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When prescribing balance exercises to athletes in different sports, it may be important to recognize 

performance variations. Indeed, how athletes from different sports perform on balance tests is not well understood. The 

goal of the present study was to compare static balance and the role of vision among elite sprinters, jumpers and rugby 

players. The modified clinical test of sensory interaction on balance (mCTSIB) was used to assess the velocity of the 

center-of-pressure (CoP) on a force platform during a 30 s bipedal quiet standing posture in 4 conditions: firm surface 

with opened and closed eyes, foam surface with opened and closed eyes. Three-factor ANOVA indicated a significant 

main effect for groups (F=21.69, df=2, p<0.001, η2 = 0.34). Significant main effect of vision (F=43.20, df=1, p<0.001, η2 

= 0.34) and surface (F=193.41, df=1, p<0.001, η2 = 0.70) as well as an interaction between vision (eyes open, eyes 

closed) and surface (firm and foam) (F=21.79, df=1, p=0.001) were reported in all groups. The subsequent Bonferroni-

Dunn post hoc test indicated that rugby players displayed better static balance than sprinters and jumpers (p=0.001). 

The comparison of sprinters and jumpers did not reveal significant differences (p>0.05). The nature of the sport 

practiced and the absence of visual control are linked to modify static balance in elite athletes. Coaches and strength and 

conditioning professionals are recommended to use a variety of exercises to improve balance, including both exercises 

with opened and closed eyes on progressively challenging surfaces in order to make decisions about tasks and sensory 

availability during assessment and training. 
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Introduction 
The ability to minimize postural sway has

 been defined as postural performance (Paillard et 

al., 2002). Balance has been shown to play a 

fundamental role in many athletic activities as 

well as sport specific postural control and may 

contribute to a successful performance although 

the relationship between balance ability and 

athletic performance is less clear (Alderton et al., 

2003; Hryssomalis et al., 2011). Factors that alter 

postural control responses include sensory 

information obtained from the somatosensory, 

visual, and vestibular systems and motor  

 

 

responses that affect the quality and safety of 

performance during routine functional 

movements, athletic performance (Haryssomalis 

et al., 2011), coordination, joint range of motion 

(ROM), incremental exercise to fatigue (Erkmen et 

al., 2012) and strength (Grigg, 1994; Palmeiri,  

2002). In order to have optimal balance, it is 

necessary that the three afferent systems of 

proprioception, vision and vestibular provide the 

necessary information for this performance.  

Vision is responsible for the head’s 

position and movement in relation to the  
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surrounding objects. Information acquired via 

vision is important for maintaining balance 

(Berthoz et al., 2001). Numerous studies have 

analyzed various motor control and orientation in 

space strategies by examining the coordination of 

the movement of the eyes, head, body, and limbs 

during a locomotor task (Cremieux, 1994; Imai, 

2001; Paillard, 2006). However, controversy exists 

as to whether high level athletes demonstrate 

different postural control strategies (eyes open or 

closed and single- or double-leg stance) compared 

with others competing in different sports. Indeed, 

there is a lack of research evidence regarding 

whether balance assessment with eyes closed is 

more efficient than tests with opened eyes. 

Paillard and colleagues (2002) showed that judo 

athletes at the highest level of competition were 

more dependent on visual information to control 

their posture. Moreover, experienced athletes 

generally use specific sensory information in 

organizing posture in relation with the 

requirements of each discipline (Perrin, 1998; 

Vuillerme, 2001). For example, rugby players 

must control their posture in order to execute a 

variety of skills (e.g. high speed sprints and 

changes of direction as well as kicking the ball for 

passing or shooting). While performing these 

skills rugby players must also incorporate visual 

information about other team members and 

opponents (Brault et al., 2010). Hence, rugby 

training necessitates strong visual dependence in 

relation to the ball, opposing players and other 

team members. Based on the specificity of practice 

hypothesis, visual dependency during the 

execution of a motion depends on the individual, 

environment and task (Perrin et al., 2002). 

Similarly, Romero-Franco and colleagues (2012) 

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 performed with 

eyes opened. This dependency on vision has been 

documented in other sports such as surfing 

(Chapman et al., 2008) and soccer (Burfield and 

Fischman, 1990). It was demonstrated that surfers 

had better results at anterior-posterior balance 

when compared with untrained subjects. 

Thereafter, surfers were able to partly transfer 

their static postural control function and were 

able to develop specific balance models 

(Chapman et al., 2008). In contrast, in individual  

 

 

sports such as judo and triathlon, athletes have 

been shown to have less dependency on vision 

(Williams, 2002; Nagy, 2004; Simonson, 2005).  

Since dependence on vision is related to 

the nature of the sport, clarifying the influence of 

the type of activity and the importance of vision 

on changes in balance performance appears to be 

important. Hence, we expected that visual 

dependency, skills and sport activity may be 

related to balance performance in high-level 

athletes. The objective of this study was then to 

compare static balance and the role of vision in 

elite sprinters, jumpers and rugby players. 

Material and Methods 

Subjects  

Twenty-four elite male athletes including 

sprinters, jumpers, and rugby players, members 

of the National athletics and Rugby teams agreed 

to participate in this study. The 3 groups of 

sprinters (21.83 ± 2.72 years; 71.87 ± 7.94 kg and 

179.75 ± 5.25 cm), jumpers (22.91 ± 2.06 years; 

73.37 ± 7.72 kg and 180.50 ± 5.6 cm) and rugby 

players (22.91 ± 2.06 years; 89.25 ± 3.19 kg and 

180.87 ± 2.94 cm) consisted of 8 athletes each. 

None had a history of musculoskeletal, 

neurological, visual or orthopedic disorder that 

might affect their ability to perform balance tests. 

Written informed consent was obtained from all 

players after verbal and written explanation of the 

experimental design and potential risks of the 

study. The research was conducted according to 

the Declaration of Helsinki and the protocol fully 

approved by the Ethics Committee of the National 

Center of Medicine and Science in Sports of Tunis 

before the commencement of the study. All 

athletes were informed that they could withdraw 

from the study at any time without any 

consequences. 

Procedures 

During the familiarization session prior to 

testing, subjects were instructed on the 

administration and recording of the tests as well 

as interview techniques. They were also 

instructed regarding the correct use and 

permitted to practice with the Neuro Com Balance 

Master ® platform. NeuroCom Balance Master ® 

is a computerized sensitive posturography device 

that measures athlete’s responses to the 

movement of a platform on which the subject is 

standing or sitting, then provides computer- 
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generated assessments of the athlete’s postural 

alignment and stability. Test circumstances (e.g., 

room illumination, temperature, noise) were in 

accordance with recommendations for 

posturographic testing (Shumway-Cook et al., 

2000). Following the medical history interview, 

vision (with and without corrective lenses, in poor 

light) and history of dizziness evaluations, 

subjects performed a Modified Clinical Test for 

Sensory Interaction on Balance (mCTSIB). The 

mCTSIB was conducted on the Neuro Com 

Balance Master ® with a sampling frequency of 

100 Hz, which examines postural sway during the 

4 conditions assessed for the mCTSIB: “standing 

on a firm surface with eyes open”, “standing on a 

firm surface with eyes closed”, “standing on a 

foam surface with eyes open”, and “standing on a 

foam surface with eyes closed”. Composite sway 

was the mean sway speed averaged over the 4 

conditions. Each condition was tested 3 times 

with a 1 min rest period between following trials. 

The order of completion of the 4 conditions was 

randomized for all participants. 

Subjects stood straight and still on a force 

platform during three 30 s trials in each of the 4 

conditions. For each condition, the subject's feet 

were placed in the standard position 

recommended by the manufacturer of the Balance 

Master ®. Foot position was monitored 

throughout the test. If foot placement changed, 

the feet were again placed in the correct position. 

The mCTSIB gives 1 set of data collected by the 

computer from the 4 conditions. Data include 

mean center of pressure sway speed (which is 

measured in degrees per second over 30 s) and 

were collected with Neuro Com Balance Master 

®. Software 3.4. We used center-of-pressure (CoP) 

speed for the 4 conditions and composite sway for 

statistical analysis. If the speed of CoP was low  

 

 

 

the subject was considered stable (Winter et al., 

1995).  

Statistical analysis 

Means ± standard deviations [SD] were used 

to describe variables. Before using parametric 

tests, the assumption of normality was verified 

using the Kolmogorov-Smirnov test. The data 

were analyzed using three-factor ANOVA 

(2x2x3). The within-subjects factors were 1) vision 

(eyes opened, eyes closed) and 2) the surface 

(firm, foam), with the between-subjects factors 

being the three groups (sprinters, jumpers, and 

rugby players). If significant main effects or 

interactions were present, a Bonferroni (Dunn) 

procedure was conducted. The effect size was 

calculated for all ANOVAs with the use of a 

partial eta-squared. Values of 0.01, 0.06 and above 

0.15 were considered as small, medium and large, 

respectively (Cohen, 1988). To provide 

meaningful analysis for comparisons from small 

groups, the Cohen’s effect sizes (ES) between 

conditions were also calculated (Cohen, 1988) 

(small < 0.50, moderate = 0.50-0.79 and large > 

0.80). Statistical analysis was performed using the 

SPSS software statistical package (SPSS Inc., 

Chicago, IL, version. 16.0), and statistical 

significance was set at p < 0.05. 

Results 

Results are summarized in Table 1. For static 

balance (mCTSIB), which had a normal 

distribution, the three-factor ANOVA indicated a 

significant main effect of groups (F=21.69, df=2, 

p<0.001, η2 = 0.34). The subsequent Bonferroni-

Dunn post hoc test indicated that the speed of the 

CoP was lower for rugby players than for 

sprinters and jumpers. Rugby players displayed 

better static balance (p=0.001) than sprinters (ES = 

1.02) and jumpers (ES = 1.06).  

 

 

 

Table 1 

Anthropometric characteristics of elite sprinters (n=8),  

jumpers (n=8), and rugby players (n=8) 

Groups Age (years) Body mass (kg) Body height (cm) 

Sprinters 21.83 ± 2.72 71.87 ±7.94 179.75 ± 5.25 

Jumpers 22.91±2.06 73.37± 7.72 180.50 ±5.6 

Rugby players 22.91±2.06 89.25± 3.19* 180.87± 2.94 
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Table 2 

Mean ±SD and 95% confidence intervals of the modified clinical  

test of sensory interaction on balance (mCTSIB) in sprinters, jumpers and rugby players 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Groups Vision Surface 
Mean ± SD 

(m·s-1) 

95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Sprinters 

Opened Eyes 
Firm Surface 0.36 ± 0.17 .21 .51 

Foam Surface 0.81 ± 0.28 .66 .96 

Closed Eyes 
Firm Surface 0.40 ± 0.14 .25 .55 

Foam Surface 1.50 ± 0.15 1.35 1.65 

Total 

Opened Eyes 0.59 ± 0.32 .48 .69 

Closed Eyes 0.95 ± 0.59 .84 1.06 

Firm Surface 0.38 ± 0.15 .28 .49 

Foam Surface 1.16 ± 0.42 1.05 1.26 

Jumpers 

Opened Eyes 
Firm Surface 0.27 ± 0.19 .12 .43 

Foam Surface 0.78 ± 0.38 .62 .93 

Closed Eyes 
Firm Surface 0.43 ± 0.33 .27 .58 

Foam Surface 1.24 ± 0.26 1.09 1.39 

Total 

Opened Eyes 0.53 ± 0.39 .42 .63 

Closed Eyes 0.83 ± 0.51 .73 .94 

Firm Surface 0.35 ± 0.27 .24 .46 

Foam Surface 1.01 ± 0.39 .90 1.11 

Rugby 

players 

Opened Eyes 
Firm Surface 0.20 ± 0.11 .05 .35 

Foam Surface 0.46 ± 0.12 .31 .61 

Closed Eyes 
Firm Surface 0.26 ± 0.09 .11 .41 

Foam Surface 0.79 ± 0.11 .64 .94 

Total 

Opened Eyes 0.33 ± 0.17 .23 .44 

Closed Eyes 0.52 ± 0.29 .42 .63 

Firm Surface 0.23 ± 0.10 .13 .34 

Foam Surface 0.62 ± 0.20 .52 .73 

All athletes 

Opened Eyes 
Firm Surface 0.28 ± 0.17 .19 .37 

Foam Surface 0.68 ± 0.31 .60 .77 

Closed Eyes 
Firm Surface 0.36 ± 0.22 .28 .45 

Foam Surface 1.17 ± 0.35 1.09 1.26 

 Opened Eyes 0.48 ± 0.32 .42 .54 

Total Closed Eyes 0.77 ± 0.50 .71 .83 

 Firm Surface 0.32 ± 0.20 .26 .38 

 Foam Surface 0.93 ± 0.41 .87 .99 
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Table 3 

The main effect of vision, surface, groups and interaction on balance. 

 

Source  
Mean  

Estimate 
 F Sig. 

Partial 

Eta Squared 

Groups 

Sprinters 0.77 21.69 .001 .34 

Jumpers 0.68    

Rugby players 0.43a    

Vision 
Opened Eyes 0.48b 43.20 .001 .34 

Closed Eyes 0.77    

Surface 
Firm Surface 0.32c 193.41 .001 .70 

Foam Surface 0.93    

Groups * Vision  1.29 .282 .03 

Groups * Surface  6.63 .002 .14 

Vision* Surface  21.79 .001 .21 

Groups * Vision * Surface  1.94 .151 .04 

 

a = significant better static balance than sprinters and jumpers;  

b= better static balance with opened eyes. c = better static balance with firm surface. 

 

 

 

The comparison of sprinters and jumpers did 

not reveal significant differences (p>0.05) (Table 

2). The analysis revealed significant main effect of 

vision (F=43.20, df=1, p<0.001, η2 = 0.34). Static 

balance was better when athletes performed the 

test with open eyes than with eyes closed 

(p<0.001, ES = 0.90). There was no interaction 

between vision and the three groups (F=1.29, df=2, 

p>0.05, η2 = 0.03). Significant main effect was also 

observed in surface (F=193.41, df=1, p<0.001, η2 = 

0.70). Static balance was better when athletes 

performed tasks on the firm surface than on the 

foam surface (p<0.001, ES = 3.09). There was an 

interaction between surface (firm and foam) and 

three groups (F=6.363, df=2, p=0.002, η2 = 0.0.14). 

Furthermore, there was an interaction between 

vision (eyes open, eyes closed) and surface (firm 

and foam) (F=21.79, df=1, p=0.001). No interaction 

between vision versus surface and groups was 

observed (F=1.94, df=2, p>0.05). 

Discussion 

Some research suggests that superior 

performance among experienced athletes is  

 

largely the result of repetitive training experiences 

that influence motor responses and not the greater 

sensitivity of the vestibular system (Balter et al., 

2004). Others argue that superior balance and 

performance is the result of training experiences 

that influence a person’s ability to attend to 

relevant proprioceptive and visual cues (Ashton 

et al., 2001). Although the idea that sport 

involvement improves balance is not new, our 

study extends this knowledge to particular sports 

and suggests that specific sensorimotor 

challenges, rather than just general sport activity, 

are important for the development of optimal 

balance.  

Sprinters and jumpers demonstrated 

inferior static balance compared with rugby 

players. Rugby is a contact sport that necessitates 

an internal control of equilibrium when 

attempting to maintain balance while being hit by 

opponents (Brault et al., 2010). Rugby 

players must efficiently integrate internal 

(proprioception and vestibular systems) and 

external (visual) cues to achieve success (Brault et 

al., 2010). In contrast to jumpers and sprinters,  
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rugby players must be able to maintain balance 

despite sudden changes of direction and impacts. 

In order to achieve it, rugby players would need 

to lower their centre of gravity, which requires a 

body reorientation strategy, that could decrease 

their balance potential (Sayers et al., 1999). In 

duels such as an attacker vs. a defender in rugby, 

successful body orientation/reorientation 

strategies are essential for successful balance 

performance (Brault et al., 2010). Similarly, 

players should be able to analyze game situations 

and select correct options, think ahead, predict 

with certainty what will happen from set 

attacking and defensive plays. They need to 

continuously process information very rapidly 

and combine several highly skilled tasks in order 

to bring about the desired outcome while 

maintaining balance (Wismentel et al., 2002).  

So, practicing rugby seems to elicit long-

term improvements in postural control. 

Additionally, recent studies have reported that 

elite athletes showed a greater “neural efficiency” 

than non-athletes, as a result of the practice of 

these sports (Filingeri et al., 2012; Juras et al., 

2013). Paillard and colleagues (2002) did not 

observe any significant difference between the 

postural performances of two groups of judo 

athletes at different levels of competition when 

testing subjects with a classical bipedal standing 

task. These authors showed that judo athletes at 

the highest level of competition were more 

dependent on visual information to control their 

posture. Sirmen and colleagues (2008) compared 

the values of dynamic and static balance of karate 

and water polo athletes. Karate athletes were 

found to have a better balance pattern towards 

left backwards when compared with water polo 

athletes.  

Furthermore, the absence of vision 

significantly disturbed postural control for all 

groups of athletes, as observed previously with 

many other sports such as shooting, judo, ballet 

dancing, and gymnastics (Perrin, 2002; Paillard, 

2002). Our results showed that closing eyes 

increased postural sway in all groups of athletes. 

This finding could be explained by the fact that 

postural regulation developed in terms of visual 

control with sport training is not always 

transferable to upright stance situations (Asseman 

et al., 2004). Vuillerme and Nougier (2004) 

conducted tests on athletes from a variety of  

 

 

sports (e.g. gymnastics, football, handball) while 

they were tested with three different postural 

balance tests; one foot, both feet and one-foot on 

the mat. There were no significant differences 

between groups with eyes opened. However, it 

was observed that gymnasts demonstrated better 

results during eyes closed postural balance 

measurements. In this context, Smith and 

colleagues (2012) stated that exercises such as 

standing on unstable surfaces with eyes open 

instead of eyes closed and head back were more 

beneficial to the children's postural stability 

control system. In contrast, it was demonstrated 

that higher visual dependency increases balance 

control perturbation during cognitive task 

fulfillment with high-level athletes (Slobounov et 

al., 2006). Romero-Franco and colleagues (2012) 

studied the effect of a proprioceptive training 

program on center of gravity control in sprinters 

and stated that improvement in balance was 

accomplished when exercises were performed 

with eyes opened. This statement is consistent 

with our results with all subjects relying on vision 

for maintaining their balance. For postural 

regulation, the reliance on visual cues increases 

for all groups demonstrating the role of vision for 

maintaining better balance in athletes. These 

findings are consistent with the literature (Perrin, 

2002; Simmons, 2005; Williams, 2002; Harringe, 

2008). Their studies found that if during task 

performance the visual cues are deleted, motor 

control would be at risk. Thereafter the loss of 

visual cues, will significantly affect motor control. 

Hallemans and colleagues (2009) found significant 

differences in sway with eyes opened and closed 

and stated that visual deprivation affects 

locomotion in both adults and children. These 

observations support the hypothesis that gait 

adaptations in situations of visual deprivation are 

related to balance problems. There seems to be a 

unique set of visual skills that are common 

to athletes in certain sports. In addition, visual 

performance measures vary between sports at the 

Olympic level. The ability to identify the visual 

needs for an athlete who wishes to participate in a 

given sport, and to correct any deficits an athlete 

may have, could lead to more success, at both elite 

and amateur levels (Portal et al., 1998). So, for 

maintaining good balance, it is necessary to 

include specific workouts containing exercises 

practiced with eyes opened and closed to restore  
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specific motor skills likely to correct postural 

adjustments and to make decisions about tasks 

and sensory availability during assessment and 

training. However, with regard to the present 

study, it could be stated that a longer time 

acquisition than 30 seconds and a greater number 

of participants may have provided greater 

significant interaction results. The present 

duration and population sample size may have 

limited our ability to interpret and apply the 

results to a greater population. 

Conclusion 

Our data show that sprinters, jumpers 

and rugby players differ in terms of static balance. 

Rugby players displayed better static balance 

compared with sprinters and jumpers. The nature 

of the sport practiced and the absence of visual 

control are linked to modify static balance in elite 

athletes.  

 

 

For practical purposes, the results of this 

study will be of benefit to the practitioners 

seeking to identify postural profile and the 

importance of vision in sport performance. 

Coaches and strength and conditioning 

professionals are recommended to use a variety of 

exercises to improve balance, including both 

exercises with opened and closed eyes on 

progressively challenging surfaces in order to 

make decisions about tasks and sensory 

availability during assessment and training. This 

finding is important to make an appropriate 

adjustment for balance performance 

enhancement, in addition to traditional metabolic 

conditioning. It allows us to better test and 

monitor high level athletes requiring different 

skills and to evaluate the possible effects of 

training in elite athletes. Similar studies should be 

conducted on youth athletes. 
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