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Objective: To defermine whether there is any difference between virtual reality game—based balance training and real-
world task-specific balance training in improving sitting balance and functional performance in individuals with paraplegia.
Methods: The study was a pre test-post test experimental design. There were 30 participants (28 males, 2 females) with
traumatic spinal cord injury randomly assigned to 2 groups (group A and B). The levels of spinal injury of the participants were
between T6 and T12. The virtual reality game—based balance training and real-world task-specific balance training were used
as interventions in groups A and B, respectively. The total duration of the intervention was 4 weeks, with a frequency of 5 times
a week; each training session lasted 45 minutes. The outcome measures were modified Functional Reach Test (mFRT), t-shirt
test, and the self-care component of the Spinal Cord Independence MeasurelIl (SCIM-IIl). Results: There was a significant
difference for time (p = .001) and Time x Group effect (p = .001) in mFRT scores, group effect (p = .05) in t-shirt test scores,
and time effect (p = .001) in the self-care component of SCIM-IIl. Conclusions: Virtual reality game-based training is better
in improving balance and functional performance in individuals with paraplegia than real-world task-specific balance training.
Key words: balance, paraplegia, rehabilitation, self-care, virtual reality

Introduction

Spinal cord injury (SCI) can cause temporary
or permanent changes in the spinal cord’s normal
sensory-motor or autonomic functions. These
changes may adversely affect an individual’s
functional status and quality of life."? Most of the
functional activities, such as eating, dressing, and
transfers, are performed in a sitting position by
people who have paraplegia.’ Any limitation in the
ability to safely shift the body’s center of gravity
toward stability may restrict wheelchair mobility
and activities of daily living (ADLs). Hence,
sitting balance is very important for functional
independence for people who cannot stand.*

The coordinated action of trunk, upper limbs,
and lower limbs plays a critical role in seated
reaching tasks.”® Individuals with complete
paraplegia adopt different postural adjustments to
face balance challenges because their lower limbs
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are not active. They compensate for postural
muscle function loss by using parts of the sensory-
motor system that are still intact, such as the
latissimus dorsi and trapezius muscles, to maintain
sitting balance.”®

Virtual reality (VR) is an advanced form of
human-computer interface that allows users to
interact in a computer-generated environment.’
Users perform actions in a simulated environment.
They interact with displayed images and move and
manipulate virtual objects.”® VR programs attempt
to stimulate real-world activities, which may provide
enhanced ecological validity.!"" Tasks that are unsafe
to practice in the real world can be practiced in
a safe and controlled environment through VR.
Game-based exercises have been shown to improve
balance control in people with SCIL.'»*?

Effective and early functional rehabilitation of
balance problems promotes independent living in
the community." Task-related motor training has
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been shown to improve balance performance.'
Kizony et al studied the feasibility of the GX-VR
system in rehabilitation of people after SCI. The
results of the study showed correlations between
static balance ability and performance within VR."?
Investigations on the application of VR game-
based balance training in the rehabilitation of
SCI is limited. This study was designed to identify
whether there is any difference between VR game—
based balance training and real-world task-specific
balance training in improving sitting balance
and functional performance in individuals with
paraplegia.

Materials and Methods
Participants

A sample of 30 individuals with traumatic SCI
took part in the study. Thirty-six individuals were
found eligible for the study during screening; 6
of them declined to participate in the study. The
participants were recruited using convenience
sampling techniques from the rehabilitation
department of a tertiary spinal injury care center
located in New Delhi. The eligibility for study
participation was determined through physical
examination screening and from medical records.
Participants had neurological levels of injury
between T6 and T12, A or B in American Spinal
Injury Association Impairment Scale (ASIA),'
and a duration of injury less than 6 months. All
the participants had the ability to sit unsupported
for at least 10 seconds and had a minimum of
active 90° of shoulder flexion. They were included
in the study after they signed a written informed
consent. The exclusion criteria were any deformity
of the upper extremity; any other neurological,
musculoskeletal, or psychiatric impairment;
severe deficits of comprehension; pressure
sores; severe spasticity; uncorrected hearing or
visual impairment; and any recent history of severe
urinary tract infection or autonomic dysreflexia.

Procedure

The demographic data and neurological details
of the participants were collected first. These
included the age (years), ASIA grade, neurological

level, weight (kg), gender, trunk length (cm), and
arm length (cm). Participants were randomly
allocated to either of 2 groups, by computer-
generated random numbers, with 15 individuals
in each group. Participants in group A underwent
VR game-based training and participants in group
B underwent real-world task-specific balance
training. All the participants in both the groups
received training for 45 minutes a day, 5 times
a week for 4 weeks along with conventional
physical therapy. The exercises included in the
conventional physiotherapy were stretching of
lower limb muscles, range of motion exercises,
and mat exercises. The duration of each session
was 20 minutes. The VR game-based training,
real-world task-specific balance training, and
conventional exercises were done by different
therapists who were blinded to the study. The study
was a pre test—post test experimental design. It was
approved by the research and ethical committee
of the center in which the study was undertaken.
Protocol of the study is given in Figure 1.

Instrumentation

Sony PlayStation 2 and EyeToy (Sony Computer
Entertainment Inc., Beijing, China) were used with
3 virtual environments (birds and balls, soccer,
and snowboard games).”»” These environments
had been adapted for rehabilitation purposes. All
the virtual environments were used to challenge
movements and positions of various body
segments to train the sitting balance. Performance
in all environments was measured in terms of rate
of success.

Interventions
Training of group A

During the birds and balls game, balls of
different colors emerged from the 4 edges of the
screen in a single plane of action and flew toward
the participant. Touching these balls with any part
of the body turns them into birds or causes them
to burst. In the soccer game, the participant acted
as a goalkeeper. Balls flew from different locations
and the participant had to stop the ball from
crossing the goal line. Successfully repelled balls
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Screening of subjects for eligibility for

participation in the study

A

A 4

Subjects declined to |
participate (n=6)
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inclusion criteria (n=36)

Subjects who didn’t satisfy
inclusion criteria

A

A

Assessed for baseline characteristics
of outcome measures and
demographic details (n=30)

Excluded from the study

v

A 4
Group A (n=15)
Virtual reality game based
balance training

A4

Group B (n=15)
Real-world task-specific
balance training

)

Assessed for changes in outcome measures after
4 weeks of training

Figure 1. Protocol of the study design.

remained white while balls entering the goal area
changed color. In the snowboard simulation, the
participant saw a back view of themselves as on
a snowboard. As the participant skied downhill,
he or she had to avoid rocks and trees by leaning
from side to side. In first 2 environments, 3 levels
of difficulty were used; in the third situation, only
one level was used. When a participant achieved
an 80% success rate in a particular program, the
difficulty level was raised.

Training of group B

The participants in group B repeatedly practiced
a few specifically designed exercises, which
involved moving the upper body over and outside
the base of support. The activities were typing on
a keyboard, tying and untying knots, picking up
sticks, pegs on a line, catching and throwing balls
and mini frisbee, picking objects up off the floor,
passing objectsaround thebody/carrying overhead,

clapping games with a partner, taking clothing on/
off, buttoning up the shirt, and mimicking the
actions of swimming/fly fishing. The participants
were instructed to move while doing the particular
activity to increase the difficulty level. The exercises
were done in an unsupported sitting position on a
low-rise bed with hips and knees flexed to 90° and
feet resting on the floor.

Outcome measures

Modified Functional Reach Test (mFRT), t-shirt
test, and self-care components of the Spinal Cord
Independence Measure—III (SCIM-III) were used
as the outcome measures to assess and compare
the effectiveness of the 2 training protocols.
The participants were assessed on the outcome
measures 1 day prior to the start of training. The
posttraining assessment was done on the day
following the last day of training. The assessment
session lasted for around 45 minutes, and the
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assessment was performed by a therapist who was
blinded to the participant’s training protocol.

Developed by Lynch et al, mFRT is a highly
useful test to assess sitting balance in non-standing
persons with SCIL.** The intraclass correlation
coefficient (ICC) value of mFRT was reported to
be 0.85 to 0.94. For measuring the mFRT value, the
participant sat in a standard wheelchair with his
or her feet supported. Initial reach was measured
against a yardstick mounted on the wall along the
shoulder at the level of tip of acromion process as
each participant rested against the back support
of the wheelchair with the upper extremity flexed
to 90°. The participant was then asked to reach
forward as far as possible and come back without
any support. The maximum forward reach was
measured. The difference between the initial reach
and maximum reach was the measure of functional
reach in sitting. Each participant performed 3
trials. The mean of these 3 trials was used for
further analysis.'”® The anatomical landmark used
for measuring reach was the ulnar styloid process.

The t-shirt test is a reliable and valid tool for
assessing sitting balance in spinal cord-injured
persons. The t-shirt test has a good ICC value
(0.79-0.91). It measures the time taken by
participants to put on and take off a t-shirt."” For
the test, one standard size pullover type t-shirt
and one t-shirt that was one size larger than what
the participant would normally wear were used.
The t-shirts were placed on a table of standard
height in front of the participant. No harness was
worn during this test, but a research assistant was
ready to support the participant if needed. The
participant was required to put on and take off
the t-shirt, resting between each maneuver. The
time taken for the whole activity was recorded."
The test was repeated twice for each size of the
t-shirt provided, and the average was taken for final
analysis.

The SCIM-III is a disability scale developed
specifically for functional assessment in various
areas such as self-care, respiration, sphincter
management, and mobility in people with SCI.
SCIM-III is sensitive to changes to function and is
a reliable tool. Reliability studies of the scale have
reported the ICC value above 0.94, Cronbach’s
alpha above 0.7, and the coefficient of Pearson
correlation between FIM and SCIM-III as 0.79.2*!

Scores for components of self-care (bathing,
feeding, dressing, and grooming; score range, 0-20)
of SCIM-III were obtained by patient interview.?

Data analysis

Data analysis was done using IBM SPSS software
version 17 (IBM, Armonk, NY). Independent ¢
test was used to analyze the differences between
group A and B on age, weight, arm length, trunk
length, and preintervention scores of the outcome
measures. Repeated measures analysis of variance
(ANOVA) were used to analyze the changes in
outcome measures in the 2 groups.The effect size
(partial eta squared [1?]) was also calculated. The
1?in SPSS is calculated on the basis of the sum of
the squared difference and the sum of the
squared error for time, group, and Time x Group
interaction effects. Pearson chi-square test
was used to analyze the difference in neurological
level between the groups. A significance level of
p < .05 was fixed.

Results

The mean £ SD of age, weight, arm length,
trunk length, gender, and duration after injury for
both groups is shown in Table 1. The neurological
level frequency distribution is shown in Table 2.
The mean + SD of pre- and posttraining scores of
mFRT, t-shirt test, and self-care components of the
SCIM-III are given in Table 3. The findings showed

Table 1. Comparison of demographic characteristics
between the group of participants who received virtual
reality—based balance training (group 1) and the group
of participants who received real-world task-specific
balance training

Demographic characteristics Group A Group B

(n=15) (n=15) P
Gender 14M,1F 14M,1F
Age, years 29.47+7.48 29.80+7.32 .90
Weight, kg 60.08 £1.05 60.93+1.45 .07

Arm length, cm 29.06 +1.41 29.56+1.23 .31

Trunk length, cm 61.40£2.02 60.87+1.30 .40

Duration, months 3.00 = 0.66 2.67+0.72 .19

Note: Values shown are mean + SD.
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Table2. Comparison of neurological level of injury between the groups

Group Level of injury Frequency distribution (n)  Pearson chi square P
T6 2
T7 2
Group A T8 4
T9 2
10 2 9.4 0.49
T11 1
T12 2
T6 2
Group B 7 >
T8 5
T9 2
T10 1
T11 1
T12 1

Table 3. Pre-and posttraining measures of modified Functional Reach Test, t-shirt test, and self-care components
of SCIM-III

Time of assessment Outcome measure Group A Group B P
mFRT, cm 16.85 + 5.06 16.23 + 3.68 .70

Pre training t-shirt test 23.93 +10.96 22.88 +9.02 77
SCIM: self-care 6.00 = 1.60 533+ 1.44 24
mFRT, cm 23.46 +5.44 17.45 +3.85

Post training t-shirt test 13.91 +8.05 20.50 + 8.9
SCIM: self-care 13.00 + 1.51 11.33 +£2.32

Note: Values shown are mean + SD. mFRT = modified Functional Reach Test; SCIM-III = Spinal Cord Independence Measure-III.

no significant difference between the groups for Table 4. Comparison outcome measures scores
the age, duration since injury, weight, arm length, between groups with effect size using repeated
trunk length (Table 1), neurological level of injury measures analysis of variance

(p = .49) (Table 2), and pretraining scores of

Effect size

outcome measures (Table 3). Outcome measure  Type of assessment  p partial n?
The mFRT scores showed a significant change Modified Functional = Time 001 0.95
for time (p = .001) and Time x Group (p = .001) Reach Test score, em 5, 057 0.12
but no significant change for group effect Time x Group 001 0.90
(p = .057). The t-shirt test scores showed a t-shirt test score Time 14 0.07
significant change for group effect (p = .05), but Group 05 0.21
no significant change for time (p =.14) and Time Time x Group 99 0.09
x Group (p =.99). For the self-care components of SCIM: self-care Time 001 0.66
SCIM-III, there was a significant change for time Group o7 0.10
(p = .001), but no significant change for group Time x Group 16 024

(p = .07) and Time x Group (p = .16) (Table 4).
Three participants in the group A missed 3 Note: SCIM-III = Spinal Cord Independence Measure-111.
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treatment sessions each, and 2 participants in
group B missed 2 sessions each and 1 participant
missed 1 treatment session. The intention-
to-treat analysis was used where there was
noncompliance. All the participants completed
the study protocol in both groups.

Discussion

This study was designed to compare the
effectiveness of VR game-based training on
balance and functional performance in people with
paraplegia. The results revealed changes in outcome
measures. In the mFRT, there were significant
differences for time and Time x Group effect. In
the t-shirt test, there was a significant difference for
group; in the self-care components of SCIM-III,
there was significant differences for time. The results
suggests that mFRT scores were changing with time,
and the changes were different for both groups.
The t-shirt test scores were primarily affected by
type of training. The self-care component scores
of the SCIM-III changed with time. With respect
to effect size, the largest change was observed in
mFRT scores for time and then for Time x Group.
When the effect size is more then 0.7, the change in
the measured value is considered to be large.” Wall
et al have shown that the use of Nintendo Wii Fit
produced greater improvements in gait speed and
functional reach,* whereas Harvey et al reported
no improvement of balance in the early phase of
rehabilitation using unsupported sitting.

The differences observed imply that mFRT,
which is used as a criterion measure for assessing
balance, was affected by duration of training (time
effect) and the type of training was influenced
by duration of training (Time x Group). The
t-shirt test scores were primarily affected by
type of training (group effect) and the self-care
component scores of the SCIM-III were changing
with time (time effect). The changes noticed in
group A participants in outcome measures may be
due to the direct result of the games played using
VR training, which required the participants
to self-perturb themselves to a greater extent
than participants of group B. The extent of the
challenge that the participants experienced in
controlling their center of gravity during dynamic
activities might have lead to noticeable changes in

balance measures. The self-care components were
not affected much by type of training; this may
be due to the fact that improvement in balance
performance alone may not improve self-care.

The dynamic nature of the moving virtual
stimuli in contrast to the relatively static nature
of the stimuli presented during real-world task-
specific training might also have contributed to a
better outcome in group A. Presentation of virtual
stimuli, especially at the higher levels of difficulty,
facilitated therapy for diverse equilibrium reactions
rather than being limited to the simple transfer of
weight, which is usually the focus of conventional
treatment. The ability to deliver several stimuli
simultaneously from different directions and at
different velocities with the EyeToy might have
facilitated task manipulation to a larger extent."

The most effective means for improving
neuroplasticity and subsequent recovery of motor
function following injury or disease to the nervous
system is through intense skillful practice.® In VR
games, training can be progressed by gradually
increasing the complexity of the tasks.’ Users
who reach for objects within the VR environment
become absorbed in the task and are less fearful
of destabilizing and falling.””?® In our study,
participants showed great interest during VR
training sessions, but we did not objectively measure
the motivational level of the participants. In VR
environment training, participants used to respond
with enthusiasm to goal-directed movements.”
Chen et al showed significant correlation between
dressing upper body and dressing lower body with
sitting balance.’ The improved balance control
mechanism might have resulted in improvement in
self-care components of SCIM-III.

The participants in both training groups had low
level of injury (T6 to T12). Individuals with high
thoracic SCI use a more passive and simpler strategy
to compensate for the lost sensorimotor functions,
whereas individuals with low thoracic SCI use
more active and complex strategy for maintaining
sitting balance.®***! There is also a significantly
greater composite maximal weight shift during
reaching activities in persons with low SCI.> Thus
it was thought that persons with low SCI would
be better able to do the training programs used
in the study. Although we included individuals
with both ASIA A and B grades, none of them had
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muscle power greater than 1, according to Medical
Research Council grading systems, in the muscles
below the neurological level. Outcome measures
for assessment of the functional performance were
chosen, because these are the most essential tasks
for self-care that require skill and balance.

In the present study, individuals with low
paraplegia were recruited. Future studies
can be performed with people with high
paraplegia and incomplete SCI (ASIA C and D)
to see how the training protocols affects their
performance. Effects of VR-training regimens
on electromyographic activity, biomechanical
aspects, and ADLs may also be explored. Studies
should include a larger sample size in order for
their findings to be generalized. One limitation of

our study was that PlayStation 2 and EyeToy were
used for VR training instead of more sophisticated
instruments. The participants included in the
study were from a single source.

Conclusion

Participants who received VR game-based
balance training showed better improvement on
outcome measures as compared to participants
who received real-world task-specific balance
training. Hence it can be concluded that VR game-—
based training over a short duration can improve
balance and functional performance in individuals
with paraplegia better than real-world task-specific
balance training.
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