measuring balance and other rehabilitation variables. It is possible that the
entertainment value of these gaming systems exceeds the value of postural control improvement and its
ability to accurately assess balance.
Force platform measures of balance are considered the gold standard. However, they are
expensive, difficult to set up, and hard to transport from place to place. Other measures are available, such
as the Berg Balance Scale, which do not require extensive equipment that can give important information
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regarding balance. However, there are many limitations to these methods including ceiling effects and
low sensitivity of performance changes. A study by Ross Clark and his associates aimed to determine
whether the Nintendo Wii Fit ® was a suitable alternative for Force platform data in clinical settings.
Because the Wii is portable, inexpensive, and is mass produced and readily available, the Wii Balance
Board seems like a perfect substitute for the force platform. The Wii Balance Board contains four Forcetransducers that provide continuous and immediate feedback on center of pressure information. The
researchers also noted that since the Nintendo Wii Fit ® is based on interactive gaming technology, the
use of the device in a clinical or rehabilitative setting may increase patient compliance to their exercise
protocol.
Clark et al‟s experiment consisted of 28 participants that were tested twice on four different
standing balance tasks. Dominant leg eyes open and closed, and double limb eyes closed feet together,
double limb eyes open feet apart were the tasks required by the researchers. Each task for single leg
stances lasted 10 seconds, while double leg stances lasted 20 seconds and three trials were performed for
each task. The variable analyzed was total COP path length since these measures are analogous to the
average COP velocity and total path length is known to be a reliable measure of standing postural control.
The researchers used a Bland-Altman plot for assessing the COP path lengths of each device.
They found that the Wii Balance Board showed a tendency towards higher mean COP path length values.
However, both devices showed good test and re-test COP reliability and the Wii showed similar validity
to the Force platform. It is suggested that the differences between the COP values of the two devices can
be attributed to the level of specificity and precision of the sensors of the devices or the difference in
texture or hardness of the testing surface.
Unfortunately, the researchers reported that there are some limitations of the Wii Balance Board
that prevent it from completely replacing the Force platform. For example, the Wii provides data based on
only two axes. The horizontal axes measures are required in COP equations and the Wii does not have the
capacity to measure horizontal force data. Despite this flaw, Clark and his associates feel that the Wii

45

could “potentially “bridge the gap” between lab testing and clinical testing.” More research is needed to
assess the diagnostic and prognostic accuracy of the device on clinical populations. However, because the
Nintendo Wii ® is concurrently reliable with the force platform, it could be used to improve clinical
practices on patients with balance control problems (4).
Researchers acknowledge that more information is necessary to determine the efficaciousness of
an actual balance training program performed using the Nintendo Wii ®. Some speculate about whether
the scores for the Wii Sports games correlate with balance and postural control improvement (15).
Other studies express researcher apprehension due to concern that because the Nintendo Wii ®
and other commercially marketed gaming systems are marketed for healthy people, they may be too
challenging for clinical populations to handle. Perhaps a more individualized program is needed to target
these individuals (8, 15).

Compliance Statistics
Another added benefit to using VR training, especially for rehabilitation, is an increased
adherence to the prescribed training protocol. It is well-known that the level of improvement and progress
in rehabilitation is proportional to the compliance of the patient to do the exercises at the required
frequency, etc. Through increasing enjoyment and entertainment, virtual training programs engage the
patient and motivate them to continue training.
When comparing virtual training methods versus traditional therapy compliance rates among
patients, Deutsch et al found that participants who received rehabilitation on the Nintendo Wii ® Balance
board reported consistent enjoyment over the 12 hours of training, while the standard of care participant
had mixed enjoyment and enthusiasm (5). Many other studies also report significant increases in
enjoyment and compliance with a virtual training program (20, 3, 13).
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A multitude of different factors can contribute to decreasing patient compliance to training
protocols. Researchers Middlemas et al have noted that both situational and personal factors can affect
patient compliance to exercise programs. Personal factors are described as self-motivation, pain-tolerance,
and tough mindedness; while situational factors include social support and time management. Middlemas
also stated in his research that exercises that lack a clear relation to the rehab also decrease patient
compliance (15).
Brain trauma patients involved in a virtual rehabilitation study by Betker et al were asked to
complete a qualitative assessment regarding the degree of enjoyment of the games and their motivation to
play them. The participants ranked the video games highly and reported that they were more enjoyable
and preferred using them to complete their exercises as opposed to traditional therapy (1).
Researchers in a study led by Golomb et al reported that virtual rehabilitation training seems to
exhibit long term effects, both due to the coordination training it provides, and to the increased adherence
to the program. They mention that adherence is especially important in determining progress and that the
virtual rehabilitation systems provide an entertaining yet challenging environment for the patient. The
study found that feedback gained from these systems also prevents frustration by providing auditory
encouragement and by breaking down motions into simpler tasks and individualizing the game for those
with disability. This allows the patient to see many small improvements along the way and keep their
motivation high (8).
Obviously, the more effort and time patients put into rehabilitation affects the level of
improvement that occurs. Studies indicate that increased patient compliance to prescribed protocols may
explain why some VR experiments show that participants training on virtual gaming systems exhibit a
greater degree of improvement following training.
Elderly Populations
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One major demographic in which VR balance training provides a huge potential is in older adults.
As people age, they gradually begin to show a lessening in sensory responses and prior research has
shown that there is a strong correlation between balance control and cognitive processes and sensory
stimuli. Because the vestibular system, nervous system, and visual system all contribute to balance
control and agility, and the elderly experience a degradation of neural sensory input, it makes sense that
older individuals would have reduced balance compared to younger adults. This reduction in balance puts
the elderly at a significantly increased risk of falls and injuries. The strength and tone of skeletal muscle
and bone also decline during the aging process, making the occurrence of falls a fatal risk. Hip fractures,
broken wrists, and torn rotator cuffs are common injuries seen in older adults due to falls and a lack of
balance. Studies show that balance training can improve postural control in older adults and prevent falls,
thus decreasing the risk of injury. Perturbation training is one of the most effective methods of improving
balance in elderly populations because it retrains the body systems to be more sensitive to instability and
anticipate balance reactions. Reaction time is another skill that slows in older individuals and can impair
the body mechanisms used to maintain stability.
N. Teasdale and M. Simoneau aimed to determine whether older adults needed to commit more
focus and attention to maintaining balance than younger adults. The experiment included the use of an
AMTI Force Platform to measure postural control in several different conditions while sitting and while
standing. The study involved perturbations of balance to examine whether the older adults took more time
and effort to regain their stability. The center of foot pressure speed obtained by the force platform was
indicative of the amount of activity needed to maintain balance.
Eight elderly persons with a mean age of 68 and eight young adults with a mean age of 25 were
recruited for the study. All subjects were given a cognitive questionnaire to assess their memory,
orientation, and mental status. Perturbation during the study was given in three forms. First, ankle
proprioception was perturbed with vibration stimulation to both ankles. The subjects were also required to
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wear translucid liquid-crystal goggles to disrupt normal vision, and headphones that transmitted auditory
stimuli to the ears. The participants also underwent reaction time testing.
The results of the study showed that older adults had a significantly faster center of pressure
speed than younger adults in all conditions. The older adults were more affected by the perturbations than
younger participants and required sensory information to maintain stability during reintegration tasks.
However, when perturbations included extra sensory information, older adults had a limited capacity to
reprocess the added stimuli and organize a hierarchy of attentional demands (21).
Following evidence suggesting that decline in visual acuity significantly reduces balance control,
Perrin et al also focuses on the influence of the timing of CNS processing as it slows with age as well as
other somatosensory processing functions. Muscular and osteoarticular mechanics may also contribute to
motor reflexes in response to balance perturbations. Latency in muscle activation and sensory perception
simultaneously affect the time needed to respond to postural changes.
Perrin and his colleagues recruited 50 healthy individuals between the ages of 60-84 for the
balance study. This intervention group underwent posturography tests. The control group was made up of
41 healthy younger individuals around the age of 30 were also tested using posturography and were
compared to the older population.
The testing room was sound proof, with artificial light and a force platform that measured vertical
COP forces and body sway. The participants did a 20-second quiet single leg stance test with their eyes
open and closed to test for differences with changes in visual perception cues. The subjects then
performed a series of dynamic tasks with their eyes open and closed. The first was a 4 degree backward
tilt in which the person's anterior tibial muscle and gastrocnemius muscle were examined through use of
electromyography. The second test required that the subject stand on a rotating platform. Good balance
was indicated by a frequency reading the same, but in the opposite direction as, the platform oscillations.
Center of pressure results were higher with the participant's eyes closed and were significantly
higher in older individuals. This shows that body sway increases with age and that visual stimuli play a
49

large role in maintaining balance for older persons, as expected. Perrin et al suggests that this loss of
sensory receptors is believed to cause the prioritization of visual cues in older people.
The researchers also measured the speed of nervous conduction and CNS activation indirectly
through use of the electromyography readings. They found that older people had a longer muscle latency
period, indicating a slower neural response (17).
Since it is known that older adults experience an overall decline in postural control and sensory
input, it is important to determine whether elderly people can acquire the balance training benefits that are
observed in young healthy adults. If balance training programs are effective in older adults, it implies that
the effects of aging on balance can be improved at any age, and possibly, that further degeneration of
postural control can be prevented. Developing balance skills for this demographic could help people
avoid the need for medications or nursing homes by providing a means of promoting independence
through enhancing physical functioning in activities of daily living. By reducing fall rates, balance
training could also decrease the incidence of injuries and hospitalizations, and ultimately improve the
quality of life for elderly individuals.
“Balance training program is highly effective in improving functional status and reducing the risk
of falls in elderly women with osteoporosis: a randomized controlled trial,” published in 2007, is another
study examined the effects of elderly populations with clinical conditions such as osteoporosis. According
to Madureira, Osteoporosis affects 55% of the elderly population and the lack of strong bones often leads
to falls, causing fractures, morbidity, and mortality. These falls can be very serious in older adults and are
the sixth cause of death for patients over 65. The researchers of this study noted that balance is an integral
part of preventing these falls and helping patients maintain a better quality of life.
Using this knowledge, Madureira et al performed a study on 66 elderly females over the age of 65
who suffered from osteoporosis; (by definition: bone mineral density T-score lower than -2.5). This 12
month study consisted of a control group, which received normal treatment for osteoporosis, and an
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intervention group, which underwent a balance training program for one hour per week with a fitness
expert and also completed at-home training exercises three times a week for 30 minutes.
The participants‟ balance was measured before and after the training period of the study.
Functional balance was measured using Berg Balance Scale, while the Timed up and go test was used to
measure functional mobility. The static balance of the intervention group improved significantly in two
different postural conditions compared with the control group. The participants‟ functional mobility also
improved, and the number of falls within the intervention group was reduced. Therefore, the researchers
concluded that balance training is effective in treating elderly women with osteoporosis by improving
functional capacity and stability (13).
Neuromuscular Rehabilitation
Apart from use in healthy populations, many studies show that VR training and balance training
can be beneficial in neuromuscular rehabilitation. Strengthening major joints and training postural control
can not only improve stability but also serve a prophylactic role in preventing first-time or recurrent
injuries.
One study that examined the effects of balance training in athletes was done by Verhagen.
However, his results contradicted most current findings. This study focused on chronic ankle sprains and
whether balance training could help to reduce the incidence of injury. Researchers Evert Verhagen, et al
designed a 5.5 week balance regimen consisting of 14 different exercises performed on and off a balance
board. Each exercise had variations to increase the intensity and difficulty of the training. There were 30
people who participated in this study and they were divided into three groups. The first eight subjects
were already involved in an organized volleyball program and were considered to have a higher degree of
postural control before performing the balance training. Of the remaining 22 participants, 11 were
assigned to be in the “intervention “ group and received training while the other half was a control group
and did not receive balance training. The study involved both previously injured and non-injured
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participants in all groups. Participants who underwent balance training performed the prescribed exercises
for a duration of fifteen minutes twice a week for the 5.5 weeks. Training and testing was also done on
both legs to compare any differences between dominant and non-dominant legs.
The researchers of this study hypothesized that the intervention group would show significant
improvements in balance and less deviation from the COP after training, while the volleyball group would
also show improvement in postural control but to a lesser degree. After analyzing the data using ANOVA,
Verhagen et al found no significant difference between the postural sway of the three different groups.
The researchers concluded that the balance program used was an ineffective means of improving postural
control and attributed the results to a learning effect since all of the participants in the study showed a
very slight decrease in COP excursion after the study (22).
However, a second study by Verhagen investigated the occurrence of ankle and knee injuries in
116 male and female volleyball teams. There were a total of 1127 players involved in the study. 66 of the
116 teams were put in the intervention group using a randomization program and 50 teams made up the
control group. The study lasted over the 36-week-long volleyball season. Players were required to report
all injuries, absences from playing, and number of playing time hours to the researchers throughout the
season. Participants engaged in a balance training program which incorporated 14 basic exercises on and
off a balance board. Variations of the exercises were included each week to progressively increase the
difficulty and intensity of training. The players performed 4 of the 14 exercises per week. One exercise
carried out once on each leg lasted approximately five minutes.
The Cox regression analysis was used to determine the risk of ankle injury between the
intervention and control groups. The control group had 102 injuries in 42,960 playing hours, while the
intervention group had 132 injuries in 62,477 playing hours. This averaged to about 2.1 injuries per 1000
playing hours for the intervention and 2.4 injuries per 1000 hours for the control.
The study found that ankle sprains occurred more frequently during play than knee injuries,
which were often a result of overuse and not caused by deficits in postural control. The researchers also
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noted that the Cox regression analysis showed a lower occurrence of ankle injury in the intervention
group and a lower risk for those in the intervention group who had suffered a previous injury.
The researchers suggested that the proprioceptive balance board training be used as a
prophylactic measure against ankle sprains but did not recommend the training for players with a history
of knee injury in order to avoid overuse injury (23).
The conflicting results of these two studies suggest that perhaps the control and intervention
groups of the first studies were also active individuals, although they were not on an organized team. This
could account for the similarities between the groups. Also, the fact that the second study used a much
larger sample size could have affected results.
Hrysomallis is another author who examined the effect of balance training in those who
experienced chronic ankle and knee injuries. Through research of previous literature, Hrysomallis has
found that athletes with poor balance are about 2-3x more likely to experience ankle or knee injuries. His
research revealed similar results in both males and females in a variety of different sports including
soccer, football, and basketball.
His article, published in 2007 in the Sports Medicine Journal, provides a possible intervention
method for improving balance and thus reducing the risk and occurrence of injuries. Hrysomallis notes
that neuromuscular training must be included in the intervention balance in order to strengthen the target
joint. Tai Chi training was shown to effectively improve agonist and antagonist stability around the ankle
joint while providing an element of agility training as well. The participant group doing the intervention
training was shown to have a reduced re-injury risk. However, they added that the risk of injury is
probably due to many factors and not solely due to poor balance. They concluded that the multifaceted
interventions were effective in improving overall balance but they do not distinguish which factor most
contributes to the increase in balance performance or whether the factors add to produce improvement (12).
A research study lead by David Middlemas looked at the effect of using the Nintendo Wii ® for
rehabilitation of athletes, since the method has been shown to increase performance in clinical
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populations. The researchers suggest that use of the VR based Nintendo Wii ® for rehab programs, or
“Wiihabilitation,” could serve as a more effective tool for athletes than traditional modalities because the
Wii is controlled by physical interaction and the tasks are more applicable to sport situations. The game
requires that players are active and actually performing range of motion skills that will be replicated
during sports or physical activity and therefore, it is easier for the patient to imagine themselves getting
back into the game once they recover. It provides a clear picture of the goal for the end of the program
and it can be used as a bridge because it is an easier transition from rehab to the actual playing field (15).

Disease Therapy
Not only is balance training important for healthy individuals, but especially for those with
diseases such as cystic fibrosis, Parkinson‟s, and multiple sclerosis, which directly impair coordination
and balance control. VR training can also play a major role in rehabilitating the postural control of
individuals who suffer from these debilitating diseases, as well as providing additional means for training
motor functioning in these clinical populations. Training effects can greatly enhance the quality of life for
people suffering from coordination disorders by enabling them to function more efficiently and maintain
their independence.
A study by Betker, et al examined three case studies on people who were being treated in an
outpatient physical therapy clinic to work on balance control and gait improvement. The first subject was
20 years of age and was recovering from the removal of a cerebellar tumor. The second was 58 years old
and had suffered a brain infarction after an accident. The third case study was a 41 year old who also
experienced an injury to the brain. The researchers in the study sought to improve patient compliance to
postural control training regimens, and in turn, improve the patients‟ functioning in activities of daily
living through improved balance. They actually designed their own interactive video game in which the
participants had to shift their weight to control the game while standing on a mat that detected their COP.
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The three participants were present for eight sessions of playing time lasting 45 minutes in duration over
three weeks.
Measures of postural sway, COP excursion, COP trajectory, and number of falls were taken pre
and post exercise using the Force Sensitive Applications pressure mapping system. The participants were
required to perform several tests that challenged their balance while standing on a foam pad or fixed floor
surface and using weights or moving into different postural stances to make balancing more difficult.
Participants performed these trials with their eyes both open and closed for 20 seconds each.
Though the participants‟ results post training were not without error or falls, each of them showed
at least some improvement in the tasks they had difficulty with before training and reduced their number
of falls. Some of the case studies showed that the person could not even carry out the task before training
and were able to perform it for the full 20 second time requirement after training. However, some of them
showed little improvement in tasks that they performed fairly well in during pre-training testing. This
study is a good indicator that balance training can be an entertaining as well as effective form of
rehabilitation for people who have suffered trauma to the brain, but that additional studies involving more
subjects are necessary to confirm their findings (1).
A balance study by Deutsch involved only two participants, one male and one female, who
suffered a stroke within five years of engaging in the experiment. Both individuals retained some motor
and cognitive disability due to damage to their brain tissue. Deutsch, et al examined the effects of a
training program using the Nintendo Wii Fit ® Balance board versus classical rehabilitation techniques.
One of the participants trained using the balance board for four weeks in one-hour sessions, while the
other trained at the same frequency with standard of care interventions consisting of balance, strength,
and cardiovascular training. The researchers observed the participants' gait using the DGI (dynamic gait
index) and also gathered information through various questionnaires including the Berg Balance Scale.
The timed up and go test was also administered to the participants because of their history of being a
useful tool in categorizing post-stroke patients. Physical activity level prior to training, physical
disabilities, and cognitive disabilities were all taken into account before beginning the research. For each
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of the participants, their symptoms improved with training. This study showed that the Nintendo Wii Fit
® and Balance board can provide beneficial effects when used as a tool for rehabilitation of stroke
patients (5).
Apart from augmenting balance, virtual training programs can also be used to improve other
aspects of coordination and motor functioning. A pilot study by Golomb investigated the use of a virtual
gaming system to improve hand functioning in a 15 year old boy with hemiplegic cerebral palsy. The boy
in the pilot study trained for 14 months using the at-home gaming system. After the training period, his
hand functioning improved in movement coordination and in the ability to bear weight. His bone health
on the plegic side also improved dramatically because he was able to use the affected hand more. These
improvements were maintained for at least another 14 months after the end of the rehabilitation training.
The researchers also commented on the use of the Nintendo Wii ® as a rehabilitation method for
disease populations. They noted that although there has been some success with patient adherence and
motivation, the Nintendo Wii ® was designed for healthy populations and may be too difficult for
disabled individuals to use. Therefore, a virtual gaming system that is geared directly towards clinical
populations may be needed to prevent loss of motivation (8).
A study conducted by Holden et al at MIT focused on two subjects that had suffered from strokes
and had very limited functional capacity to control one side of their body. Prior to the study, subject one
had no functional control over his right arm, while subject two had left arm hemiparesis. Subject two
could move the affected arm but had a more severe degree of left side attentional deficits, movement
initiation and planning impairments, and a hyperactive grasp reflex.
Both subjects underwent 16 sessions of a training regimen in which they trained on a virtual
reality program that centered on performing a specific task. The single task being trained was the ability
to put a letter into a mailbox and the trajectory of the arm movement was recorded. Pre and post measures
of arm functioning were obtained through the use of the Fugi-Meyer test and the SAILS test. Gross and
fine motor skills as well as ADL skills were measured on each subject to establish a baseline to compare
with results.
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Post intervention, the SAILS and Fugi-Meyer test showed insignificant changes in functional
capacity in the affected limb. However, both of the subjects showed continual progression throughout the
virtual protocol and ended their treatment on the most difficult skill level. The subjects also showed
improved trajectory paths both in the virtual environment and during real world tasks. This showed that
the virtual training did transfer to real life applications. The subjects also showed improvement in
performing some tasks that were similar to the prescribed task in the virtual training. The researchers
noted that more difficult tasks may have to be directly trained using the virtual system in order to become
a learned skill. Subject two did have more difficulty performing the prescribed tasks because of her
increased severity of disability. The researchers noted that virtual reality programs need to be
individualized to clinical populations in order to allow those with disabilities to effectively and
successfully learn and perform skills.
Holden and her colleagues attributed the motor functioning improvements to the virtual training
program since both subjects were post-stroke and past the point of spontaneous recovery. They also
commented that the increased repetition of the training may have been a factor in their progression
towards accurately performing the tasks. Another important factor in the applicability of the skills to real
life was the feedback given by the virtual teacher and by the therapist. The study showed that increased
frequency of feedback lead to better performance in the virtual world but less transfer to real life
functioning. The researchers decided that feedback should be limited so that the patient can learn to
achieve the tasks without help and can then retain the skills later (9).
McComas et al address the issue of clinical populations using equipment intended for healthy
individuals. McComas et al focused on the use of virtual rehabilitation for improving postural control,
especially in those with neurological impairments such as traumatic brain injury or multiple sclerosis. In a
recent and ongoing study, McComas et al seek to determine whether continued virtual reality training can
improve balance over the long term. The study is being conducted on one male with traumatic brain
injury. He is instructed to stand on a force platform that measures his center of pressure movements. The
virtual reality environment is a snowboard game where he is required to shift his weight on the platform
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in order to avoid obstacles such as trees or rocks on the virtual ski course. After 25 one-minute trials, his
short term balance seemed to have improved and he attained a more symmetrical weight bearing stance.
The participant reported that the game took about 2-3 minutes to become comfortable with and that it
remained challenging for the entire 25 minutes. The movements required by the virtual environments are
also broken down into more manageable tasks for people with physical or cognitive impairments. This
may be a key factor in helping those with neurological impairments relearn to control and coordinate
movement effectively (14).
Not only can VR training be used to strengthen neuromuscular coordination of movement, but it
can also be used to train cognitive disabilities. A study done by Plohmann et al investigated the use of a
virtual reality training program on patients experiencing cognitive disabilities as a complication of
multiple sclerosis. Attention was acknowledged as being the target area for cognitive improvement in
patients with MS. They examined several different variables of attention including alertness, sustained
vigilance, selective attention, concentration, and divided attention. Not all patients received testing on
every variable, but rather focused on a few of their own greatest weaknesses within those areas. The 22
subjects were tested during 12 sessions over the course of 3 weeks for 40 minutes. The results showed
that the subjects did benefit from the VR training and had a greater degree of attention-related skills after
treatment. However, researchers found improvements in areas that certain subjects were not trained in,
suggested that the skills were cognitively linked and that learning occurred across different types of
training. The subjects also improved in overall functioning capacity, indicating that the VR program
proved beneficial for MS patients (18).

Conclusion
This review has illustrated the potential for interactive virtual gaming systems to be used as an
effective tool in a variety of settings including motor and cognitive rehabilitation, therapy for diseases and
conditions that impair coordination and movement, and for improving balance. As many of the included
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studies mention, patients using virtual training have reported that it is entertaining, yet challenging. This
unique feature motivates patients to adhere to the prescribed protocol, thus increasing therapy benefits.
Virtual rehabilitation training provides an advantage to disease populations in that it can adapt to fit
individualized functioning levels. It also creates a safe and fun environment to practice new skills
independent of the negative or harmful consequences that may occur during mistakes in real world tasks.
There are also a significant number of studies that show the importance of balance training to
prevent injuries in both young and older adults and improve performance in sports or efficiency in
activities of daily living. The improvements in postural control attainted through balance training can
reduce the number of falls and severe injuries in elderly populations. Among other balance training
methods, virtual gaming systems, specifically the Nintendo Wii, are highlighted as valid and reliable tools
for targeting all aspects of balance performance by inducing perturbations of sensory input mechanisms.
Overall, the implications and future possibilities for balance training using virtual interactive
technology systems are numerous and varied. More research and experimental studies must be done to
further explore the extent of the benefits of use of this tool in clinical populations. Statistics of the average
balance ability of healthy populations and the effect of aging on balance could also be studied to
determine the necessity of implementing balance training as a part of exercise, training, and rehabilitation.
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APPENDICES
APPENDIX A

Participant Demographics

Participant: __________________________

Age: _______________years

Leg Dominance: Right/Left

Height: _____________cm

__________m

Weight: _____________lb

__________kg

Body Mass Index: _____________________kg/m2

Right Leg Length: _______________cm

Left Leg Length: ________________cm
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Static Control Data Sheet

Participant ID:___________

Baseline

Date:___________
Dom, Eyes Open

Dom, Eyes Closed

Non-Dom, Eyes
Open

Non-Dom, Eyes
Closed

Path Length
Unit Path
Path/Area
Vx Max
Vx Min
Vy Max
Vy Min
V Average

Post Treatment

Date:__________

Dom, Eyes Open

Dom, Eyes Closed

Non-Dom, Eyes
Open

Non-Dom, Eyes
Closed

Path Length
Unit Path
Path/Area
Vx Max
Vx Min
Vy Max
Vy Min
V Average
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APPENDIX B

Date:

March 2, 2011

From:

Dolores W. Maney, Compliance Coordinator

To:

Sayers J. Miller, III

Subject:

Results of Review of Proposal - Expedited (IRB #35179)
Approval Expiration Date: October 11, 2011
“The Effects of Video Game-Based Balance Training on Postural Control in Healthy
Young Adults.”

The Institutional Review Board (IRB) has reviewed and approved your proposal for use of human
participants in your research. By accepting this decision, you agree to obtain prior approval from the IRB
for any changes to your study. Unanticipated participant events that are encountered during the conduct
of this research must be reported in a timely fashion.

Attached is/are the dated, IRB-approved informed consent(s) to be used when recruiting
participants for this research. Participants must receive a copy of the approved informed consent form
to keep for their records.

If signed consent is obtained, the principal investigator is expected to maintain the original signed
consent forms along with the IRB research records for this research at least three (3) years after
termination of IRB approval. For projects that involve protected health information (PHI) and are
regulated by HIPAA, records are to be maintained for six (6) years. The principal investigator
must determine and adhere to additional requirements established by the FDA and any outside
sponsors.
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If this study will extend beyond the above noted approval expiration date, the principal investigator
must submit a completed Continuing Progress Report to the Office for Research Protections (ORP)
to request renewed approval for this research.

On behalf of the IRB and the University, thank you for your efforts to conduct your research in
compliance with the federal regulations that have been established for the protection of human
participants.

Please Note: The ORP encourages you to subscribe to the ORP listserv for protocol and research-related
information. Send a blank email to: L-ORP-Research-L-subscribe-request@lists.psu.edu

DWM/dwm
Attachment
cc:

Renee M. Messina
Wayne J. Sebastianelli
Giampietro L. Vairo

63

APPENDIX C

Athletic Training Research Laboratory

Research Volunteers Needed
Are you interested in learning more about
video game-based balance training?

If so, you may be interested in participating in our research study at
Penn State.

Measurements: single-leg balance performances and self-motivation
questionnaires regarding video game-based training

Purpose: Study the effects of using video game-based balance training
on observed single-leg balance performances and self-reported
motivation

Two 45-minute sessions and 12 15-minute sessions at the Athletic
Training Research Laboratory in 21D Recreation Building

Requirements:
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Men and women ages 18 – 35 years old
Good general health
Non-smoker or consumer of nicotine products
Not overweight
Dr S. John Miller, John Vairo, Renee Messina and Dr Wayne
Sebastianelli

Departments of Kinesiology, Orthopaedics and Rehabilitation

For more information, contact John Vairo at
glv103@psu.edu or 814-865-2725
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APPENDIX D

Title of Project:

The Effects of Video Game-Based Balance Training on Postural Control
in Healthy Young Adults

Principal Investigator:

Sayers John Miller, PhD, PT, ATC

Co-Principal Investigator:

Giampietro L Vairo, MS, ATC

Other Investigator(s):

Renee M Messina, MS, ATC and Wayne J Sebastianelli, MD

Research Assistant(s):

Melissa K Zinn and Taylor M Stetson

Verbal Script:

Healthy Young Adults (18-35 years old)

Hello, my name is (Penn State Institutional Review Board-approved investigator) and I work with the
Athletic Training Research Laboratory at Penn State. I am currently looking for research volunteers and
was wondering if you would be interested in participating or at least hearing more about this study. I am
looking for a group of participants who are 18 to 35 years old, have no history of lower body or low-back
injury in the past six months and no related surgeries. Participants in this research study should be in
good general health, not overweight and non-smokers. If you are undergoing physical therapy or sports
rehabilitation under the supervision of a physical therapist or athletic trainer you will not be eligible to
participate. I will be examining how video game-based balance training using the Nintendo Wii and Wii
Balance Board may affect postural control in healthy young adults. If you are interested in participating,
you would be required to come to the Athletic Training Research Lab in 21D & E Recreation Building for
a total of two testing sessions lasting approximately 45 minutes each and 12 training sessions that last
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approximately 15 minutes each. During the testing sessions we will measure your postural control
abilities as you will be asked to perform two balancing exercises. During the training sessions you will be
asked to play the Nintendo Wii using either a Wii Balance Board or a traditional Wii hand-held controller.
As a participant we will be happy to provide you with your specific data results. If you have any
questions or need to get in touch with our research group for any reason, please call or e-mail John Vairo
at 814-865-2725 or glv103@psu.edu. Thank you.
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APPENDIX E

Title of Project:

The Effects of Video Game-Based Balance Training on Postural Control
in Healthy Young Adults

Principal Investigator:

Sayers John Miller, PhD, PT, ATC

Project Coordinator:

Giampietro L Vairo, MS, ATC

Other Investigator(s):

Renee M Messina, MS, ATC and Wayne J Sebastianelli, MD

Research Assistant(s):

Melissa K Zinn and Taylor M Stetson

Screening Checklist:

Healthy Young Adults (18-35 years old)

Participant Identification Number:

_________________________________________

As a general health screen, you must be able to answer „YES‟ to the following questions.

1. Are you between 18 to 35 years old?

Yes

2. Do you speak English?

No

Yes

No

3. Do you read at a minimum of an eighth-grade level?

Yes

No
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4. Are you generally healthy (not overweight and a non-smoker or non-consumer of nicotine
products)?
Yes
No

As a general health screen, you must be able to answer „NO‟ to the following questions.

1. Do you have a history of musculoskeletal or neurological injury to the low-back or lower body
within the last six months?
Yes
No
2. Do you have a history of low-back or lower body surgery?

Yes

3. Have you sustained a concussion within the past six months?

Yes

No
No

4. Have you followed a formal physical rehabilitation program in the last six months? Yes

No

5. Do you have any low-back or lower body pain described as above „1‟ on a 10-point pain scale?
Yes
No
6. Are you diabetic or suffer from peripheral neuropathy?
7. Have you ever been diagnosed with epilepsy?

Yes

8. Do you currently have any lower body joint swelling?
9. Are you in the third trimester of pregnancy?

Yes

Yes

No

No
Yes

No

No
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APPENDIX F

Informed Consent Form for Biomedical Research
The Pennsylvania State University
HEALTHY YOUNG ADULTS (18-35 years old)

ORP OFFICE USE ONLY:
DO NOT REMOVE OR MODIFY
IRB#35179 Doc. #1001
The Pennsylvania State University
Institutional Review Board

Title of Project:

The Effects of Video Game-Based Balance Training on
Postural Control in Healthy Young Adults.

Principal Investigator:

Office for Research Protections
Approval Date: 03/02/2011 DWM
Expiration Date: 10/11/2011 DWM

S John Miller, PhD, PT, ATC
Assistant Professor of Kinesiology
Department of Kinesiology
146 Recreation Building
University Park PA 16802
sjm221@psu.edu
814-865-6782

Project Coordinator:

Giampietro “John” L Vairo, MS, ATC
Instructor of Kinesiology
PhD Candidate (ABD) in Kinesiology
Department of Kinesiology
146 Recreation Building
University Park PA 16802
glv103@psu.edu
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814-865-2725

Other Investigator(s):

Renee M Messina, MS, ATC
Instructor of Kinesiology
Clinical Coordinator, Athletic Training Education Program
Department of Kinesiology
146 Recreation Building
University Park PA 16802
rmm17@psu.edu
814-865-8816

Wayne J Sebastianelli, MD
Professor of Orthopeadics and Rehabilitation
Department of Orthopaedics and Rehabilitation
Penn State | Hershey Orthopaedics – State College
1850 East Park Ave, Suite 112
State College PA 16803
wqs1@psu.edu
814-865-3566

Research Assistant(s):

Melissa K Zinn & Taylor M Stetson
Schreyer Honors College Undergraduate Students
Department of Kinesiology
21E Recreation Building
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University Park PA 16802
mkz5007@psu.edu&tms5065@psu.edu
814-865-4303
1. Purpose of the study: The purpose of this research is to study the effects of a video game-based
balance training regimen on single-leg balance in healthy young adults. A total of 26 people between
the ages of 18-35 years old will be taking part in this study. Thirteen people will be performing the
video game-based training using the Nintendo Wii and Wii Balance Board and 13 will be using the
Nintendo Wii while seated using a traditional Wii hand-held controller.
2. Criteria for inclusion of participants: You are being invited to participate in this research study
because you are healthy, physically active and between the ages of 18-35 years old. You have no
history of lower body or back injuries within the last six months and have never undergone surgeries
for injuries to these areas. You are also not diagnosed with diabetes, peripheral neuropathy or
epilepsy.
3. Procedures to be followed: If you chose to participate in this research study, you will be asked to
perform the following procedures:
Procedures

A. We will begin the study by measuring your height and weight. We will also ask you what leg you
like to kick a ball with. We will ask you to rate your physical activity level with a short survey.
We will then ask you to lie on your back on an exam table so we can measure your right and left
leg lengths. To calculate the length of your legs we will measure the distance between your hip
and ankle bones.
B. You will be asked to complete a short survey that asks you about your level of self-motivation.
C. After completing the self-motivation survey you‟ll be asked to warm-up by walking at a common
walking speed for five minutes on a flat electronic treadmill.
D. Following the warm-up, you will be asked to perform a single-leg balance stance task. You will
be standing barefoot on one leg with your arms crossed over your chest while bending your knee
on the opposite leg. You will be asked to keep balance for 10 seconds. We will ask that you
complete three trials with your eyes open and then three trials with your eyes closed. Your
balance performance will be measured by a force platform, which stays still on the floor and is
electronically hooked up to a computer. You will be asked to perform the single-leg balance
stance task for both of your legs.
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E. You will then be asked to perform a single-leg balance reach task. You start the single-leg
balance reach task by standing in place on one leg in the middle of an asterisk drawn on the floor.
You then reach as far as possible with your other leg in each of the following directions: front,
opposite-side diagonal back, same-side diagonal back. A picture of the single-leg balance reach
task is below.

You will be asked to complete three trials in each direction. You will be given practice trials and
rest between each trial. You will be asked to perform the single-leg balance reach task for both of
your legs.

F. After you are done with testing procedures A through E you have finished baseline testing. You
will then be randomly placed in a group using the Nintendo Wii and Wii Balance Board or a
group using the Nintendo Wii while seated with a traditional Wii hand-held controller. You will
then undergo a video game based-training session that lasts for 15-minutes. You will be asked to
return to the Athletic Training Research Laboratory another 11 times for video game basedtraining sessions, which last 15-minutes each. Your video game based-training sessions will take
place around the same time of day three times a week for four weeks. The three weekly video
game based-training sessions are separated by two days of rest. Three days after your last videogame based training session, you will be asked to return to the Athletic Training Research
Laboratory to repeat testing procedures A through E and complete another self-motivation
survey. After completing testing procedures A through Ea second time and completing the other
self-motivation survey, your participation in the research study is done.
4. Discomforts and risks: The discomforts and risks with participation in this type of research study are
minimal. The tests used are within expected ranges for physically active people. To lessen the
chance of injury, you will also be shown how to properly perform every task in the experiment.
Possible discomfort may consist of delayed onset muscle soreness 48 to 72 hours following testing.
As with any research study, it is possible that unknown harmful effects may happen. However, the
chance for injury in this type of research study is minimal and includes muscle strains, ligament
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sprains and bone fractures. We will take every possible effort to watch for and help prevent against
any discomforts and risks.
5. Benefits: There is no direct benefit to you from participating in this research study. The benefits to
society include recognizing potential advantages from using video game-based training on balance
performance in healthy college age people.
6. Duration/time of the procedures and study: The first session will last about one hour and will
include taking baseline data on your balance skill level as well as a training portion where you will
perform the video game. Each consecutive session will last approximately 20 minutes and will
include the video game-based training protocol only. You will perform video game-based training
twice a week for six weeks. The weekly training sessions will be separated by three days of rest. The
final session will last approximately a hour and will consist of testing your balance skills. All testing
takes place in the Athletic Training Research Laboratory in 21E Recreation Building on Penn State‟s
University Park Campus.
7. Alternative procedures that could be utilized: There are no known alternative procedures used to
answer the research questions of this study.
8. Statement of confidentiality: Your participation in this research study is strictly confidential. All
research records from your participation in this study will be kept confidential similar to medical
records at your doctor‟s office or hospital. All records will be secured in locked file cabinets at the
Athletic Training Research Laboratory. A unique case number will indicate your identity on research
records. In the event of any publication resulting from this research study, no personally identifiable
information will be disclosed. Penn State‟s Office for Research Protections, the Institutional Review
Board and the Office for Human Research Protections in the Department of Health and Human
Services may review records related to this research study. Penn State policy requires that research
records be kept for a minimum period of three years at the end of the study. Three years following
the end of this research study all records will be appropriately destroyed.
9. Right to ask questions: Please contact S John Miller at (814) 865-6782or John Vairo (814) 865-2725
with questions, complaints or concerns about this research. You can also call this number if you feel
this study has harmed you. If you have any questions, concerns, problems about your rights as a
research participant or would like to offer input, please contact Penn State University‟s Office for
Research Protections at (814) 865-1775. The Office for Research Protections cannot answer
questions about research procedures. Questions about research procedures can be answered by the
research team. Referral information for those who wish to seek additional assistance includes the
following:
Penn State University Health Services
Student Health Center
University Park PA 16802
814-863-0774
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10. Voluntary participation: Your decision to be in this research study is voluntary. You can stop at
any time. You do not have to answer any questions you do not want to answer. Refusal to take part
in or withdrawing from this research study will not involve penalty or loss of benefits you would
receive otherwise. You may be removed from this research study by investigators in the event you
cannot complete the testing procedures.
11. Injury Clause: In the unlikely event you become injured as a result of your participation in this
research study, medical care is available. If you become injured during testing procedures the
investigators listed on this informed consent form will provide you with appropriate first aid care and
instruct you on proper steps for follow-up care. If you were to experience any unexpected pain or
discomfort from participating in this research study after leaving the Athletic Training Research
Laboratory please contact S John Miller immediately at (814) 865-6782 or John Vairo at (814) 8652725. If you cannot reach S John Miller or John Vairo please leave them a voicemail and contact
your doctor.
If you are a Penn State student and cannot reach S John Miller, John Vairo or your doctor, please
leave them voicemails and contact Penn State University Health Services at:

Student Health Center
University Park PA 16802
814-863-0774

It is the policy of this institution to provide neither financial compensation nor free medical treatment
for research-related injury. By signing this document, you are not waiving any rights that you have
against The Pennsylvania State University for injury resulting from negligence of the University or its
investigators.

12. Abnormal Test Results: In the event that abnormal test results are obtained, you will be made aware
of the results in three days and recommended to contact your private medical provider for follow-up
consultation.

You must be 18 years of age or older to take part in this research study. If you agree to take part in this
research study and the information outlined above, please sign your name and indicate the date below.

You will be given a copy of this signed and dated consent form for your records.
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______________________________________________

_____________________

Participant Signature

Date

______________________________________________

_____________________

Person Obtaining Consent

Date
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APPENDIX G
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ACADEMIC VITA of Melissa K Zinn

Melissa K Zinn
520 East Calder Way Apt. 509
State College, PA 16801
Mkz5007@psu.edu
Education:

Bachelor of Science Degree in Kinesiology- Movement Science Option,
Minor in Spanish
Penn State University, Spring 2011
Honors in Kinesiology
Thesis Title: The Effect of a Video Game-Based Balance Training Regimen
on Static Postural Control in Healthy College-age Participants
Thesis Supervisor: Dr. Sayers John Miller
Related Experience:
Undergraduate Teaching Assistant for Ethics of Movement Class
Supervisor: Dr. Scott Kretchmar
Spring 2010
Awards:
Dean's List (Fall 2007 through Spring 2011)
Health and Human Development Honors Society
Member of the National Association of Collegiate Scholars
Presentations/Activities:
Volunteer Finance Committee member for Penn State Dance Marathon
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Fundraising Chair for Penn State Club Cheerleading
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