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Background

Functional balance training is crucial for both rehabilitation and prevention. A Dynamic
Innovative Balance System (DIBA) is readily available for utilization in both functional
and postural control training in a wide variety of dynamic conditions.

Purpose

The purpose of this study was to compare the effectiveness of the DIBA and standard
balance training tools on dynamic and static balance.

Study Design

Randomized controlled trial

Methods

Thirty-six healthy males (18 to 32 years) were randomly assigned to group DIBA (n=18) or
to the control group (n=18) who performed balance training using a balance board, a
wobble board, the BOSU, or a soft cushion block for eight weeks. Each participant was
assessed before training, at the end of the fourth and eighth week by using the Flamingo
balance test (FBT) for assessing static balance ability and using Y-Balance Test (YBT) for
dynamic balance ability.

Results

No significant differences were found in FBT and YBT between the DIBA and control
groups at the end of fourth week (p>0.05). However, at the end of the eighth week, the
DIBA group demonstrated statistically significantly better balance ability on the anterior
component of YBT (p=0.001) and FBT (p=0.024) than controls.

Conclusion

The results of this study suggest that the DIBA was effective in both static and dynamic
balance training and it may be used alongside other balance tools in a clinical setting.
Further studies should include in lower extremity problems to confirm that DIBA training
adaptations are transferred to clinical improvements in performance and balance
qualities.

Level of Evidence
2d
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Figure 1. Examples of exercises being performed on the Dynamic Innovative Balance (DIBA) system.

a. steady stance, b. squat, c. lunge, d. squatting in lunge position, e. steady stance while foot platforms move away and together, f. upper body rotation, g. upper body rotation

while foot platforms move away and together, g. single leg stance while catching a ball.

INTRODUCTION

In the last decade, several balance systems have been used
for functional training in balance and postural control dur-
ing rehabilitation and return to sports. Accurate control of
posture and balance depends on a correct motor command,
which in turn relies on vestibular, visual, and proprioceptive
inputs.1—4

Balance and functional exercise interventions are essen-
tial parts of a rehabilitation program to improve balance
and kinesthetic sense of body parts in order to prevent in-
jury recurrence.l-2 Most of current balance training systems
provide training over a static foot, placed on different sur-
faces.> According to published literature, the BOSU,® wob-
ble board,”8 rocker board, and virtual reality systems like
Nintendo Wii~10 are used for functional balance training.
However, patients may have avoided putting the necessary
body weight on the injured leg during bilateral stance while
using such systems during the training program. This re-
duces the motivation of a patient because they may fear
re-injury or aggravation of their pain.l;12 Despite many
balance training systems having been described in the lit-
erature, few provide dynamic training options and promote
sufficient weight shift to the injured side.

The Dynamic Innovative Balance (DIBA) system consists
of two mobile foot platforms that independently move in
antero-posterior and medio-lateral directions. This mech-
anism is provided with a remote control, which gives ad-
vantages for control of the device for change(s) of direction.
This system allows the imitation of movements that occur
during functional daily activities. The subject being trained
places his/her feet on the platforms and attempts to main-

tain his / her balance in different positions such as standing,
walking, squatting, and lunging on the moving foot plat-
forms in pre-determined directions. (Figure 1) Balance
training exercises are selected among a series of exercise
and training protocols, which have been developed for use
with the DIBA.

To the authors’ knowledge, there is no published liter-
ature examining any balance exercise or training protocols
with the DIBA in clinical settings. Therefore, the purpose of
this study was to compare the effectiveness of the DIBA and
standard balance training tools on dynamic and static bal-
ance. It was hypothesized that balance exercises and train-
ing with DIBA as effective as exercising with standard bal-
ance tools.

METHODS
PARTICIPANTS

A total of 36 healthy males with age ranging between 18-32
years participated in this study. Participants were randomly
assigned into two groups as DIBA group (n=18) and control
group (n=18). For allocation of the participants, a com-
puter-generated list of random numbers was used.

The University Institutional Review Board approved the
ethical protocol for this study, and all volunteers were in-
formed about the nature of the study and signed a written
consent form. Flow chart of the study is shown in Figure 2.

Inclusion criteria included: males, age 18-40yrs, with no
lower extremity injury in the prior six months, no chronic
pain or surgery in lower extremity, right lower extremity
dominant, and willing to participate to the study as a vol-
unteer. Participants who had any neuromuscular, cardiores-
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piratory, neurologic disorders, had sustained any muscu-
loskeletal injuries over the prior six months, were currently
experiencing pain anywhere in the body, and had not par-
ticipated in three training sessions or two assessment ses-
sions, or had pain that could interfere with the training
and assessment sessions were excluded from this study. The
participants were also advised not to consume alcohol, take
nutritional supplements, participate in physical activities,
or use other recovery techniques such as analgesic drugs
and cryotherapy, throughout this study. Moreover, they
were asked to maintain their usual nutritional and water in-
take over the course of this study. Participants, who met in-
clusion criteria were randomly chosen among initially as-
sessed 48 healthy males, who performed moderate intensity
exercise lasting from 30 to 60 minutes at least three days
a week based on the criteria of American College of Sport
Medicine. 13,14

PROCEDURE

Balance assessment: Both the DIBA and control groups were
assessed before balance training, and again at the end of the
4th and 8th weeks. The Y-Balance test (YBT) was employed
for dynamic balance assessment and Flamingo balance test
(FBT) was used for static balance assessment as described
elsewhere.!%16 Each test was repeated three times consec-
utively using the dominant lower extremity (all participants
were right-side dominant), and the average value of three
measurements was used for statistical analysis.

The DIBA uses an electromechanical dynamic balance
training system, which developed by the authors. It consists
of two-foot platforms that move on its rail. The rails also are
able to move mediolaterally to increase or decrease distance
between the feet for changing exercise and training load.

Balance training program: All participants performed bal-
ance training supervised by same physical therapist at the
same clinic. Each training session was set 45-60 minutes,
three days per week for eight weeks in total. Although, both
groups received different types of exercise, the intensity of
exercises was similar. Exercises for the DIBA group were
divided into three categories according to their intensity.
The low intensity exercises were completed during the first
two weeks, moderate intensity exercises in the 3t to 4th
weeks, and high intensity exercises were completed during
the 5th to-8thweeks. Balance sample exercises for the DIBA
are shown in Figure 1.

Duration, repetitions and number of sets are given Table
1

Exercise protocol for control group: Participants in the
control group were received common balance exercises us-
ing BOSU, balance boards, wobble board, and a soft cushion
block. Exercise duration was 45-60 minutes, three days per
week for eight weeks in total.

STATISTICAL METHODS

Data were analyzed using IBM SPSS v.22 (IBM, Chicago, IL,
USA). Schapiro Wilk test was employed for whether data
were normally distributed. As data were not normally dis-
tributed, Mann Whitney U test was used for between group
comparisons, and Wilcoxon Signed Rank test with Bonfer-

Enroliment

Assassed for elghillty (n=48)

Excluged (n=7)
+ NOt meeting Inciusion citera (n=4)
+ Decined fo participate (n=3)

Randomized (n=41)

[ l

DIBA Group Allocated to Inferventon (n=20)
« Received allocated Intervention (n=18)
+ DK not receive allocated infervention

(@ not continue the program) (n=2)

Control Group Allocated to Intervention (n=21)
+ Recsived allocated Intervention (n= 18)
+ Did not receive aliocated intervention

{did not continue the program) (n-2)

(i1 not come 10 the test) (n=1)

Figure 2. Flow diagram of randomized controlled
trial.

.

Analyzed (n=18)

DIBA= Dynamic Innovative Balance System.

roni correction was employed for within group compar-
isons. The number of subjects in the study was based on the
anterior parameter of the YBT test, for the power of 80%,
and an alpha value of 5%, which indicated that at least 18
subjects should be included for each group.

RESULTS

The demographic data is shown in Table 2. Both the groups
were not statistically significantly different in age, body
weight, body height, and body mass index (p>0.05).

There were no significant differences between groups in
scores on the components of the YBT (p>0.05) at baseline
and at the end of 4t week measurements. However, a sta-
tistically significant difference was seen for only anterior
component of YBT (p=0.001) in favor of the DIBA group at
the end of the 8th week. Within group comparisons demon-
strated significantly higher YBT scores in the anterior
(p=0.01) and posteromedial (p=0.014) directions at the end
of 8th week compared with baseline scores for the DIBA
group (Figure 3). Similarly, the scores of postero-medial
(p=0.008) and postero-lateral (0.001) components of the
YBT were significantly higher at the end of 8th week com-
pared with those of baseline measurement for control group
(Table 3).

There was not a statistically significant difference be-
tween groups in scores of the FBT at baseline and at the end
of 4thweek (p>0.05); however, the number of falls was sig-
nificantly lower in favor of the DIBA group (p=0.024) at the
end of the 8thweek. The DIBA group demonstrated a statis-
tically significant lower number of falls during FBT at the
end of 8th week (p=0.011) compared to those at baseline
measurement. There was not a statistically significant dif-
ference within group FBT scores (p>0.0167; Bonferroni cor-
rection) in control group (Figure 4).

DISCUSSION

The purpose of this study was to investigate whether results
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Table 1. Duration, repetitions and number of sets in balance exercises for DIBA and Control Group*

Weeks Balance Training Program DIBA group Control group
Time X repetition X set Time X repetition X set
0-2 weeks 1: Steady standing in upright position * 60s X 8 rep. 60s X 8 rep.
2: Steady standing in upright position on DIBA with 60s X 8 rep. 60s X 8 rep.
balance
3: Steady standing in the squat position * 30s X 10rep. 30s X 10rep.
4: Steady standing in the squat position on DIBA 30s X 10 rep. 30s X 10 rep.
5: Squatting exercise in lunge position * 10rep. X 3set 10rep. X 3set
6: Squatting exercise in lunge position on DIBA 10rep. X 3 set 10rep. X 3 set
3-4 weeks 7: Catching and throwing ball in steady lunge position on 15rep. X 3 set 15rep. X 3 set
DIBA and on floor *
8: Catching and throwing ball in steady squat position on 30s X 10 rep. 30s X 10rep.
DIBA and on floor *
9: Steady standing in upright position while DIBA foot 12 rep. X 3 set 12rep. X 3set
platforms move away and toward each other.
10: Squatting exercise as DIBA foot platforms move away 12 rep. X 3set 12 rep. X 3set
from and toward each other.
11: Steady standing in squat position with eyes closed on 30s X 10rep. 30s X 10rep.
DIBA and on floor*,
12: Steady standing in lunge position with eyes closed. on 30s X 10 rep. 30s X 10 rep.
DIBA and on floor*
5-8 weeks 13: Rotation of upper body as foot platforms move away All direction 8 All direction 8
from and toward each other on DIBA and on floor * repX3set repX3set
14: Lunge exercise as foot platforms move antero- 15 rep.X 3 set 15 rep.X 3 set
posteriorly while they away from each other and on floor
15: Single leg stances foot platforms move away from 30s X 12 rep. 30s X 12 rep.
and toward each other and antero-posteriorly on floor *
16: Catching a ball during single leg stance on foot 30s X 12 rep. 30s X 12 rep.
platforms as move away from and toward each other and
antero-posteriorly on floor *
17: Single leg stance with eyes open as foot platforms 20s X 8 rep. 20s X 8 rep.
move away from and toward each other and antero-
posteriorly on floor *
18: Single leg stance with eyes closed as foot platforms 20s X 8 rep. 20s X 8 rep.
move away from and toward each other and antero-
posteriorly on floor *
s: second; Rep: repetition; *= exercises performed by the control group
Table 2. Demographic characteristics of the subjects
DIBA group (n=18) Control group (n=18) p-value
Mean+SD (Range) Mean+SD (Range)
Age (year) 24.4+3.3(18-32) 23.7+2.8(20-29) 0.525
Body Height (cm) 178.2+5.0(168-188) 176.1+5.7 (169-176) 0.253
Body Weight (kg) 73.2+6.9 (62-85) 70.8+6.7 (58-82) 0.314
Body Mass Index (kg/m?2) 22.7+1.9(19-25) 22.4+2.6(17-26) 0.720

block. Following the eight-week balance training and ex-
ercise intervention, the DIBA group reached a greater dis-
tance on the anterior component of YBT, and had a lower

of balance exercises using the DIBA differ from those of bal-
ance training using standard balance exercises tools such
as BOSU, balance boards, wobble board, and a soft cushion
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Table 3. Between and within group comparison of Y-Balance Test scores.

Direction DIBA group Mean+SD (Range) Control group MeanSD (Range) p-value
Anterior (cm)
Baseline 77.0£5.8 (66-87) 74.1+5.5 (64-86) 0.134
4th week 77.3+6.2 (67-90) 75.2+5.4 (66-86) 0.293
8th week 81.0+6.0 (66-90) 74.7+4.8 (68-86) 0.001**
p-values >0.0167 (Baseline vs. 4th wk) >0.0167 (Baseline vs. 4th wk)
=0.01 (Baseline vs. 8th wk)** >0.0167 (Baseline vs. 8th wk)
>0.0167(4th. week vs. 8th. week) >0.0167 (4th. week vs. 8th. week)
Posteriomedial (cm)
Baseline 88.6+9.5 (65-109) 85.9+4.4 (78-93) 0.171
4th week 88.2+7.6 (68-100) 87.1+5.0(77-97) 0.406
8th week 90.8+9.8 (70-115) 87.8+5.3(80-95) 0.293
p-values >0.0167 (Baseline vs. 4th wk) >0.0167 (Baseline vs. 4th wk)
=0.014 (Baseline vs. 8th wk)** =0.008 (Baseline vs. 8th wk)**
>0.0167 (4th. week vs. 8th. week) >0.0167 (4th. week vs. 8th. week)
Posteriolateral (cm)
Baseline 91.1+8.3 (74-108) 88.1+4.4 (88-92) 0.226
4th week 90.1+8.1 (74-107) 90.0+4.5 (81-96) 0.988
8thweek 91.5+7.7 (76-110) 91.6+4.9 (80-98) 0.563
p-values >0.0167 (Baseline vs. 4th wk) >0.0167 (Baseline vs. 4th wk)
>0.0167 (Baseline vs. 8th wk) =0.001 (Baseline vs. 8th wk)**
>0.0167 (4th. week vs. 8th. week) >0.0167 (4th. week vs. 8th. week)

* Significant difference at p < 0.05
**Significant difference p<0.0167 (Bonferroni correction)

number of falls on the FBT.

Several authors have suggested that a decrease in lower
limb proprioceptive sense after injures is linked with bal-
ance deficits.!7~19 However, both static and dynamic bal-
ance may improve with properly designed exercise and
training programs. Muscle spindles and Golgi tendon or-
gans are considered the main proprioceptors,29:21 and their
function may improve with conditioning and strengthening
exercises.21723 There are a number of balance training tools
and devices currently used in clinical settings for improving
muscle strength and proprioceptive sense in order to in-
crease balance ability following lower extremity injury. Few
of them have features of computerized or electromechani-
cally controlled mechanisms and the ability to provide cus-
tomized training programs.

Most systems lack functionality and the ability to simu-
late activities of daily life. Ground surface balance training
tools are generally fixed to the floor. While most balance
training equipment does not provide perturbation, which
dynamically challenges participants, the DIBA has dual
movable foot platforms allowing for perturbation in medio-
lateral and antero-posterior directions during different pos-
tural conditions such as lunging, squatting, single leg
stance with eyes open and closed, and also can be used with
additional activities such as throwing and catching ball.

Because physical exercise and training for increasing bal-
ance ability requires an individual’s active participa-
tion, 1724 the DIBA, with its variety of activity combinations
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Figure 3. Comparison of Y-Balance test between and
within groups.

*: Significant difference between groups p<0.05
*: Significant difference within groups p<0.05

was engaging for participants during the eight-week train-
ing program. This eight-week duration has also been sug-
gested by Brachmann et al.25 for detectable change in bal-
ance ability, indeed the results of the current study did
not find any significant difference between groups for test
scores at the end of the 4th week.

Performing an exercise program on antero-posterior foot
platform that could be perturbed during combined activities
was more effective in affecting the anterior reach compo-
nent of YBT than other balance tools. The anterior reach
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of the DIBA group showed a 5.19% improvement while an-
terior reach of the control group showed only a % 0.8 im-
provement. On the other hand, medial and lateral com-
ponent scores of the YBT did not demonstrate significant
differences between groups (Posteromedial DIBA group
2.48%, control group 0.8%, posterolateral DIBA group
0.43%, control group 3.9%). This may be because the medi-
olateral perturbation done by the DIBA is not as large as
that which occurs in the antero-posterior perturbation. This
could suggest that mediolateral perturbation of trunk sta-
bility may be increased when the two feet are apart from
each other. Consequently, healthy participants without bal-
ance deficits may not show improvement in their balance.
It would be worthwhile to study this exercise progression
for balance training program using the DIBA on people with
lower extremity injuries.

Assessment of static balance using FBT showed that
number of falls for the DIBA group was less when compared
to control group at the end of 8th week. This result may in-
dicate improvement in proprioceptive input that allows for
accurate motor responses that function to keep the body’s
center of mass over the base of support, which may have
been due to the dynamic behavior of the DIBA. Improving
proprioceptive acuity of the muscular structures of lower
extremity muscles using a dynamic balance training system
may improve the afferent contributions of proprioceptors
in the muscles such as muscle spindles and Golgi tendon
organ, positively affecting balance ability.2¢ This assertion
was not directly studied in this research, however.

Despite the feet being fixed on movable foot platforms
when using the DIBA, the distal end of the lower extremity
still moves antero-posterior and mediolateral directions,
which may be considered an open kinetic chain. However,
these movements are not completely unconstrained, as
maintaining of balance over the DIBA requires movement of
proximal segments. Therefore, the combination of open and
closed kinetic chain exercises with the DIBA may be more
advantageous than the other balance equipment.

Poor performance on the YBT is associated with an in-
creased risk of variety of lower extremity injuries. Espe-
cially, ‘poor performance’ in anterior direction of the YBT
(total reach direction and asymmetry), has been shown to
have the most consistent relationship with increased injury
risk.2728 Anterior (ANT) reach distance asymmetries
greater than 4 cm are associated with a 2.3 to 2.5-time
greater risk of lower extremity injury.2? In the current
study, healthy subjects in the control group had a mean an-
terior reach asymmetry of 6.3cm, which is greater than this
threshold. This may indicate that the sedentary subjects in
the current study were at an increased risk of sustaining a
lower extremity injury.

The importance of being able to produce large ranges of
hip flexion is supported by the kinetic models for posterior
reach distances including hip extensor moments for both
posterior medial (PM) and posterior lateral (PL) reaches,
and by other studies?530 which show that hip extension
strength is strongly correlated with posterior reach perfor-

8 14

DIBA group Control group

mBaseline mdthweek u 8thweek

Figure 4. Comparison of Flamingo balance test
between and within groups.

*: Significant difference between groups p<0.05
*: Significant difference within groups p<0.05

mance. The knee extensor and hip abductor moment ex-
plained variance in ANT and PM reaches, while the hip
extensor moment explained variance in PL and PM
reaches.29,30

This study was limited to the measurement of young
healthy individuals; therefore, the results may differ for
subjects of different ages and in the presence of clinical
conditions. Second, testing of muscle strength that would
be worthwhile to investigate to discern whether a change
in muscle strength affected measures static and dynamic
balance. Thirdly, the study design did not allow any con-
clusions to be drawn about level of the muscular system at
which any adaptations occurred or if these would be trans-
ferred to sports movements. Finally, the majority of partic-
ipants were first year physiotherapy students and therefore
may have had some previous exposure to balance training,
the effect of which is not known. Tasks were repeated and
therefore it is possible that fatigue affected the overall per-
formance. It is possible that a learning effect may have been
present. We think that the DIBA would be reliable for doing
balance exercises within a healthy population and provide a
reference for further clinical studies.

CONCLUSION

The results of the current study indicate that the DIBA may
improve balance better than balance exercises using stan-
dard balance training tools such as the BOSU, balance
boards, wobble board, and a soft cushion block. Clinical im-
provements in dynamic measures of postural control pro-
vide an insight into the use of an alternative form of func-
tional balance training using the DIBA with healthy
subjects.
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