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Abstract
Purpose: Static is crucial in the maintaining the position of the body’s center of gravity vertically over the base of 

support. Many sport disciplines require effective balance system. However, the efficiency of the system differs 
based on the sport discipline. The aim of the study was to examine balance system efficiency in pole vaulters 
and soccer players. Additionally, the analysis of pre and postseason balance system efficiency was performed 
in pole vaulters and soccer players as well.

Material: To asses static balance system efficiency five pole vaulters and six soccer players were examined. A balance 
platform was used for open eyes test, close eyes test and biofeedback test. During the tests displacements 
of the center of pressure (COP) and calculates parameters such as: sway area in mm2 (P), mean total length in 
mm (L), path length in antero-posterior plane in mm (LA-P), path length in medio-lateral plane in  mm (LM-L) and 
coordination in % (C) were obtained.

Results: Pole volunteers displayed better static balance and coordination compared to soccer players both in 
postseason and preseason time. Static balance and coordination were better in preseason compared to 
postseason time in pole vaulters. The observed differences were not statistically significant. Soccer players 
exhibited lower balance scores (statistically significant) in preseason compared to postseason. The eyes 
closure resulted in increased values of both total sway length, sway length in AP plane and sway length in 
ML plane both in postseason and preseason time for both groups of athletes. Intercondition significance was 
assessed only for total sway length and sway length in AP plane in pole vaulters in postseason time.

Conclusions: Pole vaulters and soccer players did not differ in terms of static balance, but our results point toward an overall 
tendency for pole vaulters to exhibit better standing balance and visual-motor coordination compared 
soccer players.
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Abbreviations
COG- body’s center of gravity
BOS- base of support
VMI- visual-motor coordination
COP- center of pressure
P- sway area
L- mean total length
LA-P- path length in antero-posterior plane
LA-P- path length in medio-lateral plane
C- coordination
ET1- open eyes test
ET2- closed eyes test
ET3-biofeedback test
AP-anterio-posterior plane
ML- medio-lateral plane
ACL-anterior cruciate ligament

Introduction1

Balance is the process of maintaining the position 
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of the body’s center of gravity (COG) vertically over 
the base of support (BOS) [1]. Both static and dynamic 
balance involves some structures of the central nervous 
system to integrate sensory information from visual, 
vestibular, proprioceptive and exteroceptive receptors in 
the centers of analysis. These structures are located at 
different levels of the central nervous system: the spinal 
cord, basal ganglia, cerebellum and cerebral cortex. 
The cerebellum, brainstem and frontal lobe are together 
involved in control of visual- motor coordination (VMI). 
VMI is able to integrate visual input with motor output 
which ensures a coordinated movement. 

Balance is a key component to athletic activities like 
soccer, gymnastics, running [2-5] and pole vault. The 
necessary visual components for a pole vaulter include: 
dynamic visual skills, peripheral vision, dynamic depth 
perception to judge the distance from the pole tip to 
the box, visual tracking, contrast sensitivity and depth 
perception. Therefore training programme in pole vaulters 
is limited not only at physical preparation but also includes 
exercises for improving the time-space orientation and 
might be important for increasing the balance control. In 
soccer players, coordination depends mostly on a sense of 
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timing, speed and flight path of the ball and then is used by 
the players in specific skills such as controlling, dribbling 
and passing. For this reason the typical soccer training 
typically involves a high degree of focus on the external 
surrounding, i.e. the ball or/and other players. The most 
important elements able to influence coordination are 
power, speed, reaction time and endurance. 

The pole vault is a sport where the successful 
competitor must combine a high level of athletic 
prowess with the development of unerring technique. 
Specific training for this athletic discipline enables the 
development of coordination skills, orientation in time 
and space, flexibility and agility. The world-class pole 
vaulter often possess also sprinting capability similar to 
that of elite sprinter. The speed on the runway is strongly 
related to amount of energy which is directed into the pole 
and then transferred into the vertical movement of the 
athlete to the bar. Therefore, the pole vaulter must be both 
a good sprinter and gymnast. Moreover, the vaulter should 
also have a strong upper body, particularly shoulders, to 
generate additional force on the push of the pole into the 
ground on take off. The vaulter must also be extremely 
coordinated, able to contort their body in midair on the 
approach to the bar. 

Soccer players range in activity from walking to 
jogging and sprinting. It has been suggested that about 
2/3 of the total distance (from 4.5 to 9.5 miles in one 
game) is done in the walking and jogging states, leaving 
1/3 to be done in running and sprinting states. Soccer 
players frequently support their body mass on one leg 
when kicking a ball. Therefore, the aim of the strength 
training for soccer players is the improvement of legs 
strength, especially in the quadriceps to help stabilize the 
knee joint [6]. 

Both pole vaulter and soccer player require excellent 
standing balance. Pole vaulters are expected to be 
extremely aware regarding the placement and motion of 
their body. This type of balance is clearly different than 
soccer players. Soccer players have to maintain balance 
during the run with low or high speed when they rapidly 
change direction and kick the ball standing on the one foot. 
Therefore, soccer players have been mostly compared 
with other athletes such as gymnasts [3, 7], modern and 
ballet dancers [5], swimmers [7, 8] and others.

Hypothesis. We hypothesize that pole vaulters have 
better standing balance than soccer players due to great 
awareness of body position in space. 

Purpose. Since, up to now there is no experimental 
data showing balance system efficiency, the aim of the 
study was to examine this kind of sense in pole vaulters. 
Because there is significant improvement in balance 
system due to training we analyzed the balance system 
of athletes in preseason and postseason. Additionally, 
we compared balance control between pole vaulters and 
soccer players both in preseason and postseason.

Materials and  Methods
Participants
Five pole vaulters and six soccer players (all male; 

mean age 18.2±1.3, ranged from 17 to 20 years, and 
18.0±0.7, 17 to 19 years, respectively) were recruited. 
The pole vaulters were members of the Junior National 
Team. They practiced pole vault about six years. A small 
number of athletes results from the small number of young 
individuals practicing this kind of sports discipline. The 
soccer players group consist of the participants practicing 
that discipline about 10 years. They were recruited from 
The District Junior Football League. All subjects had no 
history of neurological, muscular and metabolic diseases. 
In addition, they did not drink alcohol and not take any 
drugs disturbing locomotor functions. All participants 
were examined two times: in April- time just before start 
of competitions season (preseason) and in October- at the 
end of participation in competitions season (postseason). 
The study was approved by the Ethics Commision of The 
Ludwik Rydygier Collegium Medicum in Bydgoszcz 
(Poland).

Research Design
A balance platform (PROMED, Poland) was used 

for the assessment of the static postural control. This 
diagnostic system computes displacements of the center 
of pressure (COP) and calculates parameters such as: 
sway area in mm2 (P), mean total length in mm (L), path 
length in antero-posterior plane in mm (LA-P), path length 
in medio-lateral plane in  mm (LM-L) and coordination in 
% (C).  

Three different test conditions were used for bipedal 
balance assessment: open eyes (ET1), closed eyes test 
(ET2) and biofeedback test (ET3). In all conditions, the 
subjects stood for 32s while COP data were collected. One 
practice trial was allowed before the beginning of data 
collection and a 3 minutes seated rest period was provided 
between trials. Force measurements were taken at sampling 
rate of 40 per second.  Test circumstances (e.g. noise, 
illumination) were in accordance with recommendations 
for posturographic testing. All tests were performed in 
the morning hours. The subject standing without shoes 
on the platform (the angle between feet of approximately 
30° and the distance between the heels of 2 cm) was 
asked to keep upright posture with his/her arms along the 
trunk.  During ET1 the subject is asked to look forward 
maintaining described above body position. While ET2 
the visual information is eliminated due to eyes closure. In 
the biofeedback test at eye level, the monitor was placed 
two meters from the subject. The participant was asked to 
keep the cursor indicating the current position of the COP  
in the square located in the center of the screen. 

Statistical Analysis.
All analyses were conducted using statistical software 

STATISTICA 10.0 (StatSoft®). Analyzed variables were 
normally distributed and therefore parametric statistics 
was used for statistical analysis. Quantitative variables 
were described with means and standard deviations 
(S.D.). The significance of differences between groups as 
well as between data collection time (pre- and postseason) 
was tested using Student t-test. The level of significance 
for all tests was set at p<0.05. 
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Results
Demographic data of athletes are presented in Table 1.
Pole vaulters were significantly taller than soccer 

players both in preseason and postseason. Soccer players 
weighed more compared to pole vaulters in preseason 
as well as postseason time but statistically significant 
differences were observed only in postseason.

The posturographic parameters for pole vaulters and 
soccer players in preseason and postseason time are 
shown in Table 2. 

Mean scores of the sway area, mean total length, path 
length in AP plane in ET1, ET2 and ET3 were lower in pole 
vaulters compared to soccer players in preseason time. 
The observed differences were not statistical significant. 

Coordination parameter was higher in pole vaulters 
comparing to soccer players but it was no significant in 
common with postseason time. Moreover, mean scores of 
the sway area, mean total length, path length in antero-
posterior plane, path length in medio-lateral plane in ET1, 
ET2 and ET3 were lower in pole vaulters compared to 
soccer players in postseason. Again, differences did not 
reach statistical significance. 

The eyes closure resulted in increased values of both 
mean total length, path length in AP plane and path length 
in medio-lateral plane both in preseason and postseason 
for both groups of athletes. Intercondition significance 
was assessed only for mean total length (p=0.049) and 
path length in  antero-posterior plane (p=0.032) in pole 

Table 1. Demographics of the athletes

  Pole vaulters (n=5) Soccer players (n=6)    
Variable Preseason Postseason Preseason Postseason Preseason Postseason

            p-Value p-Value
Age (years) 19.2 ± 1.3 18.2 ± 1.3 19 ± 0.7 18 ± 0.7 0.38 0.38
Height (cm) 186 ± 3.2 185 ± 3.6 181.2 ± 2.5 180.5 ± 2.9 0.01* 0.03*
Weight (kg) 74 ± 4.2 71.2 ± 3.6 77.5 ± 3.1 76. 7 ± 3.6 0.07 0.02*

Note. Data represent mean ± S.D. with groups compared by the Student t-test; * Statistically significant.

Table 2. Sway area, mean total length, path length in AP plane, path length in ML plane in pole vaulters and soccer 
players

Variable

  Preseason   Postseason  

Test Pole vaulters 
(=5)

Soccer players 
(n=6)   Pole vaulters 

(n=5)
Soccer 
players (n=6)  

  Mean ± S.D. Mean ± S.D. p-Value Mean ± S.D. Mean ± S.D. p-Value

P
ET1 487,6 ± 111.2 655,7 ± 419.5 0.38 544.4 ± 188.9 595.5 ± 110.5 0.59
ET2 521.0 ± 114.2 571.2 ± 208.6 0.64 526.2 ± 78.4 620.5 ± 193.3 0.34
ET3 363.2 ± 91.5 468.3 ± 142.7 0.19 455.4 ± 117.6 580.7 ± 231.9 0.30

                               

L
ET1 682.6 ± 44.4 692. 7± 89.2 0.82 704.8 ± 39.9 739.7 ± 96.6 0.47
ET2 695.0 ± 31.1 698.2 ± 67.2 0.93 736.8 ± 59.1 757.5 ± 97,2 0.69
ET3 679.4 ± 32.2 686.7 ± 72.7 0.84 722.2 ± 61.6 770.7 ± 75.4 0.28

                               

LA-P
ET1 443.2 ± 27.9 458.3 ± 78.7 0.69 456.2 ± 38.1 483.0 ± 64.2 0.43
ET2 455.6 ± 25.5 463.7 ± 47.9 0.74 484.0 ± 44.1 502.0 ± 70.1 0.63
ET3 441.6 ± 22.4 451.3 ± 54.8 0.72 475.0 ± 53.5 509.8 ± 59.4 0.34

                               

LM-L

ET1 422.4 ± 31.2 418.5 ± 34.2 0.85 438.2 ± 17.8 456.8 ± 57.6 0.48
ET2 428.8 ± 20.1 423.0 ± 40.4 0.78 449.0 ± 34.0 462.3 ± 57.3 0.66
ET3 422.0 ± 21.5 420.8 ± 42.5 0.96 440.8 ± 27.8 472.0 ± 44.4 0.21

C ET3 90.0 ± 8.2 82.4 ± 9.6 0.19 86.5  ± 9.6 82.0 ± 13.8 0.56

Table 3. Influence of vision on balance control in pole vaulters and soccer players

  Pole vaulters (n=5) Soccer players (n=6)
Variable Preseason Postseason Preseason Postseason
  p-Value p-Value p-Value p-Value

Sway area 0,3627 0,4299 0,2017 0,3050
Mean total length 0,2849 0,0495* 0,4110 0,1277
Path length in AP plane 0,2532 0,0323* 0,4056 0,0971
Path length in ML plane 0,2869 0,2048 0,3296 0,2579

Note. Data represent mean ± S.D. with groups compared by the Student t-test. * Statistically significant.
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Figure 1. Group mean values (± S.D.) of sway area, total length of stabilogram, length of stabilogram in sagittal plane 
and length of stabilogram in frontal plane in pole vaulters in postseason and preseason.
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vaulters in posteason (Table 3).
Pole vaulters displayed better static balance in 

preseason compared to postseason time but this difference 
did not reach statistical significance (Figure 1a-d). 

Coordination was also better but statistically 
insignificant in preseason compared to postseason 
(90.02% and 86.50%, respectively).

Soccer players exhibited lower balance scores in 
preseason compared to postseason, except sway area in 
ET1 (Figure 2a-d).

Student t-test showed statistically significant 
differences between posturographic parameters for mean 
total length (p<0.01), path length in antero-posterior plane 
(p<0.05), path length in medio-lateral plane (p<0.01) 
in ET2.  Moreover, mean total length (p<0.05), path 
length in antero-posterior plane (p<0.05), path length in 
medio-lateral plane (p<0.01) in ET3 reached statistical 
significance. Coordination was better but statistically 
insignificant in preseason compared to postseason time 
(82.42% and 82.02%, respectively). 

Discussion
The purpose of this study was to examine balance 

system of soccer players. Moreover, we compared 

standing balance of soccer players and pole vaulters. Our 
results point toward tendency for pole vaulters to exhibit 
better standing balance and visual-motor coordination. 
Although pole vaulters displayed superior static balance 
compared to soccer players, obtained data did not 
reveal any differences between groups of athletes both 
in preseason and postseason. Thereby the data from the 
posturography assessment did not support our hypothesis 
that pole vaulters have superior postural stability over 
soccer players. However, it is possible that the lack of 
statistically significant differences among pole vaulters 
and soccer players may result from the small number of 
participants. 

As mentioned above, the pole vaulter must be good 
sprinter and gymnast as well, thus making pole vault a 
multiple tasks discipline. Cross-sectional studies revealed 
that gymnasts tended to have the best balance ability, 
followed by soccer players. However, it was found that 
gymnasts have superior dynamic bipedal balance but 
similar static balance to soccer players [3, 7]. Moreover, 
pole vaulters are trained in balance control similar to the 
gymnasts. They require heightened balance control to 
perform running with the pole, jumping, turning their 
body in midair and landing on the beam safely. However, 
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no study was found that compared the balance ability of 
sprinters with other athletes. Soccer players also practice 
balance training. This training may results in task-specific 
neural adaptations which may suppress spinal reflex 
excitability leading to less destabilizing movements and 
improved balance in athletes [9, 10].

Similar static balance in both examined groups may 
be the result of resistance training. Both pole vaulters and 
soccer players practice this type of training (also called 
strength training or weight training) to improve strength, 
anaerobic endurance and size of skeletal muscles. Pole 
vaulters practice weight training to make both trunk and 
legs muscles stronger, while soccer players are required 
to perform tasks causing greater strength of the lower 
extremities. Therefore the athletes of both groups are 
expected to have stronger muscles that are engaged in the 
upright position maintenance. 

It is postulated that balance ability of athletes may be 
the result of repetitive experience that influences motor 
responses [11]. Others argue that superior balance is the 
result of training experience influencing a subject’s ability 
to use sensory information such as proprioceptive and 
visual cues [3, 12]. Training tasks repetition might also 
improve neuromuscular coordination, joint strength and 

joint range of motion that may enhance balance ability 
[13, 14]. Bressel et al. suggested that both gymnasts 
and soccer players experience similar ground reaction 
forces for some skill manouvers [3]. Hence, it is possible 
that balance scores were similar among our examined 
groups of athletes. In addition, we observed superior 
visual-motor coordination of pole vaulters compared to 
the soccer players but statistical analysis did not reveal 
any differences between groups. Both groups of athletes 
usually perform static or dynamic balance and provide 
continuous visual stimuli to the balance system whereby 
the integration of visual input with motor output ensure a 
coordinated movement. 

Movement patterns of pole vaulters and soccer 
players are dramatically different. Therefore, it is possible 
that functional balance tests might reveal differences in 
dynamic balance. It was proposed that gymnasts developed 
the ability in extracting and associating relevant sensory 
information for regulating posture since statistically 
significant superior dynamic balance differences in 
functional balance tests were observed [2]. On the other 
hand, some authors postulated that the excellent balance 
among high-level athletes is not the result of the greater 
activity of the vestibular system [11]. 

Figure 2. Group mean values (± S.D.) of sway area, total length of stabilogram, length of stabilogram in sagittal plane 
and length of stabilogram in frontal plane in soccer players in postseason and preseason. Statistically significant 
differences are indicated with *p<0.05, **p<0.01.
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Our results showed that eyes closure resulted in the 
statistically insignificant increase of  mean total length, 
path length in AP plane and path length in ML plane 
in both examined groups in preseason time. However, 
the tendency to reliance on visual information in both 
groups was observed suggesting the role of vision for 
maintaining better balance both in vaulters and footballers 
before regular season. Similar tendency was observed in 
postseason. Pole vaulters displayed statistically significant 
increased mean total length and path length in AP plane in 
closed eyes tests in postseason. It may suggest that vision 
is becoming increasingly important in pole vaulters from 
regular period to postseason. It is well-documented that the 
absence of vision disturbed postural control for judoists, 
gymnasts, ballet dancers and soccer  players [15-18]. 

Pole vaulters displayed better static balance and visual-
motor coordination in preseason compared postseason in 
open eyes test (ET1), except for sway area, closed eyes test 
(ET2) and coordination test (ET3), but these differences 
were statistically insignificant. Contrasting with pole 
vaulters, soccer players displayed statistically significant 
differences between preseason and postseason in closed 
eyes test (ET2) and coordination test (ET3) for mean total 
length (L), path length in AP plane (LA-P) and path length 
in ML plane (LM-L). Superior static balance in preseason 
suggests that soccer players balance system is more 
efficient after the transition period when the frequency of 
training is decreased to three per week. In the transition 
period, the soccer players mainly perform individual 
exercises with the ball and short game between players of 
one team. Therefore, they are to lesser extent exposed to 
injuries and they have possibility to cure injuries acquired 
in midseason. During regular season game play often 
involves physical contact with other players including 
intentional pushing, or kicking. Moreover, the movement 
of soccer players is characterized by a great amount of 
sprinting, pivoting and sudden starts and stops. Therefore 
the most common site of injury in soccer player is the 
lower extremity. The most injured part of legs is joint. The 
most injured joint is the ankle joint, followed by the knee 
and the thigh [19]. Soccer is one of the sport that have the 
highest risk of damage to the anterior cruciate ligament 
(ACL) [20-23]. Such injury leads to knee joint instability 
and consequently to the development of early degenerative 
articular lesions. Some evidence in literature suggest that 
there are at least three mechanisms leading to the knee 
joint instability [24-30]. Although it deals with knee, these 
views may also apply to other joints. Firstly, injury to ACL 
leads to mechanical joint instability. Secondly, mechanical 
destruction of both mechanoreceptors and neuronal 
endings located in the ligaments leads to disruption of 
sensory pathways. Thirdly, erroneous action of unstable 
knee joint results in the altered reactions of sensory cells in 
other articular structures, whereby disordered information 
is transmitted to CNS. The result is incorrect perception 
of both posture and movements of the injured joint. It was 
even postulated that pre-injury movement characteristics 
can be different from non-injury movement characteristics. 

Compared to non-injured players, the injured players 
have increased knee abduction angles at initial contact, 
maximum knee abduction angles, peak vertical ground 
reaction forces, side-to-side knee abduction movement 
differences and decreased maximum knee flexion angles 
before the damage to ACL [31]. Another study that 
prospectively identify risk factors for ACL injury revealed 
that the distance from center of mass to base of support and 
the angles between thigh and vertical axis were increased 
in ACL injury and that the angles trunk and vertical axis 
were decreased in ACL injury cases compared to non-
injured control cases [32]. 

It is well-documented that mechanical and functional 
stability of both the knee joint [33, 34] and the ankle joint 
[35-38] plays important role in balance maintenance in the 
static balance tests. Therefore micro-trauma to the tendons 
and joints occurring over time may result in inferior static 
balance both in regular season and postseason in some 
soccer players. Our testing of posturographic parameters 
revealed  high standard deviations in soccer players. This 
may be due to heterogeneity of soccer players group 
resulting from mini-injuries in some players. Injuries in 
the pole vaulters population are generally not traumatic 
in nature. A possible reason for this can be found in more 
precise control of where his/her lower extremities are 
positioned during and after the jump. Teitz postulated that 
the reason for the lack of ACL injuries in ballet was due 
to choreographed movement [39]. It is possible that, the 
frequency of injuries in pole vaulters is decreased due to 
both learnt and very precised movement.

Conclusion
We can conclude that pole vaulters and soccer players 

did not differ in terms of static balance but our results point 
toward an overall tendency for pole vaulters to exhibit 
better standing balance and visual-motor coordination 
compared soccer players. However, additional research 
carried out on a greater groups is required to compare 
balance system of pole vaulters and footballers. Suggestion 
for further research should include a comparison of pole 
vaulters, soccer players, other athletes and non-athletes 
in static and dynamic tests as well. In all mentioned 
groups static and dynamic balance should be examined to 
determine the most accurate indicator of postural stability. 

The absence of visual information is linked to modify 
static balance in both examined group. For practical 
purpose, our results will be of benefit to the practitioners 
seeking the importance of vision in sport performance 
and trying to identify postural system efficiency. Coaches 
are recommended to use a variety of training program 
including both exercises with opened and closed eyes to 
improve balance.

Moreover, our findings allow us and coaches to 
evaluate the possible effects of training in preseason, 
midseason and postseason in athletes.
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