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Aim: The aim of this study was to investigate the hamstring eccentric muscle strength and
limb asymmetry in young football players.

Materials and Methods: 30 licensed healthy players who competed in the U17 and U19 Elite
academy league of Istanbul Bagaksehir Football Club participated in the study. Eccentric
hamstring strength and limb asymmetry values were assessed while performing nordic
hamstring exercise using NordBord device (Vald Performance, Newstead, Australia).
Results: Right hamstring eccentric force (r = -0.007, p = 0.971) and mean force (r = -0.195,
p = 0.303) have low and non-significant correlations with asymmetry. Left hamstring strength
(r=-0.381, p = 0.038) has significant but negative correlations with asymmetry. There is no
correlation between torque and asymmetry (p > 0.05).

Conclusion: One of the factors that reduces injury in eccentric knee flexor muscle groups is
the absence of strength imbalance between the legs. Although there is no consensus on an
ideal minimum value for asymmetry, some experts suggest that it should be below 15%. In
our study, the asymmetry values of U17 and U19 football players (30 males) were found well
below the value (8,55 + 5,13) recommended by the experts. The low correlation results
between right muscle strength and asymmetry in our study indicate that right hamstring
muscle strength does not notably effect the asymmetry of the players. In contrast, it was found
to have an effect on asymmetry for the left hamstring muscle group strength.

Nordbord Cihaz ile Hamstring Eksantrik Kas Kuvveti ve Ekstremite
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Amagc: Calismada geng futbol oyuncularinda hamstring eksantrik kas kuvveti ve ekstremite
asimetrisi arasindaki iligkinin gosterilmesi amaglanmistir.

Gerec ve Yontemler: Istanbul Basaksehir Futbol Kuliibii'niin U17 ve U19 Elit akademi
liginde miicadele eden, gerekli saglik kontrollerinden ge¢mis saglikli 30 lisansli oyuncu
calismaya katilmistir. NordBord cihazi (Vald Performans, Newstead, Australia) kullanilarak
nordik hamstring egzersizi ile eksantrik hamstring kas kuvvetine ve ekstremite asimetri
degerlerine bakilmustir.

Bulgular: Sag hamstring eksantrik kuvveti (r = -0.007, p = 0.971) ile asimetri ve ortalama
kuvvet (r=-0.195, p =0.303) ile asimetri diisiik ve anlaml1 olmayan korelasyonlara sahiptir.
Sol hamstring kuvveti (r = -0.381, p = 0.038) ile asimetri arasinda ise anlaml1 fakat negatif
yonlii korelasyon vardir. Torque degerleri ile asimetri arasinda bir korelasyon bulunmamistir
(p > 0.05).

Sonug: Diz fleksor kas gruplarinda yaralanmayi1 azaltan faktorlerden biri bacaklar arasinda
kuvvet dengesizliginin olmamasidir. Asimetri i¢in ideal bir minimum deger iizerinde fikir
birligi olmamasina ragmen, bazi uzmanlar %15'in altinda olmas: gerektigini dnermektedir.
Bizim ¢alismamizda futbolcularin (30 erkek) ortalama asimetri degerleri, bazi uzmanlar
tarafindan Onerilen degerin oldukga altinda (8,55 + 5,13) bulunmustur. Calismamizda sag
hamstring kas kuvveti ile asitmetri arasindaki diisiik korelasyon sonuglar1, hamstring sag kas
kuvvetinin asimetri iizerinde belirgin bir etkisi olmadigini gostermektedir. Buna karsilik sol
hamstring kas grubu kuvvetinin asimetriye negatif etkisi oldugu goriilmiistiir.
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Introduction

The importance of the hamstring muscles strength in daily and sports activities has long been
recognized. Knee flexor and extensor strength rates as the hamstring/ quadriceps ratios plays a crucial role
in stability. The hamstring/quadriceps ratios differ for professional athletes in various sports but are less
open to interpretation in terms of the hamstring muscles (Kellis, Sahinis ve Baltzopoulos, 2023).
Measurement of hamstring muscle strength with isokinetic muscle strength devices is considered as the gold
standard. Isokinetic devices are used to measure various parameters such as angular velocity, active or
passive muscle movements, range of motion, limb to limb differences in muscle strength and contraction
quality. Knee muscle strength could be evaluated during the eccentric Nordic Hamstring exercise (NHE)
with the test method for isokinetic dynamometers. Eccentric muscle strength training regimes are of great
clinical importance in terms of preventing possible injuries that may occur during sports or daily life.
Furthermore research aimed at reducing the risk of injury by improving eccentric muscle strength are
common in recent years especially for after anterior cruciate ligaments injuries (Da Silva, Maior, 2022;
Diker et al., 2022).

Isokinetic dynamometry tests are considered reliable and commonly employed technique for muscle
strength measurements (Dvir et al., 2019). It’s widely used due to it’s consistant measurements for both
eccentric and concentric force production. There are studies which have included both isokinetic devices
and constant angular velocity/resistance tools and many of them have explored the relationships between
eccentric, consentric force and other determinants of muscle performance and strength characteristics.
Devices capable of assessing metrics like force-length dynamics have contributed to both laboratory and
field-based scientific inquiry.

The Nordic Board device is a validated tool to assess the eccentric strength of hamstring derived
from isometric contractions. It’s accepted as a realiable method to test eccentric muscle strength of knee
flexors in athletes. Being a portable and costeffective device which provide accurete measurements is an
advantage for field tests (Opar et al., 2013). Additionaly Nordic Board assessments can be integrated more
evaluation protocols for other muscle groups as needed (Claudino, Filho, Bittencourt et al., 2021). Strength
assessments were acquired via a static muscle model across the full range of motion providing data with an
angle sensor and pad contact forces. (Horst et al., 2015; Attar et al., 2017).

Sprints in football are intermitent and involve rapid accelaration. The ability of sprinting capabilities
are essential for the effective execution of both offensive and defensive strategies. Football heavily relies on
sprinting which is a crucial movement during games, demanding robust lower limb muscles. The hamstring
muscle groups exhibits a critical biomechanical engagement during accelaration phase of sprinting. Periodic
assessment of hamstring muscles in young football players facilitates talent recognation and implement
progressive developmental interventions. The literature provides a substantial body of research which
addressed the subject of eccentric muscle strength but hamstring muscle strength topic remains highly
prominent within current academic researches (Diker et al., 2022 ; Penailillo et al., 2016).

All limb muscles should interplay a synergetics to ensure precise movements during football games.

This harmonious interaction would benefit both for performance and to reduce the risk of injury. The
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literature demonstrates that eccentric exercise regimens generate exercise induced muscle damage in young
populations as those observed in adults (Deli et al., 2017). Hence, trainings prioritizing resistive exercise
protocols reveals a restricted influence on pain attenuation. One dimensional muscular resistance fail
adequately for athletic pursuits involving dynamic and prolonged patterns. Implementation of eccentric
biased training is imperative to avert the development of muscle weakness. Although the established benefits
of resistance training, investigations into eccentric muscle contractions remain limited. Despite the extensive
research available on eccentric hamstring training,

A significant amount of research has explored eccentric hamstring strength on athletes participating
in various sports disciplines and non-injured subjects (Claudino et al., 2021; Giiriihan, 2018; Ercan, 2018).
The distribution of muscle forces within the hamstring musculature during contraction has been a
foundational aspect of planning eccentric training protocols. The incidence of hamstring strain injuries is
highest among non-contact injuries, which constitues 12% of all injuries (Ekstrand et al., 2011). The long
head of the biceps femoris muscle is identified as the highest incidence of injury and subject to peak levels
of mechanical stress during sports within atletic populations. Hamstring strain injuries (HSI) occur
predominantly during high velocity sprints in football matches with a percentage of 60-80% (Timmins et
al., 2016; Woods et al., 2004). Hence, intrinsic risk factors are crucial determinants of hamstring strain
injuries. In terms of alterable risk factors, musculoskeletal imbalance is reported as one of the three risk
factor for non-contact injuries by professionals engaged with elite football clubs (McCall et al., 2015; Meurer
et al., 2017). Despite musculoskeletal imbalance is a comprehensive concept, the imbalance of force
production between knee flexor and extensor muscles has served as the principle subject of hamstring strain
injuries (Ishei et al., 2021; Fritsch et al., 2023). The continuous assessment of strength imbalances, along
with other modifiable factors, throughout the competitive season could enhanced insights into the linkage
between H:Q ratio and injury (Kellis et al., 2021)

Common parameters for quantifying eccentric strength are typically peak force, average force, peak
torque and average torque (Rhodes et al. 2018). In particular, further research needed to explore how
asymmetry effects loading in hamstring muscles. The evaluation of asymmetry and hamstring strength in
football players which is associated with the performance and injury highlight the importance of this
research. It’s critical to address the knowledge gaps for enhancing a players performance while preventing
injury risk. Therefore a new perspective to the literature in this issue which analyze the correlations between
asymmetry and strength and torque would be beneficial. In this current study hamstring muscle strength,
bilateral limb asymmetry and torque of young football players were investigated with a Nordboard device
during Nordic curl movement. The objective of this research is to define the correlation between hamstring

eccentric muscle strength and limb asymmetry among regularly training young football players.

Methods

Participants:

This study included 30 licenced healthy football player of Istanbul Basaksehir Football Club U17-
U19 Elite League (age: 17,3 + 0,53 years, height: 179,6 £ 7,62 cm, weight: 71,44 = 6,60 kg). Any player who

reported an injury, any known chronic diseases or musculoskeletal disorders was excluded from the study.
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All players were training five days per week in the elite league. This study was conducted with the approval
of the Ethical Review Committee of Marmara University (Ethics approval number: 09.2024.284 and date
09.02.2024). 28 of 30 participants dominant limb were right in the study. Study procedures were explained
to the participants, and each participant provided a written informed consent before participation in the study.

Data Collection Process
All measurements were collected before the morning training. Participants performed warm-ups consisting
of 5 min light running and 5 min mobility exercises (side shuffles, high knees, butt-kicks, skipping, and front-
back and side-side leg swings and jumps). Before the measurement the nordic hamstring exercise explained
to participants and the participants attended a familiarization session. A single set of three hamstring strength
tests was performed for data collection.

Height and body mass were obtained by a meter and Tanita MC 780 MA bioimpedance analyzer.
Force output scores (N) and asymmetry (limb strength imbalances during the lowering eccentric phase of
nordic hamstring exercise) were measured with NordBord device (Vald Performance, Newstead, Australia)
while each participant was placed in a kneeling position on the device. Participants were instructed to
maintain a neutral position of the hip and spine while gradually leaning forward toward the ground at the
slowest possible speed, with their hands held across their chest. The players were required to perform one set
of three repetitions of the Nordic Hamstring Exercise. The force data were recorded with the NordBord
application (Software from Vald Performance NordBord) at the 50 Hz sample rate. The peak bilateral force
output (N) scores which was the highest force, from the three repetitions, were analyzed.

Data analysis
Normal distribution of the data were tested with Kolmogorov-Smirnov and Shapiro-Wilk test. Significance
level was set at p<0.05. Pearson's correlation coefficient was applied to research data to measure the degree
of association between force, torque and asymmetry. Datas analyzed in SPSS 18 (IBM Corp., Armonk, NY)
and Microsoft Office Excel Softwares.

Results
30 Football players completed all the tests. Participants demographic data presented in Table 1. All
data are given in mean and standard deviation.

Table 1. Descriptive data of the participants. Presented as mean with standart deviations

Variable Mean = SD
Age (years) 17,3 £ 0,52
Height (cm) 179,76 +7,62
Body Mass (kg) 71,44 £+ 6,60
Body Mass Index (kg/m?) 22,08+1,12

SD: Standad Deviation, cm: centimeter, kg:kilogram, kg/m?*:kilogram/square meter

Peak force of right/left hamstring, peak bilateral force (N) and mean force of right/left hamstring,

mean bilateral force (N) scores are presented in Table 2.
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Table 2. Hamstring strength for limbs and asymmetry, represented mean and standart deviations

Variable Mean + SD
Hamstring Peak Force Right (N) 344,22 + 67,69
Hamstring Peak Force Left (N) 324,85 + 63,95
Hamstring Peak Force avg (N) 335,29 £ 63,75
Hamstring Asymmetry (%) 8,55+ 5,13
Hamstring mean Force Right (N) 328,06 + 75,07
Hamstring mean Force Left (N) 302,06 + 65,74
Hamstring Mean (N) 305,57 + 85,88

SD: Standad Deviation, N:Newton

Table 3 shows the Pearson’s correlations between force, torque and asymmetry on each test scores.
Right hamstring strength had positive correlations with left hamstring strength (r =.903, p <.001), and mean
force (r=.977, p <.001) as well as with Torque-Right (r = .874, p <.001), Torque-Left (r =.788, p <.001)
and Torque-mean (r = .856, p <.001). There is no significant correlation between hamstring right peak force

and asymmetry .
Table 3. Correlations between hamstring strength, torque and asymmetry
Hamstring Hamstring ~ Hamstring ~ Hamstring Torque- Torque- Torque -
Peak Force Peak Force Peak Force- Asymmetry Right  Left mean

Right (N) Left (N)  mean (%) ANM) (NM)  (NM)
Hamstring Peak Force-Right _: : : : : : :
ok - - - - - -
Hamstring Peak Force-Left <9((;?)1 _ N - - - -
ok ok - - - - -
Hamstring Peak Force-mean <92)(7)1 <92)‘(‘)1 _ _ . . -
. -0,007 -381%* -0,195 -- -- -- -
Hamstring Asymmetry (%) 0.971 0,038 0,303 _ __ . -
. 874%* 759 .839%** 0,112 -- -- -
Torque- Right (NM) <001 <001 <001 0,555 . _ .
788** .876%* .852%* -0,286 892%* . --
Torque-Left (NM) <.001 <.001 <.001 0,126 <001 - -
Torque - mean (NM) 8567 840** 869%* 20,084 974%%  971**
au <.001 <.001 <.001 0,659 <.001 <001 -

r: Pearson Correlation, p: Sig. (2-tailed), N: Newton, NM: Newton Meter, %: Percent

Left hamstring strength had high positive correlations with right hamstring strength (r = .903,
p<.001) and mean strength (r = .974, p < .001) as well as Torque-Right (r = .759, p < .001), Torque- Left
(r=.876, p < .001) and Torque mean (r = .840, p < .001). Asymmetry was significantly but negatively
correlated with left leg strength (r = -0.381, p = 0.038).This finding suggests that left leg hamstring strength
also has an important role on asymmetry. No significant correlation was seen with right leg strength (r = -
0.007, p = 0.971) and mean force (r=-0.195, p = 0.303) p> 0,05. Torque-Right (r = 0.112, p = 0.555) had
non-significant correlations with Torque-Left (r=-0.286, p=0.126) and Torque-mean (r =-0.084, p=0.659).

Discussion and Conclusion

Football involves high intensity activities, like sprinting, jumping and rapid turns which subjects the
hamstring to high level of stress. Studies have shown potential links between asymmetry and sports
performance like jumping, agility and running (Parkinson 2021, Bishop 2022). The Nordboard test provides
a reliable measurement to examine both strength and extremity asymmetry (Markovic et al., 2021).

Comparing peak force between each limb plays a critical role in balance and symmetry analysis. In this
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current study there is no significant difference between the extremities for eccentric hamstring strengths. The
hamstring strength results measured during Nordic exercise in our study are consistent with a previous study
in young soccer players (Ferguson 2024).

Previous studies investigated strength asymmetry between limbs and the impact on the sports
performance (Parkinson, 2021, Bishop, 2022). While some of the studies in the literature did not find a
relationship between lower extremity asymmetry and hamstring strength, in a study conducted in soccer
players, it was reported that strength imbalances dramatically elevates the chances of hamstring injury
(Croisier et al., 2008). One of the factors that reduce injury in eccentric knee flexor muscle groups is the lack
of power imbalance between the legs. Although there is no consensus on an ideal minimum value for
asymmetry, a recent prospective study by Bourne et al. in rugby union demonstrated that Nordic hamstring
test imbalances greater than 15% correlated with increased hamstring injury incidence (Bourne et al., 2015).
In our study, it was determined that the asymmetry values in U17 and U19 soccer players (N=30) were low
(8,55 = 5,13). This finding reveals that developing similar scores of strength in both legs is effective in
reducing asymmetry.

A deficiency in eccentric knee flexor strength as assessed through the Nordic hamstring exercise
found to be a factor for increased hamstring strain injury in elite soccer players (Timmins et al., 2016). In
terms of injury prevention, identifying muscle strength and performance asymmetries is recognised as and
effective approach to predict increased injury risk. The study by Sykora (2024) aimed to analyze the
incidence of eccentric and isometric hamstring strength asymmetries among U19 elite youth soccer players
in Slovakia that findings revealed a high prevalence of hamstring strength asymmetries. Specifically 47% of
the players exhibited more than 10% strength imbalance between their limbs at least one of the tests. Given
that a strength difference exceeding 10% in the tests is considered as a risk factor for sports-related injuries.
The results suggest that physical training interventions focused on to reduce inter limb differences for athletes
with high asymmetry scores may be an important part of injury preventon strategies (Sykora, 2024). Contrary
to prior research, it’s been reported in literature that strength imbalance was not considered as a risk factor
for future injury (Timmins et al., 2016).

The findings of the current study showed a negative correlation between left hamstring muscle
strength and asymmetry. Soccer players often prefer to utilize their dominant limb as the primary for ball
manipulation, such as kicking and passing. However the non-dominant limb provides a supportive role for
postural stability (Wong et al.2007). The correlation between left hamstring strength and asymmetry in this
study may be due to the players dominant limb is mostly right limb.

More studies are needed to elucidate the underlying causes of asymmetry in strength and torque.
Schache et al. concluded that regular assessment of isometric maximal voluntary contraction asymmetry
would help to detect symptoms related to the presence of hamstring strains due to the effect of training loads
(Schache, 2012). With this approach, the potential risk of injury will be eliminated before it occurs.
According to the results of this study, it can be suggested that coaches should add leg strength training to the
traning programs specifally to the weaker limb of the players since less asymmetry is desirable condition to

decrease future injury risk for professional players.
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It’s been demonstrated that athletes showing muscle imbalances have a significant reduction in peak
concentric and eccentric hamstring torque (Ardern et al. 2015). We have tested players’ peak torque and
findings demonstrated that right peak torque has significantly correlated with right and left hamstring peak
force. Hence there is no correlation between torque and asymmetry. In this study, the level of imbalance in
strength is well below that can generate a decrement in torque. It can be due to all players has the same level
of physical activity and same training regime for at least six months duration. More studies are needed to
demonstrate the training effect on asymmetry with higher populations and same training with longer
durations.

The findings of the current study will provide data for the coaches to guide the improvement of the
training regimens on the hamstring strength performance. Initially the peak force scores of our study augment
descriptive data to the existing literature about professional young football players. Additionally this research
emphasize the importance of tracking the direction of asymmetry between extremities. Identifying the
persistent limb asymmetries enables coaches for targeted trainings of the weaker limbs.

Limitations :

e We included only one football team in the study.

e The positional differences of the players couldn’t be examined to analyse the limb
asymmetries.

e The age and playing level related increases in hamstring imbalance couldn’t be established

due to same age and playing level of participants included in the study.

Suggestions

e Long term follow up studies can be conducted on the muscle strength and the asymmetry to better
understand how changes occur over time.

e Researches comparing the effects of different training programs on hamstring eccentric muscle
strength and asymmetry would be helpfull to determine the more effectice training programs.

e Including larger populations and participants in various physical fitness levels in this area of research

would increase the validation of the results.
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