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Abstract

Background Balance and coordination are important for performing activities of daily living. Balance and coordination
assessment and training are used by physiotherapists in many different rehabilitation areas. Marmara Balance and Education
System (MarBES) is a device developed to evaluate and improve balance and coordination.

Aims To examine the test—retest reliability of the MarBES device.

Methods Double-leg and single-leg (eyes open-closed) tests were applied to healthy young adult participants for balance
testing on the MarBES device. Weight data is estimated from pressure sensors located in 4 different corners and a score is
calculated with computer software for the individual’s center of gravity (center of pressure X, Y) and the amount of devia-
tion from the center for each axis. Weight transfer to the target surface was measured for assessment of the participants’
coordination performance. Participants rested for 10 min and all measurements were repeated by the same evaluator. The
obtained data were recorded and the reliability of the measurements was evaluated with Spearman’s rho correlation analysis.
Results A total of 40 healthy young individuals (28 female) with a mean age of 21 years were included. The balance assess-
ments with MarBES showed moderate to good reliability ICC: 0.535-0.903). The coordination assessment results showed
moderate to good reliability (ICC: 0.575-0.712).

Conclusions Objective evaluation of balance and coordination parameters is very important in rehabilitation. Results of the
study showed that the MarBES device developed by the researchers is a reliable method for the evaluation of balance and
coordination in healthy young individuals.
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Introduction

Balance, or postural equilibrium, term involves the alignment
of joint segments in an effort to keep the center of gravity
within an optimal range of the maximum stability limits [1].
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Coordination is defined as the ability to use different body
parts together smoothly and efficiently. Balanced and coor-
dinated movements are multidimensional and require the
organization of multiple subsystems as the central nervous
system, the vestibular system, the musculoskeletal system, the
somatosensory system, and the visual system [1, 2].

Balance and coordination are important for people to
be able to perform activities of daily living independently.
Without adequate balance and coordination, walking can
become impossible and even standing can become difficult
[4, 5]. Humans were created for a variety of movements and
physical activities throughout the day. Balance and coordina-
tion are of great importance for smooth, fluid, and purpose-
ful movement [6-8].

Balance and coordination systems must function as a whole
to ensure the balance of individuals. Even without health prob-
lems, problems with balance and coordination can occur with
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age [1, 5]. In the clinical setting, people receive exercise from
physical therapists using various methods to improve their
balance and coordination, protect them from injury, and gain
independence, and improve sportive performance [1, 3-7].

There is a close connection between somatosensory sys-
tems, proprioception, balance, and coordination [1]. Gener-
ally, approaches are used to improve balance and coordination
by pushing and pulling the patient’s body, transferring weight
from one lower limb to another on balance boards, and walking
exercises in various patterns in clinical practice. Exercises are
started on static, bilateral, and stable surfaces and progressed
using dynamic, unilateral, and unstable surfaces [6—8].

There are some assessment methods used for balance and
coordination assessment in clinical practice, but these pro-
vide subjective information to the clinicians [1]. Today, tech-
nological devices are being developed to adapt the possibili-
ties in the clinical environment to the new era to objective
assessment balance and improve balance and coordination
[9, 10]. It is very difficult to access the available technologi-
cal devices because they are expensive. In addition, many
existing devices evaluate only static balance [1, 9]. The aim
of this study is to evaluate the reliability of the device “Mar-
mara Balance and Education System (MarBES)” developed
in our university within the scope of a TUBITAK project,
which can guide the user with visual, auditory, and mechani-
cal notifications and allows both objective evaluation and
training for balance and coordination. The system includes
software that provides both visual and auditory feedback, as
well as an interactive floor.

Methods

This cross-sectional study was conducted at the Biomechan-
ics and Virtual Reality Laboratory, Faculty of Health, Mar-
mara University, Istanbul.

A total of 40 participants were included in this study. All
the participants recruited in this study satisfied the inclusion
criteria: healthy young adults, aged between 18—45 years,
able to stand independently for at least 30 s. Participants were
excluded in the presence of any neurological or orthopedic
problems that may affect balance and coordination, use of
medication that may affect balance, congenital vertebrae and
lower extremity deformities, lower extremity surgery in the
last 6 months, and sensory, hearing, and vision problems.

Before starting the study, the purpose and methodology
of the study were explained in detail to all participants in
written and verbal. All participants signed an informed con-
sent form before participating in the study. The study was
approved by the Marmara University, Faculty of Medicine,
Clinical Research Ethics Committee. All procedures were
performed in accordance with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.
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Fig.1 Top and bottom views of the platform

MarBES is a device developed by the researchers for the
evaluation and training of balance and coordination to be
used in the training and treatment of the neuro-muscular sys-
tem. The device consists of software with visual and audi-
tory feedback and an interactive floor. There are pressure
sensors and electronic cards that will detect the weight of
the individual on the interactive floor (Figs. 1 and 2). The
upper part of the floor was produced by adding LED lights
designed in the form of footprints so that the person can
receive visual and auditory feedback. Software section with
visual and auditory feedback; by embedding C-based codes
into the Arduino control card, processing the data formed as
a result of pressure on the Load-Cell (weight sensors) and
transferring them to the interface design on the C# Win-
dows Form, it presents the visual and auditory richness to
the operator and the user. Weight data is estimated from
pressure sensors located in 4 different corners and a score
is calculated with computer software for the individual’s
center of gravity (center of pressure X, Y) and the amount of
deviation from the center for each axis. In the assessment of
coordination, the transfer time (reaction) of the determined
amount of the individual’s weight (for example, 20% of the
body weight) to the target surface is measured. Weight trans-
fer to the target surface was measured for assessment of the
participants’ coordination performance.

Fig.2 Weight modules
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Participants’ balance and coordination were evaluated on
the MarBES platform. The participants were asked to stand
on the MarBES platform for four conditions: double-leg and
single-leg standing with eyes open and closed. Participants
rested for 10 min and all measurements were repeated by the
same research assistant.

Balance Tests

Participants were asked to stand with their arms at the hips
for 60 s on the foot pictures on the platform in the center of
the MarBES platform (Fig. 1), with their eyes open and eyes
closed. The test was terminated when the subject came out
of this position and the time was recorded.

Single-leg balance test was applied for both legs. The sub-
jects were asked to stand unsupported with knee and hip exten-
sion on one leg, and their other foot was fixed at the midpoint
of the central platform for 30 s. When the arm left the hip or
the foot touched the ground, the test was stopped and the time
was recorded.

The results of the both double-leg stance and single-leg
stance tests were recorded as scores, which were calculated
by the developed software based on the deviation of the center
of gravity on the X and Y axes.

Coordination assessment

For the coordination assessment, it was requested that while
the subject stood on one foot on the 5th surface (center of
the platform) (Figs. 3 and 4), the other foot contacted the tar-
get area which was red-lighted until it turned green on the
MarBES platform without any assistance with arms. The
subject transferred 20% of the total weight on the surface in
100 ms, the color change was observed. The order in which
they could touch which surface was determined based on the
identified patterns by the researchers. The different patterns
were used for the right and the left foots. The test was finalized
when the subjects touched any other area out of the target. The
score was obtained based on the software algorithm including
the speed, time, and accomplished task for both feet.

In the center of the MarBES device, when the foot is in the
standing position, the weight data detected by the pressure sen-
sors at four different corners under the surface are calculated with
the computer software. The calculation formula used here is:

ri 1 w g; v
Y 17 WY

Fig.3 Red led: target led; and green led: confirmation led

m1, m2, m3, m4: weight data detected
by four different pressure sensors

The balance score is calculated in proportion to the absolute
value of the deviation of the center of gravity from the axis.
According to this formula, the smaller the amount of devia-
tion, the higher the score. The score calculation on the X and
Y axes is done separately from each other. Thus, deviations in
the balance axis can be evaluated independently. The formula
used in the score calculation is as follows:

Balance score X = / (Center X — |X;,,)

Balance score Y = / (Center Y — |Y,,,|)

In the coordination test, the individual’s time to transfer
his weight to the target surface (reaction) is measured. The
coordination score is calculated by computer software with
the following formula:

Coordination score = / (Target time — Reaction time)

The obtained data were analyzed using the SPSS (v16.0)
program. Conformity to normal distribution was analyzed
using the Shapiro-Wilks test. Descriptive statistics were
used for demographic variables. Spearman’s correlation
coefficients for each measurement were calculated and
test—retest reliability was assessed using Spearman’s rho
correlation analysis (2-tailed). If the p-value is less than
0.05 and the Pearson correlation coefficient is above 0.7,
the researchers can have evidence of test-retest reliability.

(m X = X) + (myX = X) + (m3 X = X) + (myX — X)

Center of Gravity X-axis coordinate: X, =

(mY =Y) + (myY = Y)+ (myY = Y) + (m,Y — Y)

Center of Gravity Y-axis coordinate: Y, =
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Fig.4 Coordination exercise screen

Intraclass correlation coefficient (ICC) was calculated for
the test-retest reliability. The ICC was interpreted as fol-
lows: any score above 0.9 indicates excellent reliability,
0.75-0.9 indicates good, 0.5-0.75 indicates moderate, and
values below 0.5 indicate poor reliability [11, 12].

Results

Twenty-seven of the participants were women (70%). The
median age was 21 years (IQR 25/75: 20/22 years) and the
median BMI was 23.09 (IQR 25/75: 20.66/26.10). The
descriptives of the balance and coordination tests are pre-
sented at Tables 1 and 2.

The balance score results are measured in the X and Y axes
of the center of gravity when both feet are in the standing posi-
tion on the foot; pictures in the square in the center of the
device are shown in Fig. 1. According to these results, the
double-standing balance scores of the participants were found
to be quite high (X: 93.27-95.66; Y: 87.78-88.98).

The double-leg stance test showed a moderate ICC=0.535)
and a good (ICC=0.871) reliability for the X and Y axes in
eyes open condition (Table 1). Among repeated measurements,
there was moderate correlation in the X axis scores (r=0.538,
p=0.000) and high correlation was found in Y axis scores
with eyes open conditions (r=0.722, p=0.000, Table 1). In
the eyes closed condition test, X axis and Y axis measurements

Table 1 The descriptives of MarBES balance tests and the correlations of the repeated measurements

Score (%) Median (IQR: 25/75) Rho p ICC (95% CI)

Double-leg stance (eyes open) X1 95.66 (92.66/97.18) 0.538 <0.001% 0.535 (0.143-0.751)
X2 93.93 (91.65/96.23)
Y1 88.04 (80.19/93.41) 0.722 <0.001* 0.871 (0.756-0.932)
Y2 88.35 (81.59/92.67)

Double-leg stance (eyes close) X1 93.27 (90.15/95.68) 0.699 <0.001* 0.769 (0.546-0.883)
X2 93.37 (90.88/95.43)
Y1 88.98 (78.21/93.80) 0.609 <0.001% 0.815 (0.650-0.903)
Y2 87.78 (80.10/91.21)

Single-leg stance (right) (eyes open) X1 93.01 (89.65/96.03) 0.714 <0.001% 0.754 (0.444—0.843)
X2 92.48 (89.57/95.81)
Y1 80.20 (73.67/88.80) 0.783 <0.001* 0.852 (0.655-0.930)
Y2 85.30 (76.68/92.19)

Single-leg stance (right) (eyes close) X1 89.42 (76.29/91.72) 0.634 <0.001% 0.777 (0.576-0.882)
X2 89.07 (76.47/91.68)
Y1 71.37 (61.39/80.01) 0.462 0.003%* 0.755 (0.537-0.870)
Y2 74.00 (65.48/83.40)

Single-leg stance (left) (eyes open) X1 89.02 (84.98/93.52) 0.513 <0.001% 0.903 (0.817-0.949)
X2 88.47 (84.46/93.32)
Y1 87.39 (76.86/93.63) 0.686 <0.001* 0.796 (0.616-0.892)
Y2 87.94 (76.93/92.49)

Single-leg stance (left) (eyes close) X1 78.75 (50.48/87.66) 0.563 <0.001* 0.802 (0.627-0.895)
X2 78.52 (44.06/87.53)
Y1 69.75 (48.73/81.45) 0.617 <0.001% 0.767 (0.562-0.877)
Y2 61.27 (42.67/82.17)

Spearman’s rho correlation analysis was used

IQR 25/75 interquartile range 25/75, 1 1st assessment, 2 2nd assessment

#p<0.05
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Median (IQR: 25/75) Rho p ICC (95% CI)

Table 2 The descriptives of Score (%)

MarBES coordination tests and

the correlations of the repeated Coordination  Right 1

measurements Right 2
Left 1
Left 2

72.47 (66.59/77.44) 0.585 <0.001* 0.575 (—=0.143 to 0.823)
79.33 (75.84/81.57)

78.57 (73.62/80.75) 0.690 <0.001%* 0.712 (0.368 to 0.860)
80.36 (77.06/82.53)

Spearman’s rho correlation analysis was used

IQR 25/75 interquartile range 25
*p<0.05

of the double-leg stance test showed a good level of reliability
(ICC=0.769, ICC=0.815) (Table 1). Moderate correlations
were found in the X and Y axis scores in the eyes open condi-
tions (r=0.699, p =0.000; r=0.609, p=0.000, Table 1).

The single-leg stance test scores were calculated based on
the deviation in the X and Y axes of the center of gravity while
standing on one leg are shown in Table 1. The single-leg stand-
ing balance scores of the participants were also quite high. The
X axis and Y axis of the right foot standing balance test showed
a good degree reliability ICC=0.704, ICC=0.852) (Table 1).
A good degree test—retest reliability was found (ICC=0.777,
ICC=0.755) for the X and Y axes of right foot standing in eyes
closed condition (Table 1). An excellent test—retest reliability
(ICC=0.903) was found for X axis and a good degree of reli-
ability for Y axis ICC=0.796) of the left foot standing balance
test in eyes open condition, while the X and Y axes showed good
reliability JCC=0.802, ICC=0.767) in eyes closed condition
(Table 1). While there was a moderate correlation in the X and Y
scores of the right foot eyes closed (r=0.634; r=0.462; p=0.000
respectively) and the left foot eyes open (r=0.513; r=0.686;
p=0.000 respectively) and closed (r=0.563; r=0.617; p=0.000
respectively), there was a high level of correlation in the right foot
eyes open X and Y scores between both measurements.

The coordination test performed with weight transfer of 20%
of the person’s weight and the measurement time adjusted to
100 ms indicate that the coordination performances of the par-
ticipants were at a good level (72.47-80.36). While good degree
test—retest reliability was found (ICC=0.575, ICC=0.712)
for coordination tests, a high level of correlation was found
between the repeated measurement scores for the right and left
legs (r=0.585; r=0.690; p=0.000 respectively, Table 2).

The results of the balance scores calculated according to the
COP data obtained from the single- and double-foot balance eval-
uation of the participants and the coordination scores calculated
according to the reaction times show that the test—retest reliability
of the MarBES device is at a valid and acceptable level.

Discussion
The results of this study showed that the MarBES device devel-

oped by the researchers was reliable in repeated measurements
in balance and coordination assessment. The reported data can

/75, 1 1st assessment, 2 2nd assessment

be considered useful for measuring balance and coordination
tests, and identifying the interventions designed to improve
physical function in healthy populations.

Balance is defined as the ability to maintain body orien-
tation in space under static and dynamic conditions, inter-
preted as postural stability at rest and during active move-
ment or in response to external perturbations. The visual
system, vestibular system, and somatosensory receptors in
the muscles, bones, and skin provide information from the
environment, this multisensory information is integrated
in the central nervous system, and posture is achieved by
commands to the muscles. Adaptation to the environment
is achieved by reactive postural responses and anticipatory
postural adjustments [13—15].

The capacity for coordinated movement is the capacity
for fluid, precise, and controlled action. Multiple joints and
muscles must be coordinated to move in a fluid, effective,
and precise manner. This requires that they be triggered
at the right time and with the right amount of force. The
sequencing, timing, and grading of the activation of several
muscle groups are thus the basis of coordination. Coordi-
nation, like balance, is achieved by integration of visual,
vestibular, and sensory inputs in the central nervous system.
The cerebellum and basal ganglia also play an important role
in maintaining coordinated movements [13, 16]. In many
neurological diseases, both balance and coordination are
affected. This is because the neuro-muscular system needs to
work in coordination for good balance. Similarly, if a person
cannot maintain a good balance, he/she will have difficulty
in performing coordinated movements for a purpose. Physio-
therapists perform both balance and coordination assessment
and rehabilitation not only in the field of neurology but also
in different areas such as pediatrics, geriatrics, orthopedic
trauma, and post-surgery [13-18].

In this study, since computerized systems that can make
standardized measurements are expensive and difficult to
access, within the scope of a TUBITAK project, it was aimed
to develop a device that would allow the evaluation and clini-
cal operation of balance and coordination in cooperation with
the physiotherapy and engineering departments of our uni-
versity and to test the measurements of this device.

The main goal of balance control is to maintain the stability
of the body by managing the relationship between the center
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of mass (COM) and base of support (BOS). If the person can
maintain the center of mass within the base of support, there
is balance. The two main biomechanical variables used in the
assessment of balance problems are COP and center of mass
(COM). The COP is the vector point of the total ground reac-
tion force, and the COM refers to the average position in 3D
space of segments of the body in accordance with their spe-
cific masses. COM may be a deliberate representative of the
drives of the complete human corpse [13]. Most of the balance
assessment systems used in laboratories and clinics, which
include a force platform, evaluate these two parameters and
provide valid and reliable measurements [10, 13]. In the device
developed by the researchers and presented in this article, the
COP change of the person in the X and Y axes was recorded
and evaluated by means of sensors placed under the platform.

The test—retest method was carried out to verify the reli-
ability of the developed device. The MarBES has proven
to present acceptable reliability. The ICC results indicated
that balance assessments were stable under varying condi-
tions such as eyes open and eyes closed. Analyses showed
that coordination assessments were reliable, albeit at a lower
level than balance assessments.

Balance systems computer-aided can provide objective
evaluations that have been proven to give valid and reliable
results in different populations. Biodex Balance System and
Wii are among the most frequently used assessment devices.
Hinman described the differences in test-retest reliability of
balance measures produced by the Biodex Balance System in
a summary of four studies. Test-retest reliability of the sub-
jects’ limits of stability and overall stability index were both
computed. The ICC for the overall stability index ranged
from 0.44 to 0.89 for the static balance tests. The ICCs for
the limits of stability tests, on the other hand, ranged from
0.64 to 0.89, demonstrating less variability than static meas-
ures [19]. Wikstrom et al. reported that the reliability of
Wii Fit balance activity scores ranged from good to poor
(ICC=0.80 to 0.39), with 8 activities having poor reliability
[20]. However, Chang et al. reported that the Wii Fit balance
board had a good intraclass correlation (0.86—0.99) for older
adults [21]. The different results obtained in different studies
evaluating the balance board may be due to differences in
the methodology of the studies. While Wikstrom et al. used
activities such as deep breathing, tree, standing knee, palm
tree, single-leg extension, single-leg bending, side leg rais-
ing, basic balance, agility, walking, stability, and single-leg
stance in their study, Chang et al. evaluated the activities of
standing on both feet with eyes open, standing on both feet
with eyes closed; and standing on one leg with eyes open on
the dominant leg, similar to our study [21]. In the present
study, the ICC values of balance assessment with MarBES
device are between 0.535 and 0.903. The fact that we found
a moderate level of reliability regarding the X axis in the
double-leg stance test scores may be related to the software
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algorithm of the device and it is aimed to update the soft-
ware with different algorithms in the future.

On the other hand, computer-based systems or several test
batteries including multiple clinical tests are used for coordina-
tion assessments. Some tests focus on the number of repetitions
in a certain period of time; the others focus on how accurately
the task is done and evaluated by the ordinal rating scale. With
the development of technology, robot-assisted coordination
evaluations have also come to the fore. Hand dexterity assess-
ments in multiple sclerosis (MS) patients and limb dexterity
and interlimb coordination in stroke patients can be performed
by robot-assisted systems [17, 22, 23]. Additionally, robotic
tasks and measures have been used successfully to quantify
impairment of children with cerebral palsy (CP) [24]. Gaming
technology has been used for task-based therapy, the improve-
ment in the coordination, endurance, or strength is usually inter-
preted based on the score of the game [25]. However, therapists
will need to monitor motor performance. Besides, many robotic
tasks include multiple performance parameters, so interpreta-
tion of results and identification of impairment can be difficult,
especially when multiple tasks are completed. Although the
coordination testing is a part of neurological examination, the
psychometric properties of many tests are unknown. Clinicians
may prefer to use certain tests more than others; coordination
test selection should be based largely on their validity, reliabil-
ity, and responsiveness in the tested population.

It has been reported in the literature that the KINARM
robotic exoskeleton is used for upper extremity coordination
assessment in neurological diseases. The researchers found a
moderate to high correlation between some clinical assess-
ments and KINARM assessment, but did not test the reliabil-
ity of the measurement [24, 26]. Some gait analysis systems
have also been used to assess lower limb coordination [27].
Validity and reliability studies of systems assessing both bal-
ance and coordination are very limited in the literature. There-
fore, we think that our study will contribute to the literature.

The MarBES device has the advantage of evaluating both
coordination and balance, in contrast to other devices. Fur-
thermore, it gives the chance to assess how well one can bal-
ance while standing on one leg, both statically and with the
other leg extended in various directions. Changes in seconds,
distance, or COP are displayed as evaluation results in other
devices or clinical tests that assess balance. The software in
the MarBES device generates a single score. The software
that will be improved in the future will attempt to calculate
the COP change with greater accuracy.

This study provided evidence regarding the test—retest reliabil-
ity of MarBES device. Although it is not possible to talk about
a single gold standard test for balance or coordination assess-
ments, investigations of the correlations between some clinical
tests’ results and MarBES measurements could be useful. Moreo-
ver, the sample tested was entirely made up of healthy young
adults. There is a need to validate the measurement properties
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and algorithms in different conditions, such as musculoskeletal,
neurologic, or systemic diseases.

Funding This work was supported by the e TUBITAK 3001 Startup
AR-GE Projects Support Program, with project no. 317S019. These
funds were primarily used for the purchasing of equipment. This fund
provider had no role in the study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Data availability The datasets generated during and/or analysed dur-
ing the current study are available from the corresponding author on
reasonable request.

Declarations

Ethics approval All the procedures performed in the studies involving
human participants were in accordance with the ethical standards of
the Ethics Committee of the Faculty of Medicine, Marmara University
(Approval Number: 09.2017.257) and with the 1964 Helsinki declara-
tion and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Consent to participate We certify that no party having a direct interest
in the results of the research supporting this article has or will confer a
benefit on me or on any organization with which we are associated. This
cross-sectional study was conducted at the Biomechanics and Virtual
Reality Laboratory, Faculty of Health, Marmara University, Istanbul.

References

1. Guskiewicz KM (2001) Impaired postural stability: regaining bal-
ance. In: Techniques in musculoskeletal rehabilitation. Prentice
WE, Voight M (Eds) McGraw hill. USA, pp 125-152

2. Horak FB (1997) Clinical assessment of balance disorders. Gait
Posture 6:76-84

3. Dunsky A (2019) The effect of balance and coordination exercises
on quality of life in older adults: a mini-review. Front Aging Neu-
rosci 15(11):318. https://doi.org/10.3389/fnagi.2019.00318

4. Angm E, Can F, lyigiin G et al (2016) Does balance influence
daily living activities and quality of life in community-dwelling
older people? Physiotherapy 102:e227-228

5. Schmid AA, Van Puymbroeck M, Altenburger PA et al (2013) Bal-
ance is associated with quality of life in chronic stroke. Top Stroke
Rehabil 20(4):340-346. https://doi.org/10.1310/tsr2004-340

6. Halvarsson A, Franzén E, Stahle A (2015) Balance training with
multi-task exercises improves fall-related self-efficacy, gait, bal-
ance performance and physical function in older adults with osteo-
porosis: a randomized controlled trial. Clin Rehabil 29(4):365-
375. https://doi.org/10.1177/0269215514544983

7. Trecroci A, Cavaggioni L, Caccia R et al (2015) Jump rope train-
ing: balance and motor coordination in preadolescent soccer play-
ers. J Sports Sci Med 14(4):792-798

8. Shirota C, Jansa J, Diaz J et al (2016) On the assessment of
coordination between upper extremities: towards a common
language between rehabilitation engineers, clinicians and neuro-
scientists. J Neuroeng Rehabil 13(1):80. https://doi.org/10.1186/
$12984-016-0186-x

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Estévez-Pedraza AG, Martinez-Méndez R, Portillo-Rodriguez O
et al (2021) Device for the measurement and assessment of the
human equilibrium. Ann Biomed Eng 49(2):933-945. https://doi.
org/10.1007/s10439-020-02630-w

Kaewkaen K, Uthama S, Ruengsirarak W et al (2019) Validity and
reliability of the Wii balance board for static balance assessment
in healthy young adults. Malays J Med Sci 26(2):114-121. https://
doi.org/10.21315/mjms2019.26.2.12

Boslaugh S, Paul AW (2008) Statistics in a nutshell: A desktop
quick reference. ch. 7 Sebastopol, CA: O’Reilly Media. ISBN-13:
978-0596510497

Koo TK, Li MY (2006) A guideline of selecting and reporting
intraclass correlation coefficients for reliability research. J Chiropr
Med 15(2):155-163

Zampogna A, Mileti I, Palermo E et al (2020) Fifteen years of
wireless sensors for balance assessment in neurological disorders.
Sensors 20(11):3247

Pollock AS, Durward BR, Rowe PJ et al (2000) What is balance?
Clin Rehabil 14(4):402-406

Alonso AC, Luna NM, Dionisio FN et al (2014) Functional bal-
ance assessment: review. Med Express 1(6):298-301

Schmitz TJ, O’Sullivan SB (2014) Examination of coordination
and balance. In: O’Sullivan SB, Schmitz TJ, Fulk GD (eds) Physi-
cal rehabilitation, 6e. McGraw Hill

Xu C, Li S, Wang K et al (2017) Quantitative assessment of
paretic limb dexterity and interlimb coordination during bilateral
arm rehabilitation training. EEE Int Conf Rehabil Robot 634—
639. https://doi.org/10.1109/ICORR.2017.8009319

Shirota C, Jansa J, Diaz J et al (2016) On the assessment of
coordination between upper extremities: towards a common
language between rehabilitation engineers, clinicians and neuro-
scientists. J Neuroeng Rehabil 13(1):80. https://doi.org/10.1186/
$12984-016-0186-x

Hinman MR (2000) Factors Affecting Reliability of the Biodex
Balance System: A Summary of Four Studies. J Sport Rehabil
9(3):240-252

Wikstrom EA (2012) Validity and reliability of Nintendo Wii Fit
balance scores. J Athl Train 47(3):306-313. https://doi.org/10.
4085/1062-6050-47.3.16

Chang WD, Chang WY, Lee CL, Feng CY (2013) Validity and
reliability of Wii fit balance board for the assessment of bal-
ance of healthy young adults and the elderly. J Phys Ther Sci
25(10):1251-1253. https://doi.org/10.1589/jpts.25.1251
Cuesta-Gomez A, Sanchez-Herrera-Baeza P, Ofia-Simbaiia ED
et al (2020) Effects of virtual reality associated with serious games
for upper limb rehabilitation inpatients with multiple sclerosis:
randomized controlled trial. J Neuroeng Rehabil 17(1):90. https://
doi.org/10.1186/s12984-020-00718-x

Van Delden AL, Peper CL, Kwakkel G, Beek PJ (2012) A system-
atic review of bilateral upper limb training devices for poststroke
rehabilitation. Stroke Res Treat 2012:972069

Dobri SCD, Samdup D, Scott SH et al (2021) Differentiating
motor coordination in children with cerebral palsy and typically
developing populations through exploratory factor analysis of
robotic assessments. Annu Int Conf IEEE Eng Med Biol Soc
5936-5939. https://doi.org/10.1109/EMBC46164.2021.9630740
Deutsch JE, Brettler A, Smith C et al (2011) Nintendo Wii sports
and Wii fit game analysis, validation, and application to stroke
rehabilitation. Top Stroke Rehabil 18(6):701-719. https://doi.org/
10.1310/tsr1806-701

Lowrey CR, Jackson CP, Bagg SD et al (2014) A novel robotic
task for assessing impairments in bimanual coordination post-
stroke. Int J Phys Med Rehab 1-10

Garcia-Salazar LF, Pacheco MM, Alcantara CC et al (2022)
Lower extremity constraint-induced movement therapy increase

@ Springer


https://doi.org/10.3389/fnagi.2019.00318
https://doi.org/10.1310/tsr2004-340
https://doi.org/10.1177/0269215514544983
https://doi.org/10.1186/s12984-016-0186-x
https://doi.org/10.1186/s12984-016-0186-x
https://doi.org/10.1007/s10439-020-02630-w
https://doi.org/10.1007/s10439-020-02630-w
https://doi.org/10.21315/mjms2019.26.2.12
https://doi.org/10.21315/mjms2019.26.2.12
https://doi.org/10.1109/ICORR.2017.8009319
https://doi.org/10.1186/s12984-016-0186-x
https://doi.org/10.1186/s12984-016-0186-x
https://doi.org/10.4085/1062-6050-47.3.16
https://doi.org/10.4085/1062-6050-47.3.16
https://doi.org/10.1589/jpts.25.1251
https://doi.org/10.1186/s12984-020-00718-x
https://doi.org/10.1186/s12984-020-00718-x
https://doi.org/10.1109/EMBC46164.2021.9630740
https://doi.org/10.1310/tsr1806-701
https://doi.org/10.1310/tsr1806-701

Irish Journal of Medical Science (1971 -)

variability in the intra-limb coordination during walking in
chronic post-stroke. Ecol Psychol 34(3):109-131

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.



	A new device for assessment and training the human balance and coordination: Marmara Balance and Education System (MarBES)
	Abstract
	Background 
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Balance Tests
	Coordination assessment
	m1, m2, m3, m4: weight data detected by four different pressure sensors
	Results
	Discussion
	References


