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Abstract

Background: Acquired brain injury (ABI) is the main cause of death and disability among young adults. In most cases,

survivors can experience balance instability, resulting in functional impairments that are associated with diminished

health-related quality of life. Traditional rehabilitation therapy may be tedious. This can reduce motivation and

adherence to the treatment and thus provide a limited benefit to patients with balance disorders. We present eBaViR

(easy Balance Virtual Rehabilitation), a system based on the Nintendo® Wii Balance Board® (WBB), which has been

designed by clinical therapists to improve standing balance in patients with ABI through motivational and adaptative

exercises. We hypothesize that eBaViR, is feasible, safe and potentially effective in enhancing standing balance.

Methods: In this contribution, we present a randomized and controlled single blinded study to assess the

influence of a WBB-based virtual rehabilitation system on balance rehabilitation with ABI hemiparetic patients. This

study describes the eBaViR system and evaluates its effectiveness considering 20 one-hour-sessions of virtual reality

rehabilitation (n = 9) versus standard rehabilitation (n = 8). Effectiveness was evaluated by means of traditional

static and dynamic balance scales.

Results: The final sample consisted of 11 men and 6 women. Mean ± SD age was 47.3 ± 17.8 and mean ± SD

chronicity was 570.9 ± 313.2 days. Patients using eBaViR had a significant improvement in static balance (p = 0.011

in Berg Balance Scale and p = 0.011 in Anterior Reaches Test) compared to patients who underwent traditional

therapy. Regarding dynamic balance, the results showed significant improvement over time in all these measures,

but no significant group effect or group-by-time interaction was detected for any of them, which suggests that both

groups improved in the same way. There were no serious adverse events during treatment in either group.

Conclusions: The results suggest that eBaViR represents a safe and effective alternative to traditional treatment to

improve static balance in the ABI population. These results have encouraged us to reinforce the virtual treatment

with new exercises, so an evolution of the system is currently being developed.

Background

Acquired Brain injury (ABI) is the main cause of death

and disability among young adults [1]. ABI can cause

from mild to severe impairments in cognitive, motor or

psychological functions leading to difficulties in familiar,

vocational and social reintegration which diminishes

health-related quality of life [2]. Among them, ABI can

cause different levels of paralysis, such as hemiplegia or

hemiparesis, which dramatically affect the balance con-

trol and, consequently, the performance of activities of

daily living (ADL). Traditional balance training is based

on the automatic repetition of specific movements.

These methods can become repetitive and aimless, and

thus reduce the motivation and adherence to treatment.

Balance control, as the complex constellation of impair-

ments following ABI, demands a multidisciplinary
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rehabilitation approach that, with the aid of new tech-

nologies, could maximize functional recovery.

In the last few years, there has been increasing

research interest in the application of virtual reality (VR)

technology to rehabilitation [3]. In contrast with tradi-

tional rehabilitation procedures, which may be tedious,

resource-intensive and costly, VR provides patients with

ABI opportunities to engage in meaningful, intensive,

enjoyable and purposeful tasks related to real-life inter-

ests and ADL [4]. The published clinical results indicate

that the recovery of motor function in ABI patients with

motor difficulties appears to be enhanced by using VR

technology [5-7]. Although most of these studies still

consist of small experiments without randomized con-

trol trials [8], they demonstrate the feasibility of the

application of VR technology in this clinical field.

In regard to standing balance, systems based on force

platforms are particularly interesting, since they enable

to estimate the weight distribution of the patients by

means of pressure sensors [9,10]. These devices are

expensive and require a dedicated area in the clinical

facilities due to their size, weight and set-up. In this

respect, computerized dynamic posturography can assess

the ability of the automatic motor system to quickly

recover from an unexpected external disturbance. Some

of these systems even offer interactive and functional

training exercises that fit the patients’ conditions. In

comparison with these platforms, the Nintendo® WBB

(a peripheral of the Nintendo® Wii gaming system) is

an inexpensive interface (less than $100USD) that has

widespread availability. The WBB also has the advantage

of being portable, easy and comfortable to handle thanks

to its small size (0.511 m. wide by 0.316 m. long by

0.053 m. thick) and weight (3.5 kg. without batteries).

Furthermore, it is a device with Bluetooth wireless con-

nectivity that is battery operated. The WBB contains

four force sensors (located in each corner) that are used

to measure the user’s center of balance and weight. Fol-

lowing the Nintendo® gaming philosophy, users can

interact naturally with the game (by means of weight

transferences).

The number of studies that include Nintendo® Wii or

WBB in the rehabilitation process is increasing but still

limited. Saposnik et al. evaluated the feasibility, safety

and efficacy of VR rehabilitation using the Nintendo®

Wii gaming system with entertainment software to

improve arm motor recovery in stroke patients [11].

Since the study is focused on improving arm recovery,

the WBB was not used. Deutch et al. also use commer-

cial software (Wii sports) to describe the feasibility and

clinical efficacy of Nintendo® Wii to augment the reha-

bilitation of an adolescent with cerebral palsy [12]. Loh

et al. use this system as well and reported improvement

in a group of patients with stroke in a non-controlled

study [13]. Sugarman et al. report the feasibility and

outcome of the WBB with a commercial program for

balance training after stroke [14]. Although this software

is not designed for balance recovery after stroke, they

highlight its potential to be used in clinical settings in

order to improve balance. In this sense, Clark et al. [15]

demonstrated the convergent validity and the clinical

utility of the WBB compared to a laboratory-grade force

platform, which is considered the gold standard measure

of balance. The results suggest that the WBB could be

considered as a valid portable low-cost tool for assessing

standing balance. However, the Nintendo® Wii and

WBB are entertainment systems oriented to healthy

people that offer a gaming experience that differs from

the therapy required by patients with ABI [16,17]. This

fact has encouraged different authors to develop custom

made applications oriented to diminished people using

the WBB [18-22]. However, they are still very concep-

tual designs or lack more powerful studies to evaluate

their efficacy.

Therefore, we designed eBaViR, a virtual rehabilitation

system for balance recovery that provides motivational

task oriented exercises specifically designed for ABI peo-

ple by clinical therapists. The system can fit the patients’

impairment to provide a particular training session,

allowing the therapists to customize the duration and

difficulty of exercises to the needs of the patients in

each session.

The aim of this study is to evaluate the efficacy of the

eBaViR system as a rehabilitation tool for balance recov-

ery. In this contribution, we present a randomized and

controlled single blinded trial to evaluate the influence

of eBaViR on balance rehabilitation of ABI patients. We

hypothesize that eBaViR is feasible, safe and potentially

efficacious in enhancing standing balance.

Methods

Participants

Seventy-nine hemiparetic patients who had sustained an

ABI and were attending a rehabilitation program were

potential candidates for participation in this study. The

inclusion criteria were: 1) age ≥16 years and <80 years;

2) chronicity > 6 months; 3) absence of cognitive

impairment (Mini-Mental State Examination [23] cut-off

>23); 4) able to follow instructions; 5) ability to walk 10

meters indoors with or without technical orthopaedic

aids. The exclusion criteria were: 1) patients with severe

dementia or aphasia; 2) patients whose visual or hearing

impairment does not allow possibility of interaction

with the system; 3) patients with hemispatial neglect; 4)

patients with ataxia or any other cerebellar symptom.

After inclusion-exclusion criteria, a final consecutive

sample of twenty patients remained from the total pool.

This sample was divided into two groups according to
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the Berg Balance Scale score. Group A was made up of

subjects with a high risk of falling, with Berg scores ran-

ging from 30 to 45. Group B was made up of subjects

with a low risk of falling, with a Berg score ≥46. All the

subjects from both groups were randomly assigned to

either a control group (traditional physiotherapy) or a

trial group (eBaViR therapy). The randomization sche-

dule was computer-generated using a basic random

number generator. Two patients of the control group

and one patient of the trial dropped out of the treat-

ment due to causes unrelated to the study and system,

and, consequently, their data are not included in the

present contribution. The final sample consisted of 11

men and 6 women ranging from 16 to 76 years old

(47.3 ± 17.8) and a mean chronicity of 570.9 ± 313.2

days. Etiology of acquired brain injury in this group of

patients included severe traumatic brain injury (TBI) (n

= 3), ischemic or hemorrhagic stroke (n = 11), and

benign cerebral neoplasm (BCN) (n = 3). Table 1 shows

a summary of the characteristics of the subjects.

None of the participants had previous experience with

virtual rehabilitation therapies. Written informed con-

sent was obtained from patients for publication of this

case report and accompanying images. A copy of the

written consent is available for review by the Editor-in-

Chief of this journal.

Instrumentation

Hardware

The hardware components of the eBaViR system consist

of a conventional PC, a 42” LCD screen and a WBB.

The communication between this device and the com-

puter is established via Bluetooth protocol. This way,

the exercises run on a PC and the system uses the WBB

as interface.

Software

As mentioned above, the eBaViR system does not use

any commercial software. The exercises have been pro-

grammed using an authoring system for interactive 2D

and 3D applications and designed with the help of clini-

cal specialists in balance rehabilitation. The system has

been developed with three main goals in mind: obtain-

ing a valid and adaptive system for the balance rehabili-

tation of the patients, achieving a system that reinforces

the motivation of the patients during the rehabilitative

process and providing the therapists with objective data

of the evolution of the patients.

The first goal is achieved thanks to the interface used

in the system: the patient interacts with the games, spe-

cifically designed by specialists, through weight transfer-

ences in sitting and standing position, which is an

essential process in standing balance rehabilitation

[24,25]. The system calibrates the maximum excursion

of the patients and adapts the range of motion of the

exercises to fit their impairment. In addition, the thera-

pist can configure the difficulty of the session with other

parameters (number of items, speed, etc.). This way, the

therapist can easily customize the training of each

patient.

The second goal is achieved by designing the system

with a playful scheme. For the patient, the system is

basically a set of three games, which make the rehabili-

tative sessions more amenable. By means of its config-

uration, the system also tries to avoid frustrating gaming

experiences in which the patients are not able to fulfill

some tasks due to their motor or cognitive impairments.

The last goal is achieved registering the relevant out-

comes of each exercise (scores, time, etc.) and the maxi-

mum excursion of the patients.

Use

In each session, the patient plays the three games of the

system (Simon, Balloon Breaker and Air Hockey). A brief

explanation of the purpose of each one of these games

can be found in Table S1, Additional file 1. Although

their visual aspect can be similar to commercial games,

the games have been designed to optimize the visual

and audio feedback and to simplify other stimuli to

allow patients with cognitive impairments to follow the

exercises and to focus on the motor task.

The workflow is the same for the three games (see

Figure 1).

First, each game begins with an initial setup screen

(Figure 1, screen 1). This initial screen allows the thera-

pist to parameterize the game to suit the needs of each

patient. There are two sets of parameters: a set that con-

figures the rehabilitation session (such as the duration of

the session and the number of breaks per session), and a

set that configures the game level (such as the size or

the speed of the game elements).

Table 1 Characteristics of the participants

Issue Control group Trial Group Significance

Gender (n) NS (p =
0.858)

Male 5 (29.4%) 6(35.3%)

Female 3(17.7%) 3(17.7%)

Age (years) 49.13 ± 21.18 45.78 ± 15.38 NS (p =
0.704)

Etiology (n) NS (p =
0.657)

Stroke 5 (29.4%) 6 (35.3%)

TBI 1 (5.9%) 2 (11.8%)

BCN 2 (11.8%) 1 (5.9%)

Time since injury
(days)

675.50 ±
283.11

478.00 ±
324.77

NS (p =
0.204)

The table shows the information of the patients. Age and time since injury are

defined in terms of mean and standard deviation. Etiology is also expressed

as a percentage of the total number of patients. NS: non-significant.
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ABI patients frequently have hemiparesis. One of the

most characteristic consequences of incomplete recovery

from hemiparesis is that there is a weight-bearing asym-

metry in favour of the non paretic leg as well as

increased spontaneous postural sway [26,27]. Because of

this, the next step after configuration is to automatically

adjust the sensitivity of the WBB to each patient’s lim-

itations (Figure 1, screen 2). The system is designed to

record the centre of balance in the resting position of

the patient and his/her range of motion in both the

antero-posterior and medial-lateral planes. This provides

the system with a very important advantage: it can

adapt the games to the possibilities of each patient in

each session.

Once the rehabilitation session and the game have

been configured and the virtual movements have been

adjusted to the patient’s excursion, the rehabilitation

session can start. The eBaViR system allows the patient

to play in standing or in sitting position to improve bal-

ance control in both conditions. In standing position the

patients are required to maintain their soles on the

WBB. In sitting position, the patients sit directly on the

WBB. In the study presented in this paper, the patients

play with the system in standing position (Figure 1,

screen 3), with programmed pauses that are configured

by the specialist in the setup screen (Figure 1, screen 4).

During this session, the system gives the patient audi-

tory feedback with a positive reinforcement when the

patient accomplishes his/her goal throughout the ses-

sions and a different reinforcement when the patient

performs an incorrect action. The patient’s score is con-

tinuously displayed and points are accumulated to calcu-

late the final score. At the end of the rehabilitation

session, the system shows the patient’s percentage of

hits and errors made during the game (Figure 1, screen

5). Game results and sounds serve as motivational

elements. Figure 2 shows patients of the trial group in

the course of a virtual rehabilitation session.

Intervention

This clinical trial was carried out in a specialized neu-

rorrehabilitation service of a large metropolitan hospital.

Each patient participated in a total of 20 one-hour-ses-

sions of rehabilitation and accomplished a minimum of

3 sessions and a maximum of 5 sessions per week. Dur-

ing control sessions, traditional rehabilitation exercises

that focused on balance training were practiced either

individually or in a group. The sessions of the trial

group were programmed according to the protocol

explained above.

All the patients were assessed before and after the

rehabilitation program by a specialist who was blind to

the patients’ assignation. The clinical assessment con-

sidered clinical balance scales not only during static

condition but also during dynamic tasks. On one hand,

balance in static condition was assessed by the Berg

Balance Scale (BBS) [28], the Brunel Balance Assess-

ment (BBA) [29] and the Anterior Reach Test (ART)

[30]. The ART measures the furthest distance that a

person can reach forward while standing or sitting

(without taking a step). On the other hand, balance in

dynamic conditions was assessed by the Timed Stair

Test (TST) [31], the Stepping Test (ST) [32], the 1-

minute Walking Test (1MWT) [33], the 10-meter

Walking Test (10MT) [34], the Time “Up and Go”

Test (TUG) [35,36] and the 30-second Sit-to Stand

Test (30SST) [37]. Table 2 describes these tests in

more detail.

In addition, a feedback questionnaire (SFQ) [38] was

handed out to patients in order to obtain subjective

information about the treatment. Therapists were also

informally asked about the system.

Figure 1 Flow of the game. The flow of the game can be divided into: 1) Setup; 2) Calibration; 3) Gameplay; 4) Break; 5) Scores.
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Data analysis

Demographical and clinical comparisons between groups

were performed with independent sample t-tests and

Chi-squared or Fisher exact tests, as appropriate.

Repeated measures analyses of variance (ANOVAs) with

time (before and after rehabilitation) as the within-sub-

jects factor and treatment option (control versus trial)

as the between-subjects factor were performed for each

of the balance measures. The main effects of time, treat-

ment option and the time-treatment option interaction

effects were evaluated. Simple contrasts were conducted

for each significant time main effect to determine the

source of the significant difference. The a level was set

at 0.05 for all analyses. All the analyses were computed

with the Statview System for Macintosh, version 5.9

(SAS Institute Inc. 1992-98).

Results
No significant differences in demographical (age and

gender) or clinical (chronicity, etiology and laterality)

Figure 2 Patients playing with the system. The eBaViR system consists of: 1) a WBB; 2) a PC; 3) Video display. The eBaViR system is suitable for

different levels of impairment and allows the treatment to be carried out in a secure way.

Table 2 Description of the balance scales and tests

Measure Description

Berg balance scale (BBS) A 14-item scale (measured from 0 to 4) designed to measure the balance of a person in a clinical setting. The scale
ranges from 0 to 56.

Brunel balance assessment
(BBA)

A functional balance measurement for people with a wide range of abilities; it has been specifically tested for post-stroke
use in a clinical setting. The scale ranges from 0 to 14.

Anterior reach test (ART) Maximum distance that the hand can be extended forward. The patient extends one arm to an angle of 90 degrees,
while standing with legs about shoulder- width apart. The test can be run in sitting (ART-sit) or standing (ART-stand)
position.

Timed stair test (TST) Time required to climb and to descend five 8 cm high steps with handrails on both sides.

Stepping test (ST) Times that the patient is able to place one foot onto a 7.5 cm high step and then back down to the floor within 15
seconds. The action is repeated as fast as possible during the test for the paretic and non-paretic leg. The step is placed
5 cm in front of the individual’s feet.

1-minute walking test
(1MWT)

Walking distance within a minute along an 8-shaped path that is 20 m long defined on a straight and nonslip surface.

10-m walking test (10MT) Time to walk 10 m on a straight and nonslip surface.

Time “up and go” test
(TUG)

Stop-watch measurement of the time taken for a return trip to a pole placed 5 m ahead, with the subject starting from
a seated position in a chair.

30-s sit-to-stand test
(30SST)

Repetitions of rising exercise from a sitting position on a bench.

A brief description of the scales and tests used in the study. The Berg and Brunel scales are widely used to assess the balance condition in a clinical setting. The

tests are identified with the acronyms in brackets. The TST, 1MWT, 10MT, TUG, 30SST are commonly used in the literature. The ART and ST are defined above.

The tests are identified with the acronyms in brackets.
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variables at inclusion were detected between groups

(Table 1).

A repeated measures ANOVA at the beginning and at

the end of the clinical trial revealed a significant time

effect for the BBS (p = 0.000), BBA (p = 0.048), standing

ART (p = 0.005), ST-paretic (p = 0.021), ST-non paretic

(p = 0.046), 1MWT (p = 0.007), TUG (p = 0.004) and

30SST (p = 0.003) (Table 3). No group effect was

detected for any outcome, which confirms the compar-

ability of both groups. Finally, significant group-by-time

interaction was detected in the scores of the BBS (p =

0.011) and the ART in standing position (p = 0.011).

With respect to these variables, post-hoc analysis

showed better improvement in trial patients when com-

pared to control subjects throughout the therapy.

The mean ± SD SFQ score was 55.560 ± 5.940 over

65. In addition, all the patients remarked having had fun

during the treatment. Only one case reported not being

in control of the exercises. None of the patients suffered

from spatial disorientation or cyber-sickness and no

adverse symptoms were described by therapists.

Discussion

Balance difficulties are amongst the most frequent

motor disorders of ABI patients [39-41]. The recovery

of this skill is an essential part of the rehabilitation pro-

cess, since it is associated with a dramatic improvement

in functional autonomy. The clinical study presented in

this paper suggests that virtual rehabilitation provided

significant improvement in static balance compared to

Table 3 Clinical data

Before treatment (X̄0±σ 0) After treatment (X̄20±σ 20) Difference (�X̄±�σ ) Significance

BBS

Control 45.38 ± 7.35 46.88 ± 6.15 1.50 ± 1.31 T**(p = 0.000)

Trial 41.22 ± 10.57 45.44 ± 8.62 4.22 ± 2.33 GxT*(p = 0.011)

BBA

Control 11.00 ± .1.31 11.13 ± 1.13 0.12 ± 0.35 T*(p = 0.048)

Trial 10.00 ± 2.00 10.33 ± 2.18 0.33 ± 0.50

ART standing (cm)

Control 25.44 ± 9.33 25.63 ± 9.74 0.19 ± 1.56 T**(p = 0.005)

Trial 24.13 ± 7.70 27.25 ± 10.38 3.12 ± 2.36 GxT*(p = 0.011)

ART sitting (cm)

Control 40.06 ± 6.87 40.13 ± 7.66 0.06 ± 6.35 NS

Trial 34.83 ± 11.92 37.78 ± 12.34 2.94 ± 4.05

ST paretic (n)

Control 6.57 ± 2.30 7.57 ± 2.44 1.00 ± 1.29 T*(p = 0.021)

Trial 6.75+3.58 7.63 ± 4.00 0.87 ± 1.46

ST non-paretic (n)

Control 8.17 ± 1.72 9.50 ± 3.39 1.33 ± 1.97 T*(p = 0.046)

Trial 9.33 ± 2.81 10.50 ± 3.02 1.16 ± 1.83

TST (s)

Control 14.82 ± 9.42 12.13 ± 4.94 -2.69 ± 6.19 NS

Trial 15.38 ± 9.69 13.52 ± 9.60 -1.86 ± 4.67

1MWT (m)

Control 31.13 ± 13.59 36.38 ± 15.39 5.25 ± 3.99 T**(p = 0.007)

Trial 31.94 ± 12.47 42.69 ± 20.43 10.75 ± 13.78

10MT (s)

Control 14.57 ± 10.95 14.07 ± 9.02 -0.50 ± 2.16 NS

Trial 13.47 ± 8.29 13.47 ± 10.64 -0.00 ± 2.60

TUG (s)

Control 24.00 ± 14.87 19.52 ± 10.91 -4.48 ± 4.98 T**(p = 0.004)

Trial 20.99 ± 15.11 18.69 ± 13.43 -2.30 ± 2.33

30SST (n)

Control 6.88 ± 3.52 8.50 ± 3.12 1.62 ± 1.68 T**(p = 0.003)

Trial 7.56 ± 4.19 9.00 ± 4.74 1.44 ± 1.81

Numerical data of the scores of scales and tests. The results are given in terms of mean (X̄) and standard deviation (s). The subindexes 0 and 20 represent the

assessments carried out before and after the treatment, respectively. G: group effect. T: time effect. GxT: group/time effect. * p < 0.05, ** p < 0.01. n represents

the number of repetitions.
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traditional treatment. The homogeneity of the subject

and their random assignment support the results.

According to BBS evolution, even though both groups

show improvement over time, the results provide evi-

dence of significant improvement in the trial group. As

regards BBA evolution, the increase in BBA scores for

both control and trial group is neglectable given de SD.

Differences in the structure and content of the two mea-

sures may lead to this inconsistency; since the BBA

score ranges from 0 to 14, this scale may not be as sen-

sitive as the BBS to detect minor changes.

The results also showed a significant improvement of

the sample in the ART over time with a better course of

recovery for individuals in the trial group. According to

the data, the trial group improved by 3 cm, which was

considered a noticeable improvement. The functional

reach test (FRT) has shown to improve over the course

of rehabilitation, especially in the earlier stages of the

recovery. Weiner et al. reported that the FRT is sensitive

to changes in subacute patients undergoing traditional

rehabilitation [42]. Brooks et al. described similar results

in acute geriatric patients after a rehabilitation program

[43]. Consequently, our results are promising consider-

ing the chronicity of our sample. In this sense, the FRT

responsiveness for the experimental group was high

(effect size: 1.3) compared to the control group (effect

size: <0.1). Then, since this test is suggested to be a clin-

ical measure of the stability and since it has correlation

with balance abilities and risk of falls in the elderly

[30,35], the clinical relevance of the improvement

achieved during the present study should be considered.

Although the eBaViR system is designed to train static

balance more specifically than dynamic balance, several

outcome measures focused on balance abilities during

gait and other complex motor tasks have also been con-

sidered. The results showed significant improvement

over time in all these measures, but no significant group

effect or group-by-time interaction was detected for any

of them, which suggests that both groups improved in

the same way. These results support the hypothesis that

the system promotes the recovery of static balance, in

which the system focuses on its exercises, while it has

no significant effect in dynamic balance, since it is no

specifically trained. Consequently, the therapy should be

reinforced with dynamic exercises towards a compre-

hensive functional recovery, either through virtual or

traditional therapy.

The significance of the time effect is especially out-

standing due to the chronicity of the sample. The

improvement in both groups is remarkable in spite of

the fact that the chronicity (570.9 ± 313.2 days) is sev-

eral times higher than a 6-month period, which is tradi-

tionally considered as the period with maximum

recovery (where spontaneous recovery takes place)

[44,45]. This fact makes the eBaViR achievements more

relevant and suggests that forthcoming systems should

have their basis more on the lost function and not so

much on the chronicity.

With regard to feedback data, the SFQ score was high

and corroborates the positive feedback of the patients

who underwent the virtual treatment, and no cyber-sick-

ness effect was detected. In addition, the therapists high-

lighted the ease and speed of use of the system.

In the last decade the emerging literature has demon-

strated that training can lead to an enhancement of

both the function and structure of the neural mechan-

isms. New rehabilitative strategies regarding motor

learning and plasticity principles are focused on high-

intensity, repetitive, and task-specific practice. According

to these principles, virtual rehabilitation systems are

excellent tools to enhance motor recovery since they

allow repetitive intense training and on-screen observa-

tion, practice and representation of task-specific activ-

ities [46]. The eBaViR system has demonstrated to

provide benefits to ABI patients affected by motor

impairments and could be especially useful for balance

rehabilitation under static conditions. In the field of skill

learning and brain plasticity, the transfer of the skill

acquired in the trained task to even other very similar

tasks is generally the exception rather than the rule.

This fact is well documented not only in the field of

motor domain [47] but also in those processes involving

perceptual learning [48] and cognitive recovery [49].

According to these principles, the greatest effects of

training in our sample were observed in tasks that most

closely mirror the trained task (static balance), with lim-

ited transfer of gains to other skills or to everyday com-

petence (dynamic balance activities). Thus, these results

encourage us to reinforce the virtual treatment with

new exercises in order to promote improvement in the

dynamic balance of patients. Future studies involving

larger samples and including the aforementioned new

exercises will be designed to evaluate the validity of

these assumptions.

Conclusions

eBaViR is a virtual rehabilitation system that uses the

WBB with software that is specifically designed and

developed in collaboration with clinical specialists for

the rehabilitation of standing balance. This paper pre-

sents a single blinded study with two parallel groups.

The study assessed the influence of a WBB-based virtual

rehabilitation system (eBaViR) on standing balance reha-

bilitation with ABI patients and showed that virtual

rehabilitation is capable of substantially improving the

condition of the patients. However, interpretations of

the results should be taken carefully considering the

characteristics of our sample. The heterogeneous nature
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of acquired brain injury in our sample is also another

limitation of the study.

The patients reported having had fun during the treat-

ment without suffering from cyber side effects, which

implies additional motivation and adhesion level to the

treatment. Although no ergonomics test was considered,

the specialists remarked on the ease and the speed of

use. This makes it possible to spend most of the session

on the treatment. As a token of their satisfaction, the

therapists now continue using the eBaViR system on a

daily basis for the standing balance rehabilitation of

their patients and have encouraged us to add new exer-

cises focusing on new issues. Currently, a second stage

of eBaViR is being designed to incorporate all of their

suggestions.

Additional material

Additional file 1: Table S1: Games developed for the eBaViR system.
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