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Abstract. Regarding the process of development of young athletes, our primary focus is their health. It is 

widely recognized that a significant injury can slow down the process of development in the best-case scenario, 

or prematurely end an athlete’s career, in the worst-case scenario. The nature of football introduces a heightened 

risk of injuries due to its dynamic and unpredictable characteristics.  In order to optimize our efforts in the process 

of preventing these injuries, we believe that the best practice is to understand the pillars on which performance 

in football is based, and adapt our training plans and sessions to address particular weaknesses. The two pillars 

that need our full attention are strength and balance. To pinpoint the vulnerabilities of young athletes, we 

employed two devices to measure both balance and strength in each athlete. A total of two tests were conducted 

for each athlete, measuring maximal power in the lower body, dynamic balance from one foot to the other, limb 
asymmetry in terms of muscle strength, and dynamic balance. The study confirmed that neuromuscular control 

has a key role in the effective utilization of power by the athlete, as in the dynamic balance test, football team B 

used less power and recorded (at the same time) a lower limb asymmetry score than team A.  
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Introduction 

 

”In order to create good adult athletes, it is of primary importance that attention is paid to a 

complete and harmonic development of motor abilities at early ages, above all concerning the 

specific age-related ones in each phase of the athlete’s body development” (Ricotti, 2011).  

The most popular sport in the world, football, is also one of the most loved sports in 

Romania. According to the Romanian Football Federation, in 2020 there were over 300.000 

players signed up in a wide variety of organised competitions, from grassroots and amateur to 

professional players. 

”Football is one of the sports that takes place with a very fast rhythm” according to Khuddus 

(2017). In order to sustain such an effort over the years, the athletes must acquire a complex 
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set of motor skills, which will help them maintain their health and perform better in 

competitions.  

"Physical condition is a necessary requirement in improving athlete performance, and can 

even be considered a basic need that cannot be postponed or negotiated,” according to Hanief 

et al. (2017). Scheunemann (2012) has stated that "the physical condition components of 

football players are speed, strength, endurance, flexibility, accuracy, power, coordination, 

reaction, balance, agility". For this study we have chosen to talk about strength and balance, as 

these two are key factors in reducing the risk of injury and enhancing performance (as 

emphasized below). 

Balance performance plays a fundamental role in many athletic activities and the ability of 

postural control may designate successful performance during competition (Adlerton et al., 

2003). According to Jadczak et al. (2019), football players participating at a professional level 

(PRO group) exhibit superior balance, which may indirectly contribute to injury prevention 

and increased efficacy in any game-related actions. 

In the context of a football match, football players frequently perform lower extremity skills 

such as passing, shooting, and dribbling while wearing football cleats on a grass field (Orchard, 

2002). Given this, we agree that players must maintain their balance while being impeded by 

the opposing team and trying to secure the ball (Gerbino et al., 2007). 

Postural proficiency can be considered a performance or skill criterion in specific conditions 

of football (Paillard et al., 2006). It requires unipedal balance to perform different technical 

movements such as shooting, dribbling, and passing, the balance in the supporting leg being 

essential to shoot as accurately as possible (Paillard et al., 2006). Football players use one leg 

as support when kicking the ball and being in possession of the ball (Adlerton et al., 2003; 

Kellis et al., 2001) and have better one-legged stance stability (Matsuda et al., 2008). 

Balance performance can be developed through strength, flexibility, aerobic and anaerobic 

training (Judge et al., 1993; Messier et al., 2000; Shintaku et al., 2005). Over the years, authors 

have stated that the ability to effectively maintain balance is based on physical fitness factors 

such as muscular strength and anaerobic capacity (Era & Heikkinen, 1985). It has been reported 

that students with high muscle strength have better balance (Pant et al., 2006). The power 

generated during football-specific activities depends on the strength of muscles performing the 

movements (Reilly et al., 2000). 

In football, the quadriceps plays an important role in sprinting, jumping, and ball-kicking 

(Lehance et al., 2009), with the hamstrings assisting the anterior cruciate ligament in preventing 

anterior traction forces as well as decelerating the leg prior to full extension and thus, limiting 

overextension of the knee (Coombs & Garbutt, 2002). The hamstring strength is extremely 

important in football players for joint stabilization during various tasks, notably in eccentric 

action. Moreover, short-sprinting execution may mirror actual game situations at high level 

and could be an important determinant of match-winning actions (Cometti et al., 2001). 

Hamstrings and quadriceps strength deficits and asymmetries have been identified as 

important parameters in the prevention of knee and hamstring injuries in football (Lehnert et 

al., 2014, Ruas et al., 2015, Ardern et al., 2015).  

Between-limb strength asymmetries are reportedly more common in high-level youth 

football players compared to professional players (Lehance et al., 2009). Between-limb 
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strength asymmetries greater than 10% have been associated with increased risk of knee injury 

in football players (Fousekis et al., 2010; Daneshjoo et al., 2013). 

Limb strength asymmetries have been found to be more common in high-level youth soccer 

players compared to professional players (Lehance et al., 2009). Limb strength asymmetries 

above 10% have been associated with an increased risk of knee injury in football players 

(Fousekis et al., 2010; Daneshjoo et al., 2013). 

Therefore, strength and balance play a very important role in football performance and 

injury prevention. It is important for coaches at the juvenile level to pay enough attention to 

these motor skills while developing the technical and tactical aspects of the game.  

 

Methodology 

 

Research question 

 

     What are the dynamics of muscle strength, and the dynamic balance in football players 

competing in the Romanian U16 Elite League?  

 

Participants 

 

The study involved 38 players, selected from two different academies, and competing in the 

U16 Elite League, the highest competition at this level in Romania. The players were divided 

into 2 groups, according to their teams – Team A comprised 18 players, and Team B comprised 

20 players. All the players had at least 9 years of football-playing experience, and all of them 

were training according to their coach’s instructions. None of the players were doing any extra 

workout at the time of testing. 

 

     Measures 

 

For this study we used 2 different measurement systems, namely Optojump and Desmotec, 

to measure maximal power in the lower body, dynamic balance from one leg to the other, limb 

asymmetry in terms of muscle strength, and dynamic balance.  

Using the Optojump, we conducted the “Ski test,” which is a dynamic balance test. This test 

was carried out with both legs parallel to the bars, jumping sideways from one leg to the other 

for 15 seconds. The test provided parameters including contact time, flight time, height of the 

jumps, power of each jump, limb asymmetry in terms of dynamic balance, and reactive strength 

index. The reactive strength index is derived from the height achieved in a depth jump and the 

time spent on the ground developing the forces required for that jump, according to McClymont 

(2008). The primary aim of this test is to measure the dynamic balance from one leg to the 

other, and limb asymmetry in terms of dynamic balance. 

With the Desmotec, we conducted the “Max Power test,” involving a series of 10 squats 

with a flywheel. Before the test started, each subject did an accommodating set of squads. This 

test quantifies, in Watts, the maximum, average and standard deviation for both concentric and 
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eccentric power generated by the athlete. Additionally, it indicates the presence of limb 

asymmetry in terms of muscle strength.  

 

Procedure 

 

Participation in the research was voluntary, with a commitment to maintaining anonymity 

and adhering to international ethical recommendations regarding the absolute confidentiality 

of both the collected data and the participants’ anonymity and security. No identification data 

such as name, phone number or email address were solicited. Participants could withdraw from 

the study at any point without facing negative consequences. The tests were conducted under 

the supervision of specialized professionals trained to use the equipment. 

The two groups of athletes were tested on two separate days, and they all followed the same 

protocol: a 5-minute warmup in their training clothes, followed by the Optojump and 

concluding with the Desmotec. All tests were conducted in silence, thus allowing each 

participant to concentrate and perform optimally.  

The international ethical guidelines were respected, ensuring that participants provided 

informed consent, and measures were taken to guarantee the anonymity and confidentiality of 

the collected data (Descombe, 2014; Predoiu, 2020). 

 

Results 

 

To have a better understanding of the results, we find it beneficial to compare the two teams, 

considering they had different coaches. We will refer to them as TEAM A and TEAM B. 

The first test to interpret will be the Ski test, as we believe that in order to generate greater 

power it is important to have better balance.  

 

Table 1. Independent Samples t Test – Ski Test 

 

 Levene’s Test for 
Equality of Variances 

T-Test for Equality of Means 

F Sig. t df Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval 
of the Difference 
Lower Upper 

Power Equal 
variances 

assumed 

.88 .354 3.70 37.00 .001 2.06 .56 .93 3.19 

 Equal 
variances not 
assumed 

  3.69 35.26 .001 2.06 .56 .93 3.19 

 

Table 1 presents a comparison of the average power generated in the dynamic balance test 

by the two teams. The statistical significance of the mean difference was analysed using the 

Independent Samples t Test. The results corresponding to p<0.05 indicate a significant 

difference between the average scores of the two teams.  
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Table 2. Descriptive data for Team A - Ski Test 

 

Ski Test Arithmetic 

mean 

Standard 

deviation 

Coefficient of 

variation 

Minimum Maximum 

Power 9.46 1.88 19.88 6.35 13.1 

Limb Asymmetry 16.43 18.48 112.5 0.1 57.7 

Pace 0.97 0.21 21.98 0.74 1.63 

RSI 0.13 0.04 35.9 0.06 0.25 

 

For Team A, in the Ski Test, the average power is 9.46, the average limb asymmetry is 

16.43%, the average pace is 0.97 and the average RSI (reactive strength index) is 0.13. 

 

Table 3. Descriptive data for Team B - Ski Test 

 

Ski Test Arithmetic 

mean 

Standard 

deviation 

Coefficient of 

variation 

Minimum Maximum 

Power 7.4 1.58 21.4 4.45 10.63 

Limb Asymmetry 10.73 11.25 104.92 0 48 

Pace 1.32 0.19 14.95 1.03 1.83 

RSI 0.11 0.04 35.81 0.05 0.19 

 

For Team B, in the Ski Test the average power is 7.4, the average limb asymmetry is 

10.73%, the average pace is 1.32, and the average RSI is 0.11. 

Comparing the two teams in terms of power we find that the size effect is 1.19, and 

according to Cohen there is a very marked difference between the two teams. As we can see in 

Table 2 and Table 3, in average, Team A generated more power and has a slightly higher RSI 

score in the dynamic balance test, while Team B has a higher pace score and a lower limb 

asymmetry score in the Ski test. Team B has a better dynamic balance because it has a lower 

score in the limb asymmetry parameter and a higher score in the pace parameter, while the RSI 

difference is not significant statistically. 

 

 
             Note: RSI = reactive strength index 

 

Figure 1. Ski test – team results 
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Next, we will look at the Max Power test, because we believe that the team with better 

balance should develop better power. 

 

Table 4. Independent Samples t Test – Concentric Max Power Test 

 

 Levene’s Test for 
Equality of Variances 

T-Test for Equality of Means 

F Sig. t df Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval 
of the Difference 

Lower Upper 

Concentric 

Power 

Equal 

variances 
assumed 

.00 .97 -2.56 36.00 .015 -159.93 62.55 -286.79 -33.08 

 Equal 
variances 
not assumed 

  -2.55 35.39 .015 -159.93 62.63 -287.03 -32.84 

 

In Table 4, we compare the average concentric power obtained by both teams. The statistical 

significance of the mean difference was analysed using the Independent Samples t Test. The 

results corresponding to p<0.05 indicate a significant distinction in the average score of the 

two teams. 

 

Table 5. Independent Samples t Test – Eccentric Max Power Test 
 

 Levene’s Test for 
Equality of Variances 

T-Test for Equality of Means 

F Sig. t df Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference 

95% Confidence Interval 
of the Difference 
Lower Upper 

Eccentric 
Power 

Equal 
variances 

assumed 

1.81 .187 -2.71 36.00 .010 -155.89 57.59 -272.69 -39.09 

 Equal 
variances not 
assumed 

  -2.73 35.91 .010 -155.89 57.10 -271.71 -40.07 

 

In Table 5, we compare the average eccentric power obtained by the two teams. The p value 

= 0.010, emphasizing a significant difference between the average score of the two teams. 

 

Table 6. Descriptive data for Team A – Max Power Test 

 

Max Power Test Arithmetic 

mean 

Standard 

deviation 

Coefficient of 

variation 

Minimum Maximum 

Max Conc 518.66 194.89 37.57 160 858 

Max Ecc 538.61 162.03 30.08 272 936 

Avg Conc 373.55 156.62 41.92 100 647 

Avg Ecc 368.83 139.54 37.83 144 670 

Limb Asymmetry 5.5 3.58 65.18 0 13 
Note: Max Conc = the best repetition for concentric power; Max Ecc = the best repetition for eccentric power; Avg Conc= the mean of 10 

repetitions for concentric power; Avg Ecc= the mean of 10 repetitions for eccentric power. 
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For Team A in the Max Power Test the average Max Conc is 518.66, the average Max Ecc 

is 538.61, the Avg Conc is 373.55, the Avg Ecc is 368.83, while the average Limb Asymmetry 

is 5.5%.  

 

Table 7. Descriptive data for Team B – Max Power Test 

 

Max Power Test Arithmetic 

mean 

Standard 

deviation 

Coefficient of 

variation 

Minimum Maximum 

Max Conc 678.6 190.37 28.05 372 1119 

Max Ecc 694.5 189.85 27.33 430 1010 

Avg Conc 534.4 160.02 29.94 292 894 

Avg Ecc 520.35 141.96 27.28 339 781 

Limb Asymmetry 3.25 1.97 60.62 0 7 
Note: Max Conc = the best repetition for concentric power; Max Ecc = the best repetition for eccentric power; Avg Conc= the mean of 10 

repetitions for concentric power; Avg Ecc= the mean of 10 repetitions for eccentric power. 

 

For Team B in the Max Power Test the average Max Conc is 678.6, the average Max Ecc is 

694.5, the Avg Conc is 534.4, the average Avg Ecc is 520.35, while the average Limb 

Asymmetry is 3.25%.  

Comparing the two teams in terms of concentric power and eccentric power, we notice that 

the effect sizes are 0.82 and 0.87, and according to Cohen there is a significant difference 

between the two teams. An analysis of the data presented in Table 6 and Table 7 reveals that 

Team B generated more power than Team A in terms of concentric and eccentric power, and 

has a lower score in terms of limb asymmetry. Examining the data from the perspective of 

injury prevention, we observe that the values for concentric and eccentric power within the 

same team are very close. The concentric movement is associated to the hamstring muscles and 

the eccentric movement is associated with quadriceps muscles (Arsenis et al., 2021). As 

emphasized by the mentioned researchers, in sports performance and injury prevention it is 

crucial to have a balance of power between the hamstrings and the quads.   

 

 
                Note: Max Conc = the best repetition for concentric power; Max Ecc = the best repetition for eccentric power;  

                Average Conc= the mean of 10 repetitions for concentric power; Average Ecc= the mean of 10 repetitions for eccentric power. 

 

Figure 2. Max Power test – team results 
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In order to gain a better understanding of the quality of movement, we will analyse the Max 

Power test in terms of individual results. This entails assessing how many athletes from each 

team achieve higher results on each variable. 

 

Table 8. Max Power test – individual results 

 

Variables Team A Team B 

Average Conc 5 6 

Average Ecc 8 7 

Limb Asymmetry 13 7 

 

Table 8 presents individual results for each team, illustrating the number of players from 

each team who achieved results higher than the average result of the team, for each parameter. 

For the average conc and average ecc, a higher score means a better result, but in the case of 

limb asymmetry, a higher score implies poorer performance. 

Upon analysing the individual results of each team, it becomes apparent that Team A has 

more players with limb asymmetry in terms of muscle strength compared to Team B. This limb 

asymmetry can indicate a heightened risk of injury as well as lower performance because the 

stronger leg may sustain excessive stress due to high dependence and loading, whereas the 

weaker leg may struggle to sustain even average loads, according to Ford et al. (2003). 

Comparing these two tests (Ski test and Max Power test), we see that the common variable 

is the limb asymmetry, which showed better results in favour of Team B in both tests. In terms 

of power developed in the Max Power test, Team B had better results, while in the Ski test, 

Team A had better results. The difference between these two variables is that in the Max Power 

test we assess the maximal power developed, whereas in the Ski test we analyse the power in 

dynamic balance mode. In this case, higher values for the power in dynamic balance does not 

mean having better results. On the contrary, it may indicate reduced control over the body 

movement.  

 

Discussion and Conclusion 

 

According to Aminudin and Liskustyawati (2020) „the physical condition component of leg 

muscle strength, hip joint flexibility and dynamic balance greatly influence the improvement 

of ball shooting accuracy”, which will help increasing the performance capacity in football.  

According to Booysen et al. (2015,) power continues to show a significant correlation with 

the dynamic balance performance, particularly when evaluating the non-dominant leg as the 

stance leg in male football players. The ability to swiftly and forcefully engage the muscles 

responsible for leg extension could potentially enhance a footballer's capacity to execute 

optimal balance strategies. These strategies may necessitate a certain level of power to assist 

in managing torque demands when the player adjusts their centre of mass to maintain balance 

during actions such as shooting or passing.  
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According to Wisloff et al. (2004) „elite soccer players should focus on maximal strength 

training, with emphasis on maximal mobilisation of concentric movements, which may 

improve their sprinting and jumping performance.” 

In order to statistically analyse the results from both teams, we employed the Independent 

Samples t Test. The findings indicate a significant difference in the average scores regarding 

the power developed by the two teams across both tests. In the Ski test, which is a dynamic 

balance test, Team A registered a higher score for power than Team B, although in the Max 

Power test Team B registered a higher score for eccentric power than Team A. The results 

obtained (considering the values for limb asymmetry, too) indicate that Team B has a better 

neuromuscular control, which leads to better results in these tests.  

Further research is necessary to explore the extent to which neuromuscular training adapted 

to the sport’s specifics during younger ages can enhance performance and prevent injuries. 

Additionally, careful consideration is required regarding the timing of neuromuscular training 

sequence. Should it be integrated during preseason, or would a weekly schedule be more 

beneficial? In our vision it will benefit the teams and the athletes if we schedule a week of 

neuromuscular control training in the preseason, and add also neuromuscular control sequences 

in the warm ups at least three times a week throughout the year. These potential benefits await 

validation through future studies. 
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