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Abstract. The aim of this study was to investigate the relationship between eccentric hamstring muscle strength and acceleration and 
vertical jump in professional female soccer players. Twentieth professional female soccer players actively playing soccer participated 
in the study voluntarily with age (arithmetic mean±standard deviation) 18.31±5,97. The NORDBORD device was used to measure 
the participants' hamstring eccentric force output, the Smartspeed™ Contact Mat was used for vertical jump performance and the 
FUSIONSPORTS Smartspeed™ PRO photocell (Fusion Sport, Queensland, Australia) was used for 0-20m sprint performance meas-
urements. When the relationship between eccentric hamstring strength parameters, vertical jump and sprint performance of the par-
ticipants was analyzed, no significance was found. It is seen that there is a negative relationship between VJ and 0-5m at a moderate 
level (r=-586, p=.022) and a negative relationship between VJ and 0-20m at a high level (r=-.793, p=-.000). Since the studies exam-
ining the relationship between Hamstring Strength and Sprint performance are limited in number, it is not possible to reach a definite 
conclusion, more comprehensive and more studies are needed. 
Key words: Hamstring, Eccentric, Sprint, Acceleration, Vertical Jump, Football players.  
 
Resumen. El objetivo de este estudio fue investigar la relación entre la fuerza excéntrica de los músculos isquiotibiales y la aceleración 
y el salto vertical en jugadoras de fútbol profesionales. Participaron voluntariamente en el estudio vigésimas futbolistas profesionales 
que practicaban activamente fútbol con una edad (media aritmética ± desviación estándar) de 18,31 ± 5,97. Se utilizó el dispositivo 
NORDBORD para medir la producción de fuerza excéntrica de los isquiotibiales de los participantes, la estera de contacto Smarts-
peed™ se utilizó para el rendimiento del salto vertical y la fotocélula FUSIONSPORTS Smartspeed™ PRO (Fusion Sport, Queensland, 
Australia) se utilizó para Mediciones de rendimiento en sprints de 0 a 20 m. Cuando se analizó la relación entre los parámetros de 
fuerza excéntrica de los isquiotibiales, el salto vertical y el rendimiento de sprint de los participantes, no se encontró significancia. Se 
observa que existe una relación negativa entre VJ y 0-5m en un nivel moderado (r=-586, p=.022) y una relación negativa entre VJ y 
0-20m en un nivel alto (r=-.793 ,p=-.000). Dado que los estudios que examinan la relación entre la fuerza de los isquiotibiales y el 
rendimiento en el sprint son limitados en número, no es posible llegar a una conclusión definitiva; se necesitan más estudios y más 
exhaustivos. 
Palabras clave: Isquiotibial, Excéntrica, Sprint, Aceleración, Salto vertical, Jugadoras de futbol. 
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Introduction 
 
A review of the major soccer leagues around the world 

has shown that sprint distance, ball speed and the number 
of sprints per match have increased in recent years (Barnes 
et al., 2014; Wallace et al., 2014). Sprinting, and more spe-
cifically sprint acceleration, is an important component of 
performance in many sports such as athletics, soccer and 
rugby (Stølen et al., 2005). These high-intensity moments 
(e.g., very short sprints) occur at decisive moments, such 
as tackles, offensive or defensive actions, and have the po-
tential to significantly influence the outcome of competi-
tions (Faude et al., 2012; Sasaki et al., 2015). In every 
sport, the maximum rate of acceleration occurs in the early 
stages of sprinting (Akenhead et al., 2013; Standing & 
Maulder, 2017). From this information, it is possible to 
conclude that the capacity to reach higher speeds over very 
short distances (e.g. ≤ 5-m) is a critical component in 
achieving success (Barnes et al., 2014; Bush et al., 2015; 
Faude et al 2012, Di Salvo et al., 2009).  

The current trends in the practice of sports training spe-
cific to football, focus on the integrated approach to sports 
training by combining the momentum exercises with those 
specific to CMJ, unilateral and bilateral (Magallanes, 2022). 

The sports training programs require coaches to design ex-
ercise programs, correlated with the sports particularities 
and with the latest recommendations derived from scien-
tific research in the field (Firmansyah, et al. 2023; Fonseca 
et al., 2021).  

From a mechanical perspective, increased eccentric 
hamstring force and neuromuscular activity can improve 
sprint performance. Several studies have demonstrated the 
important role of the hip extensors (gluteal and hamstring 
muscles) in running performance (Wiemann & Tidow, 
1995; Bartlett et al., 2014; Schache et al., 2014). This is 
because in sprint mechanics, the hamstring muscles decel-
erate knee extension in the swing phase and then generate 
horizontal forces through hip extension in the stance phase 
(Morin et al., 2015; Miras Moreno, 2020). Gains in eccen-
tric hamstring strength induced by various exercise modal-
ities have previously shown promising effects on sprint per-
formance in soccer players (Askling et al., 2003; Men-
diguchia et al., 2015). Accelaration is the first 10 meters of 
sprinting activity (Hewit et al., 2011; Little, 2005.) In ad-
dition, research using other methods to increase eccentric 
hamstring strength has indeed reported improvements in 
jump and sprint performance (de Hoyo et al., 2015; Malek 
et al., 2024). Jumping ability has also been associated with 
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sprinting performance (Wisloff et al., 2004, Kukric et al., 
2022).  

The technique of the football game consists of sometimes 
sudden changes of direction, sprints and vertical jumps that 
involve an eccentric and concentric effort in the muscles of 
the lower limbs (Buhry et al., 2022, Badau et al., 2018). The 
isokinetic elements in making the vertical jumps, specific to 
the football game, performed at speed, assume an almost 
maximum muscle strength, due to the load and the dynamics 
of the movement (Badau & Badau, 2022; Soyal et al., 2023). 
According to the specialists, the following are involved in the 
vertical jump: the strength of the leg muscles, the speed of 
muscle force generation, the speed of contraction, the intra-
muscular coordination and the efficiency of the muscle 
stretching-shortening system (Zileli & Söyler, 2021). The im-
provement of vertical jump values, both in team and individ-
ual sports, is determined by the specific methodology applied 
in accordance with the motor level of the athletes and the 
specific demands of the practiced sport (Badau et al., 2018; 
Bishop et al., 2021). In practice, the specialists in physical 
training specific to football, with an emphasis on the 
development of the strength of the lower segments and the 
improvement of plyometrics, the emphasis is mainly achieved 
by a dominance of load control, with positive effects, if it 
involves an individualization according to the potential of 
each athlete (Falces-Prieto et al., 2021).  

However, studies investigating the effect of Hamstring 
Eccentric Muscle Strength on acceleration performance are 
lacking. The aim of this study was to investigate the effect of 
hamstring eccentric muscle strength on acceleration and ver-
tical jump performance in professional female soccer.  

 
Material and Method 
 
Participants  
20 female soccer players actively playing in the 2nd Turk-

ish women's soccer league participated in the present study. 
The female subjects included in the study had an average age 
of 18.31, with an average height of 1.59 m and an average 
body weight of 48.8 kg. After the individual questioning, all 
the athletes of the study show a dominant right foot. Inclusion 
criteria: to be legitimized at the level of the II football league, 
healthy, without injuries. Before performing the tests, all sub-
jects were informed about the testing procedure, giving their 
verbal consent to participate voluntarily.  

 
Study design 
A cross-sectional study design was used in this study, fol-

lowing the evaluation of certain parameters of the vertical 
jump in professional female soccer athletes. All methods 
were explained to all participating individuals. The soccer 
players performed 10 minutes of dynamic lower and upper 
extremity warm-up exercises as a team before the tests.  

 
Data Collection Tools  
The following devices were used in the present study: 

Vertical Jump Test - SmartSpeed Contact Mat (Reeve & 
Tyler, 2013) was used to measure vertical jump parame-
ters. In the test, the athlete was asked to make the highest 
upward jump in a half-squat position (knee angle 90°) with 
hands on waist. It was evaluated using the average of the 
two best measurements.  

NORDBORD Test- have recently developed a new field-
testing device for the assessment of hamstring eccentric 
strength (Opar et al. 2013), called Nordbord, based on the 
widely used Scandinavian hamstring exercise. The Nord-
bord allows the assessment of maximum eccentric knee 
flexor force (i.e. the force in Newtons captured by load 
cells used as a measure of force) and inter-limb imbalances 
in a short period of time. Assessment of eccentric ham-
string force was evaluated using a NordBord device (Vald 
Performance, Newstead, Australia) sampling at a fre-
quency of 50 Hz. Parameters targeted by the use of the 
NordBord device were: the maximum force of the right 
leg (R max Force), the maximum force of the left leg (L 
max Force), respectively the arithmetic average of the 
force for the right leg (R Average Force) and the left leg 
(L Average Force), as well as the asymmetry (%). Testing 
the asymmetry between the executions with the right and 
left legs, involves performing a Counter Movement Jump 
(CMJ) initially on two legs and then on each leg, for the 
accuracy of the testing that takes into account two param-
eters: force absorption and force production, the limit of 
which is < 10% difference between L and R (VALD 
Performance,2022; Van den Tillaar et al., 2017).  

Smart Speed 0-20 Meter Sprint Test - to determine accel-
eration, the entire FUSIONSPORTS Smartspeed™ PRO 
photocell (Fusion Sport, Queensland, Australia) was used, 
which was designed with a gate at 5 meter intervals in a 
20 meter area, and for acceleration, it was recorded the 
result in the first 10 meter sprint. Each player performed 
two trials and the highest value was taken as reference 

(Coș an et al., 2002) 
 
Statistics Analysis  
The data obtained from the research were analyzed us-

ing SPSS 22.0 software aiming at the following parame-
ters: arithmetic means (X), standard deviation (SD), Var-
iance and Kurtosis. Simple Linear Regression Analysis and 
Pearson Correlation Analysis was used to examine the re-
lationship between variables. The strength of the 
correlation was determined based on the value of r: r ≤ 
0.1, trivial; 0.1 < r ≤ 0.3, small; 0.3 < r ≤ 0.5, medium; 
0.5 < r ≤ 0.7, large; 0.7 < r ≤ 0.9, very large; and r > 
0.9, almost perfect (Cohen, 1988).  

 
Results  
 
In Table 1, the arithmetic means of the main parame-

ters recorded in the applied tests are presented, and when 
interpreting the results, we referred to the minimum and 
maximum values that were not presented in the table.

Table 1.  
Centralizer of results recorded in applied tests 
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Tests Parameters X SD Variance Kurtosis 

Smart Speed 0-20 Meter Sprint Test 

Acceleration 0-5m (m/s) 1.078 .073 .006 -.840 

Acceleration 0-20 (m/s) 3.374 .180 .035 -.337 

Acceleration 0-10m (m/s) 2.220 .136 .019 1.451 

Vertical Jump Test VJ (cm) 3.238 5.245 33.551 .446 

 

 
NORDBORD Test 

L Max Force (N) 223.716 47.618 2362.193 -.209 

R Max Force (N) 240.950 46.926 2464.858 -.578 

L Average Force (N) 215.875 45.796 2166.874 -.973 

R Average Force (N) 222.270 42.238 1915.296 -.739 

Assymetry (%) 6.862 6.668 43.943 .476 

X- Arithmetic mean, SD- Standard deviation, VJ-Vertical jump 

 
The minimum values recorded for acceleration were: 

for 0-5m, 0.94m/s playing as a forward, 0-10m, 2.05m/s 
playing as a stopper and at 0-20m, 3.00m/s an attacking 
player. The maximum values were: 0-5m, 1.18m/s a 
player on the stopper position, 0-10m, 2.56m/s center 
player, respectively at 0-20m, 3.70m/s also center player. 
It is found that the players in the center line have a capacity 
to accelerate below those who play in the attack line and 
take over the ball. In the VJ parameter, the minimum value 

was 20.12 for center players and the maximum value was 
41.55cm, forward. For the maximum strength of the right 
leg: minimum 160 for the stopper position and maximum 
302(N) for the defender position. For the left foot, mini-
mum 161, midfield player, maximum 299 defensive player. 
The asymmetry falls within optimal parameters <10% dif-
ference between L and R. Kurtosis values fell between -
.840 and 1.451, which indicates a normal distribution of the 
data (Table 1). 

 
Table 2.  
Pearson Correlation Analysis  

Parameters Assymetry Acceleration 0-5m Acceleration 0-20m Acceleration 0-10m VJ L Average Force R Average Force 

Assymetry r 1 .026 -.106 .072 .274 -.278 -.041 

Acceleration 0-5m r  1 .698** .737** -.586* .220 .164 
Acceleration 0-20m r   1 .423 -.793** -.155 -.401 
Acceleration 0-5m r    1 -.312 .115 .094 

VJ r     1 -.075 .228 
L Average Force r      1 .900*** 

R Average Force r       1 
*Large, ** Very large, *** Almost perfect; VJ – Vertical jump, L- Left, R – Right. 

 
Table 3.  
Simple Linear Regression Analysis for Acceleration on 0-5m; 0-10 m; 0-20 m, 
Predictions  

Tests B 
Standard 

error β t p 

0-5 m- Assymetry 
1.077 .029  37.598 .000 

.000 .003 .026 .095 .925 

R= .072 R2= .005 F= 0,67 p<.000 

0-10 m- Assymetry 
2.211 .053  41.426 .000 

.001 .006 ,072 .259 .800 

R= .072 R2= .005 F= 0.67 p<.000 

0-20 m- Assymetry 
3.394 .070  48.235 .000 

-.003 .007 -.106 -.383 .708 

R= .106 R2= .011 F= .147 p<.000 

0-5 m- VJ 
1.326 .096  13.793 .000 

-.008 .003 -.586 -2.608 .022* 

R= .586 R2= .343 F= 6.800 p<.000 

0-10 m- VJ 
2.467 .210  11.721 .000 

-.008 .007 -.312 -1.186 .257 

R= .312 R2= .098 F= 1.407 p<.000 

0-20- VJ 
4.200 .179  23.507 .000 

-.027 .006 -.793 -4.687 .000* 

R= .793 R2= .628 F= 21.967 p<.000 

* Semnificativ statistic p≤.05; B- the intercept, t—Student test value; p—Level 
of probability, R2 - the regression coefficient, F- Test value, VJ – Vertical jump 

 
According to Table 2, we identified statistically 

significant correlations between Acceleration 0-5m with: 
Acceleration 0-20m, Acceleration 0-10m and with VJ, 
reported to the reference value of the threshold of 
statistical significance. The power of the linear association 
is very large between the two acceleration variants, it is 
directly proportional, showing a positive direction. 
Between the acceleration on 0-5m with VJ the correlation 
is inversely proportional, indicating a negative direction, 

with a large correlation. VJ correlates very large with 
acceleration on 0-20m, r=-,793, inversely proportional. 
Another statistically significant correlation was recorded 
between L Average Force and R Average Force, indicating 
a directly proportional positive association, almost perfect 
(Table 2). No significant correlations were recorded 
between the other parameters of the applied tests, for p< 
.05.  

Analyzing the results in Table 3 following the applica-
tion of simple linear regression analysis, where accelera-
tion variables were used to predict VJ and asymmetry 
measurements, they were found to be predictive of VJ 
only. Asymmetry was not predicted by acceleration varia-
bles, with results not statistically significant. The analysis 
of the results reveals that the 0-5 m acceleration is a pre-
dictor for VJ (R2= 0.343, p≤0.002). Also, 0-20m accel-
eration was found to be a predictor for VJ (R2= 0.628, 
p≤0.000. Analyzing the values of the t-statistic index, we 
find that they are large, which means that our results are 
unlikely to be due to random incidence.  

The most relevant aspect that was found is the fact that 
the presented model is a good fit, for the observed data, 
the values of the p index being statistically significant 
(p<0.001). 

Discussion  
 
When our study was examined, the significance of right 

and left leg hamstring eccentric muscle strength with 0-5m, 
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0-10m, 0-20m and vertical jump performances was not 
found. The analysis of the results shows statistically signifi-
cant correlations between the three variants of acceleration 
and VJ, as well as between L Average Force and R Average 
Force. No significant correlations were found between 
asymmetry and the other targeted parameters (for p< .05). 
The application of linear regression highlighted that the 
asymmetry was not predicted by the acceleration variables, 
with statistically insignificant results. Vj is the acceleration 
prediction only on 0-5 m and 0-20 m.  

Looking at the studies on the relationship between ec-
centric hamstring strength and sprint in the literature, a 
study by (Mendiguchia et al., 2020) divided the participants 
into 3 groups as a group doing Nordic Hamstring Exercise 
that increases eccentric hamstring muscle strength, a group 
doing sprint training and a group doing only specific football 
training and showed that the group doing.  

Nordic Hamstring Exercise and the group doing specific 
football training showed less improvement in sprint perfor-
mance compared to the group doing sprint training in their 
tests 6 weeks later. Freeman et al. (2019) in a study with 
twenty-eight adolescent athletes, participants were ran-
domly assigned to a NHE training or sprint training group. 
They completed an eccentric hamstring strength assessment 
to assess acceleration (acceleration) and maximum speed, 
and a 40 m sprint. The NHE group reported insignificant 
improvements in sprint performance, while the sprint 
training group experienced a moderate improvement, par-
ticularly in maximum speed. It was concluded that a four-
week sprint training block may provide benefits in terms of 
both injury prevention and performance enhancement. de 
Hoyo et al. (2015) in their study with thirty-six young play-
ers, participants were randomly assigned to an experi-
mental or control group. Participants performed an eccen-
tric overload training program (3-6 sets of 6 repetitions) for 
1 or 2 sessions per week for 10 weeks.  

In terms of performance, the eccentric-based program 
led to a reduction in the incidence and severity of muscle 
injuries and showed improvements in common soccer tasks 
such as jump performance and linear sprint speed. 
Krommes et al., (2017) investigated sprint performance us-
ing a 10-week injury prevention Nordic Hamstring Exercise 
protocol and reported improvement in 10 m sprint perfor-
mance. Previous studies have focused on determining the 
plyometric capacity of athletes in various conditions, using 
various tests, for athletes in individual and team sports, the 
results registering positive effects, but correlated with cer-
tain kinetic parameters were not always statistically signifi-
cant (Kotsakis et al, 2023; Fernández-Galván et al., 2024). 
Gülü et al (2021) examined the effect of 6-week eccentric 
hamstring strength training on vertical jump and sprint per-
formance in athletes in 19 participants, with an experi-
mental group of 10 and a control group of 9. Nordic ham-
string training was found to improve both sprint and verti-
cal jump performance at a low to moderate level. As a re-
sult, it was seen that there was no relationship between 

Right and Left Leg Eccentric Hamstring Strength and Ac-
celeration and Vertical Jump Performance. Previous studies 
mention that for the specific training of sportswomen aim-
ing at the parametric improvement of the vertical jump, it 
is recommended to select the means of action, imple-
mented according to the motor level and the level of devel-
opment of the motor and functional capacity (Badau et al., 
2022; Zaharie et al, 2023; Magallanes et al., 2022).  

The asymmetry of the legs of soccer players, in the pre-
sent study, fell within the allowed limit. Previous studies 
reflect the fact that female players with a right foot preva-
lence show reduced weights of the direction and magnitude 
of the asymmetry (Bishop et al., 2019; Bishop et al., 2021). 
A previous study looking at vertical jump performance, 
comparing dominant and non-dominant legs, in soccer 
players, found significant differences (p<0.05) between 
dominant and non-dominant legs in the imposing phase of 
the movement and statistically insignificant variables in the 
phase of landed (Yanci, J., & Camara, J., 2016), this finding 
aligns with the results of our study that focused on the ver-
tical jump in all specific phases. Previous studies on female 
subjects regarding leg asymmetry were also carried out in 
the game of badminton, handball, volleyball (Wiriawan et 
al., 2014; Tupinambá, 2023; Vila Suarez et al, 2023).  

Physical training with an emphasis on plyometrics is 
known for its positive positive influences in vertical and 
horizontal jumping (Fonseca et al., 2020), with 
connotations regarding the ability to accelerate and sprint 
(Falces-Prieto et al., 2021), it improves the muscular 
tendency in the release of maximum force in short time 
units, offering a motor and technical advantage in team 
sports in certain phases of the game (Sánchez-Sixto & Floría-
Martín, 2017).  

The present study has the following relevant limits iden-
tified by us, namely: the study included only professional 
subjects from the 2nd league, the limited number of sub-
jects included in the study, the study took into account only 
a female sample, no training program was applied specifi-
cally, which would offer the possibility of comparison be-
tween tests.  

 
Conclusion 
 
The results recorded and statistically analyzed in profes-

sional soccer athletes, regarding the relationship between 
the eccentric strength parameters of the hamstring, the ver-
tical jump and the sprint performance of the participants, 
did not record significant values. A negative relationship 
was found between VJ and 0-5m at a moderate level (r=-
586, p≤.022) and a negative relationship between VJ and 0-
20m at a high level (r=-.793, p≤- .000). Another 
statistically significant correlation was recorded between 
the average force L and the average force R, directly 
proportional, with a linear positive direction, almost 
perfectly. The asymmetry of the legs falls within the opti-
mal limits, not influencing the other targeted parameters. 
In linear regressions where acceleration variables were used 
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to predict VJ and asymmetry measurements, they were 
found to be predictive only for VJ. Since the studies exam-
ining the relationship between Hamstring Strength and 
sprint performance are limited in number, the analogy with 
results from other previous studies is difficult, in conclusion 
we consider that additional studies are needed on several 
categories of subjects and practiced sports. 
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