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pressure (COP) time series acquired during the experimental
tests, we measured sway area, COP path length, and COP
maximum displacement and velocity in the anteroposterior and
mediolateral directions.
Results:
Fatigue increased all sway values in bipedal
stance and all values except COP velocity in the mediolateral
direction in unipedal stance. Fatigue index (calculated on the
basis of RSA performance) was positively correlated with
fatigue/rest sway ratio for COP path length and COP velocity
in the anteroposterior and mediolateral directions for nondominant single-legged stance.
Conclusions: Fatigued players exhibited reduced performance of the postural-control system. Participants with better
performance in the RSA test appeared less affected by balance
impairment, especially in single-legged stance.
Key Words: postural sway, repeated sprint ability test,
athletes

Key Points



In young soccer players, balance was adversely affected by fatigue.
A moderate correlation existed between balance impairment and repeated sprint ability performance.

I

n soccer, as in many other disciplines, researchers
continuously attempt to deﬁne which anthropometric,
physiologic, psychological, and cognitive characteristics are most relevant to identifying talent at an early age.
Such features, together with the development of new
assessment methods in the laboratory or on the ﬁeld, are
essential to improving the chances of recognizing future top
players.
In particular, somatotype, aerobic and anaerobic power,
agility, joint ﬂexibility, and muscular development are
considered essential contributors to achieving high-level
performance.1 Nevertheless, it remains unclear how these
factors are to be objectively selected, measured, weighed,
and combined with coaches’ subjective perceptions, which
are mainly based on personal experience.1,2
Somewhat surprisingly, balance is not included among
the most important features in athletic success; this quality
is considered important mostly as a cofactor that helps
reduce the risk of injuries.3 Also, soccer is a discipline that
relies a great deal on single-legged support under unstable
conditions. In fact, players use 1 limb (the dominant limb)
to control the force and direction of the ball while dribbling,
maintaining ball possession, and kicking; the nondominant
limb basically ensures the necessary stability to optimally
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perform the required technical maneuver.4 Thus, it appears
very important for players to have (and possibly improve
during their maturation) excellent balance skills, especially
for unipedal stance.
Although previous authors5–7 have shown that soccer
players are generally characterized by superior balance
performance compared with athletes in other sports (except
gymnasts) or nonathletes, few data are available on the
relationship between balance variables and functional
performance in soccer players.8 Similarly, the possibility
of improving postural-control performance in healthy
athletes using speciﬁc balance-training protocols remains
partly unexplored. However, recent investigators9,10 have
demonstrated that young athletes may beneﬁt from proper
stimulation of the proprioceptive system.
Balance and Fatigue

Both localized and whole-body fatigue cause degradation
of postural-control performance, which is evident in the
form of increased postural sway (ie, constant, slight
corrective deviations from vertical when standing upright).11 This phenomenon, which has been extensively
reported in the literature, is mainly due to changes in
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Context: Although balance is generally recognized to be an
important feature in ensuring good performance in soccer, its
link with functional performance remains mostly unexplored,
especially in young athletes.
Objective: To investigate changes in balance induced by
fatigue for unipedal and bipedal static stances in young soccer
players.
Design: Crossover study.
Setting: Biomechanics laboratory and outdoor soccer field.
Patients or Other Participants: Twenty-one male soccer
players (age ¼ 14.5 6 0.2 years, height ¼ 164.5 6 5.6 cm, mass
¼ 56.8 6 6.8 kg).
Intervention(s): Static balance was assessed with posturalsway analysis in unipedal and bipedal upright stance before and
after a fatigue protocol consisting of a repeated sprint ability
(RSA) test (2 3 15-m shuttle sprint interspersed with 20 seconds
of passive recovery, repeated 6 times).
Main Outcome Measure(s): On the basis of the center-of-

in the Declaration of Helsinki and was approved by the
Departmental Review Board.
Data Acquisition and Postprocessing

Postural-sway data were calculated on the basis of COP
time series acquired by means of a pressure platform
Footscan (system 0.5; RSscan International, Olen, Belgium) composed of a pressure-sensitive plate (40967.62 3
5.08 mm with sensing elements based on piezoresistive
technology arranged in a 64 3 64 matrix) and a universal
serial bus (USB) interface box connected to a personal
computer. The plate-management software allows a ﬁxed
number of 1000 events (frames) to be collected, regardless
of trial length, so the acquisition frequencies were
automatically set to 50 and 33 Hz for unipedal and bipedal
trials, respectively. The raw COP time series were low-pass
ﬁltered (10-Hz cutoff, 4th-order Butterworth, bidirectional)
and then postprocessed with a custom-developed MATLAB
(The MathWorks, Inc, Natick, MA) routine to calculate the
following sway values: sway area (SA, 95% conﬁdence
ellipse), COP path length (COP PL: the overall distance
traveled by the COP during the trial), COP maximum
displacement (MDISP: the difference between the maximum and minimum values of the selected coordinate
recorded during the trial) in the anteroposterior (AP) and
mediolateral (ML) directions, and COP velocity (VCOP
calculated as the average of the 1000 values for each
temporal event into which the trial was subdivided) in the
AP and ML directions.
For bipedal tests, players were asked to stand barefoot, as
still as possible for 30 seconds, on a pressure plate; the foot
was placed on a sheet of paper with 2 footprints oriented at
approximately 308 (Figure 1a) while maintaining a stable
and relaxed position with the arms freely positioned by the
sides and the gaze ﬁxed on a target image. The unipedal
tests were similar but shorter in duration (20 seconds); the
participant raised 1 leg and put the back of the suspended
foot in contact with the popliteal fossa of the standing limb
while the arms were held in the lumbar region. For these

METHODS
Participants

A total of 21 male soccer players (age ¼ 14.5 6 0.2
years, height ¼ 164.5 6 5.6 cm, mass ¼ 56.8 6 6.8 kg,
body mass index ¼ 20.9 6 1.9) from 2 teams in Italy were
recruited for the study on a voluntary basis. All participants
had been free from lower limb injuries for at least 6 months
before the study, had regularly trained for at least 6 hours
per week, and had competed in either national or regional
tournaments organized by the Italian Football Association.
Test procedures and purposes of the study were carefully
explained to participants and their parents during a meeting
followed by a question-and-answer session. Parents then
received a written document that described the procedure in
detail and signed an informed consent form. They were also
allowed, on request, to watch the test sessions for RSA and
postural-sway data collection from a convenient distance.
The study was carried out in compliance with the ethical
principles for research involving human subjects expressed

Figure 1. a, For the bipedal-stance test, the participant stood
barefoot, as still as possible for 30 seconds, on a pressure plate;
the foot was placed on a sheet of paper with 2 footprints oriented at
approximately 308. The participant maintained a stable and relaxed
position with the arms freely positioned by the sides and the gaze
ﬁxed on a target image. b, The unipedal test was similar but shorter
in duration (20 seconds). The participant raised 1 leg and put the
back of the suspended foot in contact with the popliteal fossa of the
standing limb while the arms were held in the lumbar region. The
axis coincided with the minor axis of the instrument surface.
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cardiac and respiratory contractions, ﬂuid movement in the
body, and release of metabolic products by muscle ﬁbers
and is caused by altered sensory information from the
proprioceptive system.12 The magnitude of sway increase is
partly inﬂuenced by exercise intensity and duration, but it
also depends on the muscular groups involved.13 From this
point of view, localized fatigue and whole-body fatigue are
thought to trigger different disturbances of the posturalcontrol system,14 although the net effect in terms of balance
impairment may appear similar.
Typical experiments aimed at assessing the effect of
fatigue on static balance involve exercise such as the
treadmill,15–17 cycle or rowing ergometer,14,15,18 isokinetic
concentric actions, squat jumps, and heel raises.14,19 A few
authors20,21 have evaluated the fatiguing effects of actual
sport performance in triathletes22 and soccer players. In
particular, Zemkova and Hamar20 and Brito et al21 analyzed
center-of-pressure (COP) velocity of 19- to 21-year-old
players (unipedal and bipedal stances with eyes open or
closed) before a game, in the break period between the ﬁrst
and second halves, and after a game. When visual input was
present, single-legged balance was reduced after the match.
Less evident was the effect of fatigue on bipedal standing:
changes were observed only when the support surface was
unstable and visual input suppressed.
The lack of experimental data regarding the effects of
fatigue on balance in soccer players is somewhat surprising,
considering that fatigue is implicated in injury occurrence23
and that a deﬁcit in postural control may increase the risk of
ankle injuries.24 Thus, it is reasonable to hypothesize that
not only may fatigue associated with performance in a
match impair balance (and thereby increase the risk of
injuries) but also that superior physical ﬁtness in bettertrained athletes may limit this effect.
Our goal was to assess postural-sway changes induced by
fatigue subsequent to a controlled ﬁeld test (repeated sprint
ability [RSA]) representative of actual soccer activity in a
cohort of young elite soccer players. We had 2 questions:
(1) Is unipedal and bipedal static balance impaired by
fatigue? (2) Is there a functional relationship between
performance level in RSA and balance alterations?

RESULTS
Unipedal Stance

In unipedal stance, the fatigue created by the RSA test
induced increases in all sway factors except for VCOP in the
ML direction, whereas no effects were detected for the
interaction of fatigue and limb (Table 1).
The largest increase was for SA (þ70%, P , .001) and
only in this case did post hoc analysis reveal changes in
both limbs. In all other cases, the fatigue effect appeared to
be restricted to a single limb. In particular, increases in
COP PL, MDISP, and VCOP in the AP direction were
observed in the dominant limb only, whereas fatigue
appeared to be responsible for increases in MDISP in the
ML direction for the nondominant limb.

where total sprint time represents the sum of the times
recorded for each of the 6 sprints and ideal sprint time is the

Table 1. Postural-Sway Values Before and After the Fatigue Protocol for Unipedal Stance
Limb
Dominant
Resta

Measurement
2

Sway area, mm
Center-of-pressure path length, mm

Fatigueb

P Value
Nondominant
Rest

Fatigue

351.0 6 153.1
655.2 6 180.6

521.4 6 366.2
772.5 6 230.4

329.8 6 192.1
636.9 6 158.8

564.6 6 460.0
721.1 6 181.9

33.5 6 9.1
23.8 6 6.1

46.3 6 19.3
27.5 6 7.8

35.2 6 13.5
22.1 6 7.2

42.4 6 19.2
29.0 6 9.0

33.7 6 8.3
18.3 6 6.7

43.2 6 12.8
19.3 6 5.9

23.7 6 6.6
17.8 6 6.1

Repeated
Sprint Ability
Test

Limb

Repeated
Sprint Ability
Test 3 Limb

c

,.001
.009c

.873
.419

.592
.764

.005c
.002c

.748
.751

.429
.315

.003c
.227

.417
.920

.620
.835

Maximum displacement, mm
Anteroposterior
Mediolateral
Center-of-pressure velocity, mm/s
Anteroposterior
Mediolateral
a
b
c

Before repeated sprint ability test.
After repeated sprint ability test.
Significant effect.
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27.7 6 9.0
19.38 6 6.0
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product of the lowest time recorded (ie, best performance)
for the number of sprints.
At the end of the RSA, players immediately entered the
room dedicated to balance tests, took off their shoes, and
positioned themselves on the pressure platform for sway
measurements. Usually the time elapsed between the end of
the last sprint and the beginning of the balance measurements was no more than 20 seconds. To avoid masking
effects related to progressive recovery from fatigue, unipedal
and bipedal tests were carried out in different sessions.
The statistical signiﬁcance of the possible differences in
the postural-sway values introduced by fatigue was
assessed using 2-way analysis of variance, where the
independent variable was fatigue status (rest, fatigue) and
either limb input (dominant, nondominant) for unipedal
stance or visual input (eyes open, closed) for bipedal stance
and dependent variables SA, COP PL, MDISP AP and ML,
and VCOP AP and ML by setting the level of signiﬁcance at
P , .05. When necessary, a post hoc Holm-Sidak test for
pairwise comparison was carried out to assess intragroup
and intergroup differences. We checked the data for
normality using the Shapiro-Wilk test and equal variance
before performing analysis of variance.
The relationship between fatigue (expressed as the FI)
and postural-sway modiﬁcations (expressed as the ratio of
values after and before the RSA test) was assessed by
means of the Pearson product moment correlation analysis.
The level of signiﬁcance was set at P , .05.

tests, the foot was placed on the platform so that the axis
coincided with the minor axis of the instrument surface
(Figure 1b).
The dominant limb was deﬁned by asking each athlete
which leg he preferred for kicking. Four conditions were
tested: right and left unipedal stance with eyes open and
bipedal stance with eyes open and closed. The test
sequences were fully randomized. Experiments were
repeated twice: under absolute rest conditions to deﬁne
reference baseline sway values and after a fatigue protocol,
previously tested by Buchheit et al,25 on same-age athletes,
which consisted of an RSA test performed on an outdoor
ﬁeld (artiﬁcial grass carpet) in the form of 6 repetitions of
maximal 2- 3 15-m shuttle sprints interspersed with 20
seconds of passive recovery (including deceleration, slow
walking, and preparing for the subsequent test).
Before the RSA test, all participants performed a brief
standardized warm-up (approximately 20 minutes long),
which consisted of 6 minutes of incremental running from
60% to 80% of maximal aerobic speed; 6 minutes of
dynamic ﬂexibility exercises; 2 minutes of forward,
backward, and lateral jogging and high-knee and ‘‘buttkick’’ runs; 2 minutes of 5 þ 5 m shuttle sprints (5 m in 1
direction and 5 m in the opposite direction, repeated for 2
minutes) at submaximal speed (followed by 40 seconds of
passive recovery); and 2 minutes of RSA test simulation at
submaximal speed (2 repetitions), again followed by 40
seconds of passive recovery.
The participants then prepared for the start on a line 30
cm behind the actual starting line (delimited by 2 aligned
photocells; model Microtac radio, TT Sport S.r.l., Galazzano, Republic of San Marino, also used to electronically
record the sprint times) to avoid inaccurate triggering of the
time-measurement system. They received a visual and an
acoustic signal to start each sprint and were constantly
encouraged by an assistant to perform at maximal speed.
The fatigue index (FI) used to characterize the RSA
performance was calculated in terms of percentage
decrement score26 as follows:



Total sprint time
 100
FI ¼ 100 
Ideal sprint time
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Figure 2. Correlation for the nondominant limb between the fatigue index and the fatigue/rest sway ratio for center-of-pressure (COP)
path length (r ¼ 0.631, P , .01) and center-of-pressure velocity in the anteroposterior (AP; r ¼ 0.577, P , .01) and mediolateral (AP; r ¼ 0.529,
P ¼ .014) directions.
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We noted a signiﬁcant positive correlation for the
nondominant limb between the FI and the fatigue/rest
sway ratio for COP PL (r ¼ 0.631, P , .01) and VCOP in the
AP (r ¼ 0.577, P , .01) and ML directions (r ¼ 0.529, P ¼
.014; Figure 2). Therefore, the more fatigued the athlete
was, the more his unipedal static balance was impaired, at
least in terms of these 3 factors. Examples of sway paths
and areas (95% conﬁdence ellipses) before and after the
RSA test are shown in Figure 3.

We found no major effect of visual input, although
participants generally exhibited poorer balance performances in the eyes-closed condition. Similarly, statistical
analysis revealed no interaction for fatigue by visual input.
We noted no correlations between the FI and the fatigue/
rest sway ratio for any of the factors investigated. The
average FI values calculated after the 2 RSA test sessions
were 2.84 6 1.28 for the unipedal session and 3.04 6 1.3
for the bipedal session. We observed no differences
between the RSA performances on the test days.

Bipedal Stance

In bipedal stance, the RSA test led to higher values in all
sway factors than at baseline (Table 2). The largest increase
was observed for SA (ratios ¼ 3.9 [eyes open] and 4.0 [eyes
closed]).
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DISCUSSION

Although a number of authors previously reported effects
of fatigue on static balance, only a few investigated early
adolescents. In this period of life, the postural-control
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Figure 3. Examples of sway paths and areas (95% conﬁdence ellipses) before and after the repeated sprint ability test. Abbreviation:
COP, center of pressure.

Table 2. Postural-Sway Values Before and After the Fatigue Protocol for Bipedal Stance
Eyes

P Value

Open
Measurement
2

Sway area, mm
Center-of-pressure path length, mm

Closed

Resta

Fatigueb

Rest

Fatigue

Repeated
Sprint Ability
Test

Visual
Input

Repeated
Sprint Ability
Test 3 Visual Input

55.9 6 38.6
254.7 6 41.3

195.8 6 166.0
368.8 6 80.5

57.9 6 38.7
281.5 6 43.7

220.8 6 160.4
363.4 6 99.9

,.001c
,.001c

.665
.795

.766
.182

10.2 6 3.0
11.2 6 3.9

23.0 6 11.5
16.4 6 6.6

12.5 6 3.6
10.6 6 5.3

23.7 6 10.1
19.7 6 7.3

,.001c
,.001c

.168
.522

.381
.089

5.2 6 1.0
5.9 6 1.2

10.6 6 13.0
8.0 6 1.8

5.8 6 1.0
6.3 6 1.0

8.1 6 1.8
8.4 6 1.6

,.001c
,.001c

.845
.125

.207
.719

Maximum displacement, mm
Anteroposterior
Mediolateral
Center-of-pressure velocity, mm/s
Anteroposterior
Mediolateral
a
b
c

Before repeated sprint ability test.
After repeated sprint ability test.
Significant effect.

between single-legged balance in the dominant and
nondominant limbs agrees with previous observations on
adult soccer players5 but contrasts with the ﬁndings of Brito
et al.21 It has been hypothesized4 that the nondominant
limb, which is often called upon to assume a support role
for the body while the dominant leg provides the force and
accuracy necessary to kick the ball in the desired direction,
may develop superior balance capabilities due to repeated
exercise. If such a difference really exists as a consequence
of the speciﬁc training that soccer players undergo, it
probably takes many years to become evident; thus, the
young age and relatively limited experience of our
participants were perhaps insufﬁcient for this type of
lateralization to emerge.
Other than the age of the athletes tested, our approach was
novel in searching for a relationship between balance and
functional performance as quantiﬁed by the RSA FI. This
topic is mostly unexplored in soccer athletes, and to our
knowledge, only 1 group8 attempted to investigate it, using
running and jumping tests. They found a correlation between
single-legged balance and vertical jump height but not with
sprinting ability. On the contrary, we showed that unipedalstance RSA performance (in terms of the FI) was positively
correlated with increases in COP path length and VCOP in the
ML direction. Wisløff et al29 noted that sprint test and
vertical jump performance of soccer players was related to
maximal strength. This suggests that better-trained athletes,
who are likely to be stronger in both running and jumping
skills, might be less affected by some of the physiologic
effects (eg, increases in cardiac and breathing rhythm,
metabolic by-products) that, together with disturbances of
the vestibular and proprioceptive systems, inﬂuence postural
control.12 Butler et al30 showed that muscular weakness was
associated with worse performance in proprioceptive
postural control and suggested a functional link between
contractile and sensory muscular processes. Thus, it is
reasonable to hypothesize that people (especially the young)
who feel more fatigue due to physiology or insufﬁcient
training may experience more and longer balance impairment during sport performance.
The differences between our results and those obtained
by Erkmen et al8 may be explained by 2 factors: the
intensity and pace of the sprints performed to induce
Journal of Athletic Training
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system is still developing and is thus likely to be inﬂuenced
when proper stimulation (eg, focused on the proprioceptive
system) is administered.
Our results conﬁrm that even in young athletes, fatigue
appeared to worsen balance performance, as shown by the
increased values for most sway factors after the RSA test in
both unipedal and bipedal stance. The increments we
observed are quantitatively similar to those reported in
adults. For example, for the eyes-open bipedal stance,
sway-path ratios (fatigue/rest) have been in the range of 1.2
to 215,17,22; our result was 1.46. Increases in COP velocity
were between 1.22 and 3.7316,18,21; our ratio was between
1.4 and 2.0, depending on the direction. Few authors have
tested unipedal stance (which is of great interest in soccer
players14,21) but even in this case, postfatigue increases in
amplitude of COP maximum displacement in the ML and
AP directions and COP velocity were consistent with those
we demonstrated.
Nevertheless, Greig and Walker-Johnson27 and Gioftsidou
et al28 found no change in balance alterations due to fatigue
in soccer players. Greig and Walker-Johnson27 induced
fatigue by means of an intermittent soccer-speciﬁc treadmill
protocol, whereas Gioftsidou et al28 tested 16-year-old
athletes performing a realistic soccer training session. In
both studies, single-legged balance was assessed with the
Biodex system, which provides several stability indexes.
Greig and Walker-Johnson27 used a protocol that was
intended to replicate the walking and running proﬁle of a
typical soccer match, although, of course, directional
changes, jumps, and ball handling could not be replicated.
Gioftsidou et al28 gave no speciﬁc information as to the
content of their training. We believe the different results we
observed are partly due to the nature of the stability indexes
that form the output of the Biodex system (which are
difﬁcult to compare directly with sway values calculated on
the basis of COP time series) and also related to the exercise
protocol. As pointed out by Paillard,12 depending on exercise
intensity and duration, the postural system returns to baseline
performance more quickly than does muscular strength.
Thus, in some cases, the fatigue protocol used may simply be
insufﬁcient to trigger detectable sway increases.
For the dominant and nondominant limbs in the rest and
fatigue conditions, the absence of signiﬁcant differences

CONCLUSIONS

The adverse effects of fatigue on balance, which are
known and documented in the literature, appear to affect
young athletes in ways similar to those observed in adults.
Fatigued, elite young soccer players exhibited increases in
almost all sway measurements for both unipedal and
bipedal stances. Because the fatiguing protocol was based
on intermittent sprint sequences, which reproduce quite
faithfully the muscular efforts that characterize a soccer
match, it is reasonable to imagine that during actual play,
repeated sprints will induce temporary balance impairments
of mostly unknown duration (and duration of recovery).
Another issue to analyze is the possibility that effects may
accumulate over the course of the match.
The increased risk of lower limb injuries (particularly to
the ankle), which has been attributed to fatigue due to
altered neuromuscular control of the ankle, and the higher
incidence of injuries observed in young players compared
with older ones suggest that great attention must be paid to
planning technical and physical-training programs. Practical preventive interventions to reduce the occurrence of
injuries should include continuous monitoring of basic
balance skills, development of speciﬁc static and dynamic
balance-training protocols, and lower limb strength training
integrated into regular training sessions.
460
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fatigue. Whereas Erkmen et al8 tested adult athletes using a
single session of the ‘‘4-line sprint’’31 or ‘‘3-corner run,’’31
which are basically continuous running with changes in
direction, we used intermittent, standardized sprints with a
greater number of repetitions. Perhaps the tests of Erkmen
et al8 failed to cause sufﬁcient fatigue to impair balance.
The limitations of our study suggest the need for further
investigation. Although RSA is recognized as valid in
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