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Ewa Bieć • Michał Kuczyński
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Abstract To evaluate the effect of early systematic soc-

cer training on postural control we measured center-

of-pressure (COP) variability, range, mean velocity and

frequency in bipedal quiet stance with eyes open (EO) and

closed (EC) in 44 boys aged 13 (25 boys who practiced

soccer for 5–6 years and 19 healthy boys who did not

practice sports). The soccer players had better stability,

particularly in the medial–lateral plane (M/L); their COP

variability and range were lower than in controls in both

EO (p \ 0.05) and EC (p \ 0.0005) condition indicating

that the athletes were less dependent on vision than non-

athletes. Improved stability of athletes was accompanied by

a decrease in COP frequency (p \ 0.001 in EO, and

p \ 0.04 in EC) which accounted for lower regulatory

activity of balance system in soccer players. The athletes

had lower COP mean velocity than controls (p \ 0.0001 in

both visual condition), with larger difference in the M/L

than A/P plane (p \ 0.00001 and p \ 0.05, respectively).

Postural behavior was more variable within the non-ath-

letes than soccer players, mainly in the EC stances

(p \ 0.005 for all COP parameters). We conclude that: (1)

soccer training described was efficient in improving the

M/L postural control in young boys; (2) athletes developed

specific postural strategies characterized by decreased COP

frequency and lower reliance on vision.
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Introduction

Investigation of postural stability in sports which require

excellent postural performance provides insight into

development of specific postural strategies (Perrin et al.

2002; Vuillerme et al 2004; Paillard et al. 2006). Several

years of training and participation in demanding competi-

tion may significantly modify the redundancy of postural

control system and lead to the discipline-oriented (Davlin

2004) optimal use of sensorimotor modalities responsible

for body balance (Rose 1997). Understanding of these

transformations is valuable in sports sciences because

postural stability is an important determinant of both sports

level (Era et al. 1996; Vuillerme et al. 2001; Noé and

Paillard 2005), and susceptibility to injuries (McGuine and

Keene 2006). It may be also inspiring for clinicians inter-

ested in designing new rehabilitation therapies.

Superior postural stability in athletes has been reported

in several individual sports disciplines (Era et al. 1996;

Golomer et al. 1999; Bringoux et al. 2000; Perrin et al.

2002; Noé and Paillard 2005) but only few studies focussed

on popular team sports, mainly on soccer. It has been

documented that soccer players have better postural sta-

bility (Bressel et al. 2007; Matsuda et al. 2008), rely less on

vision (Paillard et al. 2006) and develop different postural

strategies (Paillard et al. 2006) than untrained subjects.

These findings indicated that some components of soccer

training are favorable to postural control, however, they

addressed experienced adult athletes only while little is

known on the intermediate phases of the postural control

development, i.e., the rate of stability improvement in
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preadolescent soccer players caused by the consecutive

years of soccer training. This knowledge seems crucial in

sports by providing a baseline for comparison and in

rehabilitation by indicating how much specific effort is

required to significantly improve postural control. Ideally,

to obtain this information, a prospective study of soccer

novices is necessary.

Several authors, on the other hand attempted to assess

differences in postural control between athletes and normal

participants (Perrin et al. 2002; Chapman et al. 2008),

athletes of different level of sports expertise (Noé and

Paillard 2005; Paillard et al. 2006; Chapman et al. 2008),

and athletes from different sports (Vuillerme et al. 2001;

Perrin et al. 2002; Vuillerme and Nougier 2004; Bressel

et al. 2007; Matsuda et al. 2008) using only cross-sectional

studies. These studies produced varying results from large

to no differences between investigated groups and some

authors admitted that these results may have been due to

the different postural control in subjects at the time of their

recruitment to respective sports. However, the soccer

players were consistently better than other athletes (Bressel

et al. 2007; Matsuda et al. 2008) and their level of com-

petition had positive relationship with postural stability

(Paillard et al. 2006; Paillard and Noé 2006). More inter-

estingly, the expert soccer players developed the ability to

shift the sensorimotor dominance from vision to proprio-

ception (Paillard and Noé 2006) and built up a better

internal representation of erect posture (Paillard et al.

2007). It has been argued that these specific postural

adaptations or strategies of soccer players resulted from

their experience in changing environment where vision is

mainly used to collaborate with partner, to anticipate pass

destination, and fixate on peripheral aspects of the match,

such as the positions and movements of other players

(Williams et al. 1994; Paillard and Noé 2006; Paillard et al.

2006). Thus, differences between postural strategies in

athletes and non-athletes seem to have potential in eluci-

dating the effect of soccer training on postural control

regardless of their initial postural abilities.

The purpose of this study was to compare postural sta-

bility in young soccer players with their normally active

counterparts (non-athletes). We hypothesized that the

athletes would show: (1) better postural performance with

(2) lower intragroup variances and (3) different postural

strategies than the non-athletes.

Methods

Forty-four boys aged 13 (25 boys who practiced soccer for

5–6 years and 19 non-athletes) participated. The soccer

players with a mean height of 166.5 ± 7.5 cm, and a mean

body weight of 52.5 ± 11.6 kg have trained for 5–6 years,

2 h twice a week between 7 and 9 years of age and 2 h

three times a week from the age of 10. In order to at least

partially control the selection bias, only those soccer

players were included who reported no involvement into

other regular sports activities before their recruitment to the

soccer team. The non-athletes were healthy boys with a

mean height of 168.5 ± 5.4 cm, and a mean body weight

of 57.0 ± 8.4 kg who attended physical education classes

(45 min twice a week) and were not involved in any other

regular physical activities. These classes followed a typical

format: warm-up, skill teaching/practices, minor games,

and warm down. The study was approved by the local

bioethics committee and all subjects provided informed

consent signed by their parents. Postural stability was

assessed during two 20 s quiet stance trials, first with eyes

open (EO) and then, after a 1 min break, with eyes closed

(EC) on an AMTI (Accusway) force plate. The subjects

were instructed to stand barefoot, with the hands at their

sides and their feet parallel and 10 cm apart. A practice run

was allowed prior to the test to ensure that the subjects felt

comfortable in the laboratory area. The sampling rate was

20 Hz and sampling time 20 s resulting in 400 sampling

segments in each recorded center-of-pressure (COP) time

series in both the anterior/posterior (A/P) and medial/lat-

eral (M/L) planes. Each recording started 10 s after the

subject was ready for testing to eliminate possible tran-

sients in the COP data.

The dependent variables were sway variability (COP

standard deviation), range, mean velocity (MV = the total

COP path length divided by the sampling time), and

frequency. Sway variability and velocity are commonly

used to assess postural performance and lower values of

these parameters indicate lesser postural stability. For the

estimation of postural frequency we used a measure

(Hufschmidt et al. 1980) based on the ratio of sway mean

velocity and variability: Frequency = MV/(Variability 9

2p). Sway frequency indexes the rate of exploratory

actions of the equilibrium system accounting for the

amount of activity required to maintain stability (Olivier

et al. 2008). It is a rough measure of the number of COP

turnings (for-aft and left-right) per second. When postural

task is more challenging or a specific group of subjects is

less trained, the COP frequency increases (Carpenter et al.

1999; Kuczyński 1999; Dault et al. 2003; Meyer et al.

2004).

The data were tested for normal distribution and homo-

geneity of variances. All dependent variables were subjected

to the Within (2 Visual conditions 9 2 Planes) 9 Between

(2 Groups) ANOVA (Statistica 8.0) to evaluate hypothe-

sized main effects and possible interactions. Comparison of

postural performance and strategies between both the groups

was performed by contrast analysis. The level of signifi-

cance was set at p = 0.05.
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Results

Both investigated groups were similar as regards their

anthropometric data. Neither the body mass (p [ 0.16) nor

the body height (p [ 0.34) differentiated between the

soccer players and non-athletes.

The traditional measures of the COP dispersion displayed

main effects of Group: F(1,42) = 10.85; p = 0.002 and

F(1,42) = 11.54; p = 0.0015 for the COP variability and

range, respectively. The variability was 33% and range 40%

larger in non-athletes than in soccer players. In addition,

there was a Vision 9 Plane interaction [F(1,42) = 4.54;

p = 0.038] for range only which arose because eyes closure

differently affected the latter parameter: the range decreased

in the M/L and increased in the A/P plane. It was only the

soccer players who contributed to the decreased range with

EC displaying a similar withingroup Vision 9 Plane inter-

action [F(1,24) = 5.07; p = 0.034]. The non-athletes

showed slight increase in the COP range in both the planes as

a result of eyes closure.

The COP MV displayed main effect of Group

[F(1,42) = 23.42; p = 0.00002] indicating a 50% larger

values in non-athletes than in soccer players. There was

also a Group 9 Plane interaction [F(1,42) = 23.61;

p = 0.00002] which accounted for larger differences

between these groups in the M/L (80%) than in the A/P

(23%) plane. A Vision 9 Plane interaction for the COP

MV [F(1,42) = 17.87; p = 0.0002] showed that eyes

closure had destabilizing effect on posture in the AP plane

only.

The results of ANOVA on the COP frequency showed a

main effect of Group [F(1,42) = 4.99; p \ 0.03] and Plane

[F(1,42) = 12.42; p = 0.001] indicating lower rate of

postural corrections in soccer players. A Group 9 Plane

interaction [F(1,42) = 7.70; p \ 0.008], like in the case of

COP MV, accounted for larger differences between these

groups in the M/L (30%) than in the A/P (4%) planes.

Beside the differences between both the groups resulting

from ANOVA, we found much larger variances of several

M/L posturographic parameters in the non-athletes than in

soccer players. This included: range (p = 0.01 with EO)

and MV, range and variability with EC (p = 0.00009,

p = 0.0006, and p = 0.002, respectively). The direct

comparison of all stabilographic parameters between both

the groups in the M/L or A/P planes and with the EO or

closed is provided in Table 1.

Discussion

The purpose of this study was to compare postural per-

formance and strategies between two groups of 13-year-old

boys: soccer players with training experience between 5

and 6 years, and age-matched non-athletes. Our data pro-

vided support for three hypotheses developed: (1) postural

performance was significantly better in soccer players who

showed particularly large advantage over non-athletes in

the M/L plane; (2) the individual differences were signifi-

cantly larger in non-athletes, mainly in EC trials; (3) soccer

players exhibited different postural strategies than non-

athletes—soccer players had lower rate of postural cor-

rections which accounted for increased sensory threshold,

more feed-forward control and higher postural automaticity

than that of non-athletes.

Better postural performance of soccer players

in the M/L plane

Overall, the soccer players showed superior body balance

compared with the non-athletes in terms of much lower

Table 1 Mean (SD) of the postural stability parameters in the soccer players and controls in both planes and both visual conditions

Eyes open Eyes closed

Athletes Controls p Athletes Controls p

Medial/lateral plane

Variability (mm) 3.0 (1.4) 4.1 (2.2) 0.04 2.5 (0.9) 4.1 (1.8) 0.0003

Range (mm) 15.6 (10.2) 22.8 (17.0) 0.05 12.7 (4.8) 21.9 (10.3) 0.0003

Mean velocity (mm/s) 6.1 (2.9) 10.5 (3.2) 0.0001 5.7 (1.9) 10.9 (4.7) 0.0001

Frequency (Hz) 0.33 (0.07) 0.47 (0.10) 0.001 0.37 (0.11) 0.44 (0.12) 0.04

Anterior/posterior plane

Variability (mm) 3.2 (1.1) 3.9 (1.5) 0.07 3.4 (1.4) 4.0 (1.3) n/s

Range (mm) 15.6 (7.2) 18.5 (6.3) n/s 16.1 (5.6) 20.5 (6.9) 0.02

Mean velocity (mm/s) 6.6 (2.9) 8.0 (2.5) 0.04 7.5 (2.1) 9.4 (3.3) 0.03

Frequency (Hz) 0.34 (0.09) 0.36 (0.12) n/s 0.39 (0.14) 0.39 (0.14) n/s

The p values are significance levels of the between-group differences resulting from planned comparisons

n/s non-significant
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COP variability, range, and MV as assessed by the main

effects of Group on these two parameters. The results of

soccer players are very close to those of healthy young

adults (Kuczyński and Wieloch 2008; Olivier et al. 2008)

indicating that our 13-year soccer players had a several-

year lead over the non-athletes and that this lead may be

achieved by means of a relatively moderate training. On

the other hand, the stability of our non-athletes concurs

with the results recently reported in children aged 7–12

(Olivier et al. 2008) showing that the reported plateau in

postural development may extend until the age of 13.

Comparing both the planes, we found larger differences in

balance performance between both the groups in the M/L

plane which probably indicates that playing soccer and the

specific exercises improve M/L stability more than A/P

stability. It is also possible that postural control in children

matures faster in the A/P than in the M/L plane. This

finding implies that, when a need for stability improvement

is considered, priority be given to exercises which reinforce

the M/L stability. One of such exercises might be soccer

training as suggested by Paillard et al. (2006) who found

that the level of expertise in soccer affected the COP

spectral energy distribution in the M/L plane only and

argued that soccer predominantly requires fine postural

control in the M/L plane. Our results extended this argu-

ment from the soccer players at national and regional level

of competition to the beginners demonstrating high effec-

tiveness of low-intensity soccer training in improving the

M/L balance performance.

The mechanisms responsible for improvement

in postural performance

Was training the sole factor that led to the improved pos-

tural stability in soccer players? One may argue that soccer

candidates who were selected to this sport based on some

motor performance criteria might have had better baseline

postural stability than the non-athletes. However, the sig-

nificance of this potentially confounding factor is arguable

in view of the weak relationships between different motor

abilities (Schmidt and Lee 1999) and reported plateau in

postural stability between 7 and 12 years of age (Olivier

et al. 2008). Still, alternative explanations of the excep-

tional balance performance in our young soccer players

should be considered, e.g., gravitating toward specific

sports (Matsuda et al. 2008; Chapman et al. 2008) and

facilitated learning (Perrin et al. 2002).

Although in view of the above discussion attributing this

fine control to systematic soccer-oriented physical activi-

ties seems plausible, the most relevant and pragmatic goal

of this study is to identify possible neurophysiologic

changes or sensorimotor modalities which might have

emerged as a result of these activities. In other words, it is

important to realize why soccer training improved postural

stability and what does it tell us. Our data indicated that

better postural control in soccer players was accompanied

with significantly lower values of their sway frequency

when compared to non-athletes in the ML plane. Sway

frequency which indexes the rate of postural corrections is

a good indicator of postural strategies development due to

maturation and/or training. There are several lines of evi-

dence to support this claim. First, very young children have

been shown to use higher rate of postural corrections

(Riach and Hayes 1987) which may be accounted for by

the predominance of feedback responses (Haas et al. 1989).

The effective feedforward postural adjustments turn up

later (Haas et al. 1989) and partially replace this reactive

strategy which results in a decrease of the COP frequency.

Due to the specific training, which requires hundreds of

alternating short activities constantly challenging balance

in every training session, the soccer players may have

acquired this ability much earlier than the controls. Second,

experience in dynamic standing tasks improves postural

stability by increasing the safety margins (Patton et al.

2000). Increased safety margins open the way to higher

sensory thresholds allowing for smoother sway excursions

that should result in slowing down the rate of postural

corrections. Third, learning of new postural activity leads

to better performance which usually results from an

increased automaticity level. Increased automaticity is

associated with higher robustness of postural system to

shifts of attention and with the overall lower demand for

attentional resources (Logan 1988; Milton et al. 2004).

Thus, the decreased COP frequency in soccer players may

be accounted for by eliminating some ‘‘noise’’ (Olivier

et al. 2008) which was introduced by redundant motor units

involved in postural regulation at the early stage of motor

learning. The specific training of our soccer players seemed

to benefit from some of these processes leading to higher

sensory thresholds, more feedforward control, decreased

dependence on attention and increased level of automa-

ticity. Overall, this resulted in significant improvement of

postural performance with additional benefit of lesser

engagement of central control.

Withingroup variability of the COP measures

Our results revealed significant differences between both

the groups regarding their withingroup variability of all

COP measures. The much less variability in the soccer

players may have reflected a ceiling effect in that the

13-year-olds have reached some optimal level of postural

control or that their training has lost its ability to improve

further balance. An alternative explanation is that these

soccer players who had the worst balance at the time they

started the soccer career benefited most from training.
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Regardless the practical implications, each of the latter

explanations is speculative and requires a follow-up study.

The large variability in the non-athletes was not surprising

due to the different rate of postural maturation (Riach and

Hayes 1987; Nolan et al. 2005). However, these large

individual differences in postural stability in children and

adolescents may confound the researchers in drawing

conclusions from stabilographic studies. For instance,

Peterson et al. (2006) after investigating 154 children aged

6–12 concluded that age alone accounted for only 16% of

the total postural stability variance, with height, weight,

BMI and gender adding another 4% contribution. The latter

authors asked a question: what factors comprise the

remaining 80%? Searching for an answer to this question is

one of the fundamental goals of researchers specializing in

child development. We believe that our study provides

indirect evidence that a fair part of these 80% comes from

physical activity.

In view of the results of this study, which showed that

systematic soccer training of low intensity improved pos-

tural performance and strategies, and decreased intra-sub-

ject differences in all stability parameters, we are tempted

to propose that such training was the main agent contrib-

uting to accelerated maturation of postural control system

in our young soccer players. Indeed, if training was not

responsible for the substantial improvement in postural

control, then the 13-year-old soccer players should have

even larger intra-subject differences than non-athletes

because the former group would include some players with

outstanding postural abilities. It is possible that there are

several other factors related to physical activity (e.g., its

type, intensity, frequency, and timing) which may signifi-

cantly modify and optimize the postural control system in

young persons long before their biological maturation.

Thus, further investigation of specific relationships

between these factors and development of postural stability

in children is warranted as it may open new perspectives in

physiotherapy and in sports requiring special balance

abilities.
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