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ABSTRACT

Backgrounds: Balance performance and postural priority are important components of motor skill development.
No published reports have investigated the differences in static balance abilities and postural priority among
professional soccer players according to field position.

Research question: We hypothesized that static balance as well as dynamic postural priority is influenced by
playing position in professional soccer players.

Methods: The study covered a group of 101 elite professional soccer players who were divided into six subgroups
according to playing positions: goalkeepers (G) (n = 10), central defenders (CD) (n = 15), external defenders
(ED) (n = 15), central midfielders (CM) (n = 23), external midfielders (EM) (n = 15) and forwards (F) (n = 23).
All participants completed the Delos Postural System Test using the standard protocol. The tests were performed
unilaterally on non-dominant (NL) and dominant leg (DL) under static conditions (with open and closed eyes)
standing on a stable platform and under dynamic conditions on an unstable base.

Results: In the static test with open eyes (ST OE) there were no statistically significant differences between the
legs and positions. In the static test with closed eyes (ST CE), the differences are statistically significant only
between positions. Players on the CM position have significantly higher differences than G. In the dynamic
postural priority test (DPPT) there is a difference between positions and legs. In fact, the statistically higher
differentiation refers to players in the CM position relative to ED, CD, EM and F. We noticed a significantly
greater difference in the NL compared to the DL.

Significance: Static balance performance and postural priority varied with playing position in elite soccer
players. Midfield players have better postural priority than players in other positions. Professional soccer players
present greater balance postural priority on the non-dominant leg.

1. Introduction

[6], jumping [7], running distance [8] or isokinetic strength [9,10]. It
was also attempted to determine the anthropometric characteristics of

Soccer is the world’s most popular sport and many studies have
attempted to define the characteristics of successful soccer players
[1,2]. Within a match, players are required to tackle, kick, jump,
dribble, and head balls in intermittent actions, usually with a change of
activity every 4-6s [3]. It has been suggested that soccer game activ-
ities may be directly related to the player’s position on the field [4].
Athletes may develop certain physical characteristics based on the de-
mands of their specific positions [5]. So far, researchers have con-
centrated on the relationship of the player's position on the field with
physical fitness in the area such as: aerobic and anaerobic performance

soccer players depending on their position on the field [6,7]. We have
not found any studies in the literature examining static balance per-
formance and dynamic postural priority according to playing positions
in soccer. Precise measurement of body balance and postural strategy
can indicate an appropriate player profile in a position and conse-
quently implement appropriate training programs.

Recently, researchers have identified balance ability in sport as an
important aspect of performance [10,11]. These studies focused pri-
marily on the search for a balance between the sport level [12], the
assessment of balance between different disciplines [13] and the impact
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of balance control on injuries in sport [14]. The last few years have
shown increasing numbers of balance studies with soccer players, in-
dicating that better postural control can help to improve not only
performance, but also technical skills in soccer [15]. Balance inter-
ventions with athletes have improved measures of athletic performance
including agility and vertical jump height [16]. This may suggests that
improved balance, or underlying postural control, may elicit an im-
proved rate of force development in the muscles [17]. Moreover, re-
searchers have proposed that improved balance could decrease the
amount of musculature involved in stabilization, allowing more mus-
cles to contribute to force production in a given movement [18]. During
a soccer game, players often perform different actions, many of which
are unilateral, such as kicks, passes and movements to change the
running direction, in order to achieve greater success in carrying out
these actions. Most soccer players prefer to use the DL (dominant leg)
for kicking the ball to be more accurate and the NL (non-dominant leg)
to support body weight. Many drills (shooting, passing, and stopping)
are executed in a few seconds whilst standing on the non-dominant leg.
Other researchers have also demonstrated better unilateral balance in
soccer players when compared to untrained subjects, basketball players,
and swimmers [19]. Hence, the stability of the supporting foot turns out
to be critical to shoot as accurately as possible. Some results suggest
that the position or function performer in the field can also promote
asymmetries in muscle function between lower limbs, which could
impair performance during game actions [20]. Therefore, soccer
players’ postural control should be evaluated in unipedal stance to re-
spect the specific conditions of soccer.

Numerous studies have analyzed various motor control and or-
ientation in space strategies by examining the coordination of the
movement of the eyes, head, body, and limbs during a locomotor task
[21]. Romero-Franco et al. [22] studied the effect of a proprioceptive
training program on center of gravity control in sprinters and stated
that improvement in balance was reported when exercises were per-
formed with eyes opened. This dependency on vision has been docu-
mented in other sports such as rugby players and high jumpers [21].
Despite the existence of certain discrepancies as to whether high-level
athletes demonstrate different postural control strategies (eyes open or
closed and single- or double-leg stance) compared with others com-
peting in different sports, it has been reported that static balance (on
stable base) or dynamic postural priority (on unstable base) with eyes
opened and closed, is of utmost importance for optimizing and devel-
oping the athlete’s fundamental motor skills in soccer [23].

Taking into account the current results of the research, the purpose
of our study was to provide insight into the static balance profile and
dynamic postural priority of a large group of elite soccer players and to
identify differences among the different playing positions. We hy-
pothesized that this profile would show significant differences among
the positional roles of the players.

2. Methods
2.1. Participants

The study covered a group of 101 elite professional soccer players of
Polish Ekstraklasa (the top division in Poland). The participants had at
least three years of experience playing soccer at a professional level
with regular training on a given position. The players were divided into
six subgroups, according to playing positions: goalkeepers (G) (n = 10),
central defenders (CD) (n = 15), external defenders (ED) (n = 15),
central midfielders (CM) (n = 23), external midfielders (EM) (n = 15)
and forwards (F) (n = 23). The analysis was conducted on values col-
lected only from players who played at least 50% of official club mat-
ches in the season preceding the study. Foot dominance was determined
using a self-report measure and in addition to a kicking-ball test. The
study excluded players who had a history of cerebral concussion, ves-
tibular disorders, injury to either ankle, lower extremity injuries for 3
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months before testing, ear infection, upper respiratory infection, or
head cold at the time of the study. All participants were verbally in-
formed of the purpose, procedures, and risks associated with the study,
their freedom to withdraw at any time without prejudice and if they
agreed, they signed the consent form. The study was carried out ac-
cording to the Declaration of Helsinki and the ethical approval for the
study was granted by the Bioethical Committee at the Poznafi
University of Medical Sciences (629/13).

2.2. Instrumentation

The tests were performed in the Biomechanical Assessment
Laboratory at Rehasport Clinic in Poznan. The laboratory is certified by
FIFA, as a Medical Centre of Excellence. The results were collected from
2011 to 2015. Each player was tested once in the same stage of the
season (before the start of the Polish Ekstraklasa competition in the
summer, i.e. July/August) by the same research team and under the
same research conditions. All tests were carried out in the same order
for each player and took place between 10 a.m. and 12 p.m. All tests
were performed in ambient temperate conditions (= 21 °C and 30%
relative humidity) and were kept constant across testing sessions. For
two days before the tests, the players were not subjected to intensive
training. Before every test, the participants completed questionnaires in
which they assessed whether they experienced any musculoskeletal
pain or any discomfort, in particular within the legs. In order to es-
tablish postural stability, a static test (ST) and dynamic postural priority
test (DPPT) were performed using the Delos Postural Proprioceptive
System (DPPS, Turin, Italy), which is composed of the electronic pos-
tural reader Delos Vertical Controler (DVC), Delos Postural Assistant
(DPA), Delos Equilibrium Board (DEB), and the Postural System
Manager (PSM) (a computer and software for visualization and analysis
of DVC and DEB data) [14]. Immediately prior to the test, participants
performed a 10 min warm-up session on a Monark 874 E ergometer
(Sweden) without a load and with a pedalling speed of 50-60 rpm.
First, the ST with OE and CE was performed, followed by the DPPT.
Participants, barefooted, were unfamiliar with DPPS and asked to
minimize amplitude of the postural cone. The subject was looking at a
display that showed the countdown before each trial, the eye condition
requested, and which foot was to be used as support. No feedback on
postural stability was given during the tests. The better of two attempts
of each participant was taken into consideration [24].

2.3. Procedures

The ST includes six trials: two with the EO and four with the EC,
each lasting 20s. A player was asked to stand with bare
feet alternatively on the left and right foot with a 15 second break
between each trial. The non-supporting leg was relaxed and did not
touch the tested leg or the surface. The hands were hanging loosely
alongside the body to enable holding the DPA and returned to the
starting position when the sway was too big and could cause a fall. The
accelerometer showed information about the body sway from the x-y
axis to 0.1 °, and the software, with the help of the DPA, calculated the
time of support and frequency with which the participant had to use it
in order to maintain a stable posture [14,24]. None of the subjects
needed to use the support of the sensor bar.

In the DPPT an unstable platform designed to permit only lateral
movements was also used. First, the tested person performed four trials,
two on each leg, alternating with hands alongside the body. The fol-
lowing four repetitions required the subject’s arms to be held behind his
or her back to minimize the attempts to maintain stability using the
upper limbs. Each trial was 30 s long with 20 s breaks after each trial.
The break between series was 60 s long. The so-called Postural Priority
index was calculated, which is the quotient of the mean inclination of
the DEB platform from the horizontal plane (in degrees) and the pos-
tural instability calculated as the average of the absolute shifting
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around the resultant average axis (also in degrees, measured using an
accelerometer in sternal position) [24]. None of the subjects needed to
use the support of the sensor bar.

2.4. Statistical analysis

All statistical analyses were conducted using STATISTICA 10.0 for
Windows Version (SPSS Inc., Chicago, IL, USA). All results are reported
as means and standard deviations (mean * SD) calculated by con-
ventional procedures, unless otherwise stated. The normality of the
variables was tested with the Shapiro-Wilk Test, and the coefficients of
asymmetry and kurtosis were found. For all balance variables (ST with
OE and CE, DPPT) differences between legs (DL and NL) were tested
using the T-test, if the normality condition was not met, the differences
were tested with the non-parametric U Mann-Whitney test.

For all balance variables (ST with OE and CE, DPPT) and variables
of physical characteristics (body weight, body mass and age) differ-
ences between positions on the field (G, CM, ED, EM and F) were tested
using one-way analysis of variance (ANOVA). Duncan post-hoc proce-
dures were used to identify specific differences. For variables for which
there was a statistically significant difference between legs and posi-
tions, a multivariate analysis of variance 2 X 6 was performed (leg x
position). To describe differences related to balance, effect sizes were
calculated as the difference between means divided by the pooled
standard deviation. Using Cohen’s (1988) criteria, an effect size = 0.20
and < 0.50 was considered small, = 0.50 and < 0.80 medium, and >
0.80 large. Statistical significance was set at an alpha of 0.05 for all
statistical procedures [25].

3. Results

The physical characteristics of the players demonstrate significant
differences in their height (F = 13.50, p < 0.0001) and weight
(F = 13.18, p < 0.0001) according to their playing positions. In con-
trast, age did not significantly differ between groups (F = 0.53,
p = 0.7512) (Table 1). G are significantly heavier and higher than
players in all other positions (in all cases p < 0.0001, except for CD
p < 0.001). CD are significantly heavier than EM (p < 0.0001), ED
(p < 0.001), CM (p < 0.05) and F (p < 0.05). On the other hand, F are
significantly heavier than EM (p < 0.05) and ED (p < 0.05). In turn,
CM are heavier than EM (p < 0.05). Generally, EM and ED have less
weight and body height statistically than competitors in other positions,
and G are characterized by a significantly higher statistically high body
weight and height in relation to the athletes in other positions.

In ST, the differences between the legs occur only with the CE (Z = -
1.97, p = 0.0484). Results indicate a better ST in NL (Fig. 1A). In DPPT,
there are differences between legs demonstrating better results for NL
(t = 1.89, p = 0.0469) (Fig. 1B). In ST CE, the differences in statistical
significance occur between the G vs. ED (p = 0.0139) and G vs. CM
(p = 0.0021) positions (Fig. 2A). In DPPT test, there are also differences
between the positions of CM vs. ED (p = 0.0028), CD (p = 0.0025), G
(p = 0.0066), F (p = 0.0001), EM (p < 0.0001) (Fig. 2B). Large effect
sizes could be observed between positions in DPPT for CM vs. CD
(d =0.83),CMvs. F(d = 1.03) and CM vs. ED (d = 0.95); moderate for
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CM vs. ED (d = 0.66) and CM vs. CD (d = 0.68); and small in DPPT for
legs (d = 0.26), G vs. ED (d = 0.27), G vs. CM (d = 0.36) and between
legs at the CE (d = 0.26).

In the ST CE and DPPT, the differences are statistically significant
between positions and leg. In ST CE, players on the CM position have
significantly higher differences than G. The direction of differentiation
was in favor of the players from the middle of the field. There was a
trend to significance of differences between the legs. In DPPT, statistical
higher differentiation refers to the players in the CM position relative to
ED, CD, EM and F. Also in this case the direction of differentiation was
in favor of the players from the middle of the playing field. We noticed a
significantly greater difference in the non-dominant leg (NL) compared
to the dominant leg (DL) (Table 2).

4. Discussion

The primary aim of this study was to compare balance profiles in
elite soccer players across different field positions taking into con-
sideration the influences of the leg. The principal finding of the present
study was that static balance performance and dynamic postural
priority varies significantly between players in different playing posi-
tions. In terms of the ST CE, players on the CM position have sig-
nificantly higher differences than G. In relation to DPPT there is a
difference in favor of players playing in CM position relative to ED, CD,
EM and F. In the same test we noticed significantly greater difference in
NL compared to DL (Table 2).

The characteristics of soccer players have been previously in-
vestigated, and little or no differences have been found in height and
body mass across field positions [5]. In turn, Reilly et al. [26] found
that relative heterogeneity in body size is a characteristic of elite soccer
teams, so anthropometric differences were therefore expected between
playing positions. The most common differences in terms of height and
body mass relate to players in the G and CD positions. These players are
characterized by higher values of these parameters, which may be due
to the need to reach for the ball at the highest possible point, or to
achieve a physical advantage in a direct fight with the opponent [7].
Our results are in agreement with this. In addition, our results are in
agreement with ED and EM being lighter and shorter than other posi-
tions. This may be related to the longer distances run by players which
play in side sections of the field and are required to be able to move as
fast as possible with or without the ball. Players in central positions,
both in defense and in midfield (CD and CM), might be heavier because
they perform more defending activities and do not run as much as ED
and EM. Also, the height difference between ED, EM and CD, CM may
indicate that it is not necessary to be tall to play this position, since the
main role of ED and EM is to assist forward players with passes and
crosses, but not necessarily to participate in aerial balls. Anthropo-
metric differences in various positions are confirmed in the study of
Bloomfield et al. [27] when comparing elite soccer players from four
European leagues, found differences between the age, height, body
mass and BMI of players in different positions.

In their study, Ricotti et al. [11] indicate balance performance as
one of the basic factors which permit to identify and discriminate top-
level soccer players. Our results indicate that players at the top sporting

Table 1
Physical characteristics and ethnicity of the subjects (mean values = SD).
G ED F EM CcD CcM
(n=10) (n=15) (n =23) (n=15) (n=15) (n =23)
Body mass [kg] 89.80% + 6.14 73.73 = 6.69 77.91¢ = 5.92 72.67 + 5.54 82.00° + 5.53 76.984 + 6.04
Body height [cm] 191.20% + 4.42 179.73 + 4.51 183.44%## + 4,98 177.27 + 4.73 187.00%# + 5.39 181.13%### + 517
Age [years] 24.37 = 4.53 24.39 + 4.74 25.50 £ 5.92 23.63 + 4.39 23.94 £ 4.71 25.77 £ 5.24

Note: ¥G > CD? F°, CM¢, ED¢, EMS; *#CD > F?, CM*P, EDP, EMS; *##F > ED?, EM™¢; *#*##CM > EM® (if statistically significant values are at the same level, the
first letter refers to the body height and the second to the body mass)Significantly higher value of the body height and mass across playing position: P < 0.05%,

P < 0.001° P < 0.0001°.
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Fig. 1. Mean values for: (A) ST with OE and CE by legs (dominant, non-dominant); (B) DPPT by legs (dominant, non-dominant).

level show differences in static balance performance and represent
different dynamic postural priority depending on their playing position.
Midfielders need to be able to change direction more appropriately and
accelerate with changes in direction. The specific characteristics in re-
sponse to these specific demands of the midfielder position appear to be

present in the physical profile of these players [6]. Due to the unique
character of actions in the field, players in the CM positions cover the
longest distance on average and thus are characterized by the highest
physical fitness. Whereas, the results of studies performed by Bangsbo
et al. [1] and Mohr et al. [3] indicate that players with better aerobic
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Fig. 2. Mean values for: (A) ST with OE and CE by playing positions; (B) DPPT by playing positions (G, CD, ED, CM, EM, F).
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Table 2
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Characteristics of the static test with opened and closed eyes and dynamic postural priority test on dominant and non-dominant leg across playing position

(mean * SD).

Variables Leg G'(n = 10) ED(n = 15) F(n = 23) EM(n = 15) CD(n = 15) CM"(n = 23)
ST OE [degrees] Dominant 1.14 = 0.62 1.23 £0.75 1.42 £ 0.71 1.51 £ 0.74 1.17 £ 0.67 1.16 +£ 0.43
Non-dominant 1.65 * 1.35 1.10 + 0.34 1.27 *+ 0.44 1.45 + 0.60 1.19 * 0.69 1.06 + 0.34
ST CE [degrees] Dominant® 4.04 = 2.18 2.43 £1.21 292 +1.25 3.13+1.97 3.41 £ 2.04 228 £1.15
Non-dominant 3.02 +1.76 2.41 = 1.46 2.67 = 1.68 2.62 +1.23 2.41 = 1.62 2.20 = 1.31
DPPT [%] Dominant 48.79 £ 7.51 48.97 £ 12.44 45.94 +10.84 43.83 £12.90 47.75 £ 12.78 57.70 £12.92
Non-dominant” 51.58 * 7.95 51.97 = 13.98 47.64 = 10.90 49.65 = 12.92 53.04 *+ 11.60 60.21 = 12.70

 is significantly lower than CM (p = 0.0226) for variable ST CE.

" is significantly higher than ED (p = 0.0302), CD (p = 0.0279), EM (p = 0
¢ there is a trend to statistical significance higher than Non-dominant leg.

4 is significantly higher than Dominant leg (p = 0.0479).

capacity have a better tolerance and resistance to increasing fatigue and
recover faster during and after the game. Moreover, a player reaches
the psychomotor fatigue threshold at higher effort intensities, which
allows them to play for longer in the psychomotor comfort zone [28].
As static balance performance is closely related to the fatigue threshold
[29], these data may explain to a large extent the differences in CM
compared to players in other positions.

Soccer requires a unipedal posture to perform different technical
movements (e.g., shooting and passing), and this ability is more im-
portant than in other sports [19]. Brito et al. [30] indicate that athletes
presented better unilateral stance in the non-dominant lower limb than
in the contralateral limb. The study of Ricotti [11] shows an asymmetry
depending on the sports level represented. Other researchers have
found no significant difference between balance ability in opposing legs
[20]. Our study clearly shows an asymmetry in favor of the NL com-
pared to the DL in all positions, but only in DPPT. This is most probably
due to the fact that soccer activity is characterized by intense, explosive
movements, many of which are executed from a single leg on a slippery
surface- which is grass- suggesting that the stability of the stance foot
(NL) in the execution of successful football related movement is crucial
[12,31].

The greatest value of our study for coaches is information about the
effect of soccer training on the paramaters of quality of balance in static
conditions and adequacy of postural priority. The knowledge of sym-
metries between the dominant and non-dominant leg is equally im-
portant. This makes it possible to implement individualized and optimal
training programs for each player.
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