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Abstract: The aim of this study was to introduce a new activity-based balance index by using an
accelerometer data. Twenty-seven junior soccer players of Iranian premier league were selected.
Four functional tests consisting one leg stance, dynamic Y balance, running and dribbling tests
were conducted to assess the players’ balance, activity and skill. During these four tests, besides
their relative scores, the acceleration of body center was also recorded. Activity-based balance
index (ABI) was calculated using these acceleration data. The Results showed positive correlation
between ABI and both static and dynamic balance scores. Also, negative correlation was found
between ABI and dribbling scores, which demonstrate the agility required for this skill. It seems
that this new index achieves to evaluate both the balance and the skill level of soccer players.
Perhaps this is a new way of talent identification and also a re-develop of balance tests from
traditional into modern.
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1. Introduction

The balance of an object is defined by the summation of all forces and torques applied to the
object become zero [1]. In standing position, this definition can be considered as lesser displacement
of the center of pressure around the balance point. Similarly, in walking, the oscillations of the center
of pressure around the foot axis can be referenced as an indicator of balance. Researchers defined the
balance as the ability to maintain center of gravity in the center of pressure zone between two legs
[2]. Stability is also defined as resistance to balance changes [3]. It seems that measuring this
oscillation during an activity could be result in a better functional assessment of balance.

There are many methods of measuring and evaluation of the balance and stability used by
researchers in laboratory and field conditions. Several tests such as berg balance, functional reach,
up and go, Y and star dynamic balance tests are often used [4-5]. Recently, advanced laboratory
equipment is also used to assess the balance quantitatively and precisely. One of these advanced
equipment is force plate. The high cost of force plates and their complicated mounting requirements
in specific spaces, limit their applicability in many situations. Fortunately, there are another
state-of-the-art techniques and devices could be used in different conditions. One of them is
accelerometer. By using the accelerometer data accurately, it is possible to assess balance not only in
the laboratory, but also in many sport skills. Also, it has a reasonable price, it is non-invasive device,
and it is easy to use. Researchers compared the results of two different posture stability
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measurement methods, the force plate and the accelerometer. They reported that there was no
difference between these two methods and both devices showed similar results in this regard [3].

Soccer players do various activities such as running forward and backwards with different
speeds, head butting, turning around, tackling and throwing. Therefore, there is a lot of situations
which can cause different injuries among players. This is especially true for none professional
athletes which increases the likelihood of injuries such as ankle sprain and rupture of anterior
cruciate ligament and meniscus [6]. One of the important reasons for such injuries is the lack of
postural control among soccer players [7]. Therefore, evaluation the balance of a player while
performing a skill, will be a great help to coach and athletes to improve their performance as well as
predicting and preventing sports injuries. This study introduces a new index for evaluating the
balance during activity using accelerometer. Also, investigates how well this index can assess the
balance in static, dynamic, and during the performance of soccer skills.

2. Materials and Methods

To calculate and also to evaluate a new index for balance assessment in different conditions
including static standing, during activity, and during skill performance, four different tests were
administered on a total of 27 junior soccer players. The participants were the players of U-14 and
U-15 teams of Sepahan Football Club whom participated in Iranian Premier League. The mean of
their age is 14.5 years, height is 172.2 cm, mass is 58.0 kg and their average professional experiences
is 4.5 years.

The tests included static balance performed on Footscan, Y dynamic balance, running on
Footscan as well as dribbling. During all these four tests, the acceleration of the center of the body
was recorded using an accelerometer which its sampling rate was set on frequency of 1600 Hz. This
triaxial accelerometer has a range of +16g and 13-bit resolution. It has mounted on lumbar region via
a waist belt. In two static balance and running tests, the center of pressure (COP) positions in
mediolateral and anteroposterior directions were measured. Besides, the test score of the Y dynamic
balance, as the normalized average reach in three directions of anterior, posterior medial and
posterior lateral was computed. Finally, the time of completing the dribbling test was measured.

2.1. Balance evaluation in four selected tests

In static balance test, the player was required to stand on his toes for 10 seconds on Footscan,
then his COP positions were measured and recorded. In Y dynamic balance test, the main goal was
to maintain single-leg balance. The players were asked to reach as far as possible with the
contralateral leg in three different directions including anterior, posteromedial and posterolateral.
This was performed on each leg. The maximum distances of players’ reach were measured and
normalized by the height. In running test the participant was required to run 10 meters while he was
asked to put his dominant foot on Footscan that was approximately laid at the middle of the 10
meters route. The COP of his landing foot in mediolateral and anteroposterior directions were
measured. Finally, in dribbling skill test, the player was standing at 9 m from the first cone. By the
start command, he was required to run with the ball through the cones in a zigzag route. Then, after
finishing the route, he was required to return back to the starting point. The time of completing the
test was measured. A total of two seconds was added to the measured time of the player in case of
any fouls he committed during the test.

2.2. Calculating the balance index

At stated before, the oscillation of COP is an accepted concept for defining the balance, and
because this oscillation could be intuitively and objectively understood, we defined a new
activity-based balance index. Oscillations of movement-related parameters over their optimal values
were quantitatively calculated. The movement-related parameters could be consisted of each object
position or its first and second derivations known as velocity and acceleration. For computing the
activity-based balance index, these movement-related signals must be measured or calculated first.
Two terms, A(t) stands for the activity signal and I(t) stands for the Index signal were considered.
The Index and activity signals were extracted by low pass filter of main measured signal with
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respectively low and high cut-off frequencies. Choosing the frequency values depend on the activity
or skill type. These two low and high frequencies called activity and index frequencies in this study
and they were showed as FA and FI respectively. Based on this definition, the activity-based balance
index could be quantified by developing the following equation:

— 1 tf 1 2
ABI = L 0] () —AM]? dt 1)

The difference of I(t) and A(t) in each time interval was first normalized and considered as a
sub-index. The average value of all sub-indices during the complete time of the activity was defined
as activity-based balance index stated as the percentage of index signal. Therefore, the zero value of
the index implies that these two signals have no difference. In other words, the activity or
performance is interpreted as desired or perfect. However, the index value of activity could vary
from zero to any large number.

2.3. Data Analysis

As stated before, the assessment signal could be any of movement-related variables like
acceleration, velocity and position. In this study, all of these variables were considered but only
acceleration and positions are reported. The acceleration data were recorded by a sensor (Figure 1.)
and integrated mathematically to calculated velocity and position.
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Figure 1. Acceleration of body center in Mediolateral (M-L) and Anteroposterior (A-P) directions during four
selected skills.

The raw data of these signals were processed with many combinations of activity and index
frequencies to calculate the corresponding activity-based index according to Equation 1. The
effectiveness of these calculated indices in different four selected tests were assessed by computing
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the correlation coefficient of these indices with COP, score and time of each four tests respectively.
Several combinations of activity and index frequencies were considered to achieve a better correlation
coefficient for all four experimental tests.

3. Results

The results of four selected experimental tests are shown in Table 1. The average and standard
deviation of dribbling time, COP movement in antro-posterior and medio-lateral directions during
both static balance and running tests, and the score of Y balance test are shown in this table.

Table 1. Results of four activity and skill tests

Parameters Measurement Unit Mean (SD)
Dribbling time Second 12.7 (1.0)
Static Balance

COP Movement in AP Direction Millimeter 117.0 (66.2)
COP Movement in ML Direction Millimeter 78.2 (75.4)
Total COP Movement Millimeter 1041.8 (501.2)
Y Balance
Anterior Direction Score % of Height 51.9 (7.4)
Posterior Lateral Direction Score % of Height 63.2 (5.5)
Posterior Medial Direction Score % of Height 61.3 (6.2)
Overall Score % of Height 58.8 (5.5)
Running
ML COP Movement for Right Support Foot Millimeter 31.2(9.4)
AP COP Movement for Right Support Foot Millimeter 224.3 (52.6)
ML COP Movement for Left Support Foot Millimeter 36.7 (11.3)
AP COP Movement for Left Support Foot Millimeter 233.2 (56.8)

During each test, at the same time, the acceleration of body center was also measured and the
indices were calculated. To demonstrate the effect of choosing different values of FI and FA on
numerical value of calculated movement-related indices, the values of indices for different
frequencies are shown in Table 2. In first three columns, the effect of increasing index frequency and
in the second three columns, the effect of increasing the activity frequency could be seen.

Table 2. Mean of acceleration, and position indices during static balance test according to different
combinations of activity and index frequencies

Activity Frequency (Hz) 5 5 5 2 7 10
Index Frequency (Hz) 100 500 1000 500 500 500
Acceleration Index
AP Direction 154.9 158.2 158.6 214.4 124.2 84.6
ML Direction 168.6 172.3 172.7 219.1 150.6 118.3
Position Index
AP Direction 0.40 041 0.41 1.4 0.23 0.11
ML Direction 0.38 0.39 0.39 1.3 0.22 0.12

AP: Anteroposterior; ML: Medio-lateral

As a key test to evaluate the efficacy of introduced indices for balance assessments, the
correlation coefficient of COP movements during static balance test with indices calculated from
acceleration and position signals were computed. The significant correlation of COP and each
calculated indices showed that using the accelerometer leading to the same results as COP variations
measured by footscan or forceplate devices. These correlation coefficients are shown in Table 3.
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Table 3. The correlation coefficients and their significance between indices and COP movements during static
balance test using different activity and index frequencies

COP Movement Range in Different Directions

AP ML Total AP ML Total AP ML Total

FA & FI FA, FI = (2, 500) FA, FI = (5, 500) FA, FI1=(10, 500)

Acc. Index

AP Direction 0.547**  0.655** 0.556** 0.507** 0.616** 0.536** 0.591** 0.450* 0.648**
ML Direction 0.478* 0.609** 0.537** 0.533** 0.531** 0.670** 0.319 0.447*  0.491**
Position Index

AP Direction 0.386*  0.658** 0.459* 0.470* 0.720** 0.547** 0.532** 0.702** (0.583**
ML Direction 0.463* 0.500** 0.504** 0.525** 0.379 0.566** 0.484* 0.401* 0.579**

*: p value <0.05; **: p value <0.01

The main purpose of this research was to introduce an activity-based index which is capable to
show both the balance of body during activity and also its possible relationship with performance.
Therefore, it is essential to calculate the correlation coefficient of these indices with each activity tests
or skills. Table 3 is an example in this regard. Since there are many different choices for
movement-related indices and their corresponding frequencies, only some selective results are
shown in Table 4. Significant correlation coefficients showed the appropriateness of selected index
and its frequency combination.

Table 4. The values of correlation coefficients and their significance between selected indices and the results of
their corresponding activity tests and skills

Selected Indices Correlation coefficient
Y Balance

ABI and Y Balance Score in AP Direction at frequencies FA, FI= (1, 500) 0.601**

ABI and Total Score of Y Balance at frequencies FA, FI= (1, 500) 0.473*

Running

ABI and ML COP Movement at frequencies FA, FI = (2, 500) 0.513**

ABI and ML COP Movement at frequencies FA, FI = (1, 500) 0.458*

Dribbling

ABI and Dribbling time at frequencies FA, FI= (1, 200) -0.453*

ABI and Dribbling at frequencies FA, FI = (1, 500) -0.410*

*: p value <0.05; **: p value <0.01

4. Discussion

Balance is completely unique phenomenon according to each specific sport performance or
activity. For example taekwondo or karate require specific balance abilities which differ from those
of wrestling, gymnastics, or group sports such as handball, volleyball, and soccer. Due to the
diversity of sports, traditional static and dynamic balance tests are not appropriate for all athletes.
Therefore the activity-base balance definition seems more logical.

In general, the results showed a positive and significant correlation of acceleration and position
index with COP excursion during static balance test at different movement frequencies (Table 3). In
addition, the results of the correlation coefficient of ABI with Y dynamic balance and running scores
showed a positive and significant correlation (Table 4). These results indicate that in those activities
that intuitively the balance ability directly affect the scores, there is also a direct relation between test
score and the introduced index. It means that the ABI satisfies this intuitive sense.

It was interesting to note that there was a negative and significant correlation between the score
of the balance index and the dribbling time. In other words, the results indicate that as the dribbling
time is shorter, i.e. the player's performance is better, the score is higher. Therefore, as the
fluctuations in position, acceleration and speed become higher, the performance becomes better.
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4. Conclusions

It seems that the traditional view of balance can be improved by using modern, low-cost
technologies and also by introducing new and appropriate quantitative indices. This could be
helpful to many sport discipline and any particular skills. Perhaps this is a new way of talent
identification and also a guide to re-develop exercises from traditional into modern.
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