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CAN PROFESSIONAL FOOTBALL PRACTICE LEAD TO MUSCLE STRENGTH IMBALANCES?

José Carlos dos Santos Albarello?, Gustavo Henriqgue Halmenschlager?, Eduardo Favreto?

ABSTRACT

In this study, we compared the knee strength
parameters tested in professional football
players at the preparatory and competitive
seasons, separated by 12 weeks. Knee
extensors and flexors peak torque, hamstring to
quadriceps conventional ratio (H/Qcon), and
bilateral asymmetry index (Al) on the dominant
and non-dominant limbs of 10 football players
were evaluated in an isokinetic dynamometer.
Paired t-test was used to compare all variables
between the preparatory and competitive
seasons. A one-sample t test was used to
compare the H/Qcon and Al with theoretical
means defined as 0.6 and 10%, respectively.
The results showed a significant peak torque
improvement in the dominant side for both knee
extensors (p=0.013) and flexors (p=0.003),
whereas on the non-dominant limb there was no
significant difference. Regarding the H/Qcon,
dominant and non-dominant sides were below
0.6 during the preparatory and competitive
seasons (p<0.001). The Al was significantly
lower than 10% for the knee extensors during
the competitive season (p=0.001) and for the
knee flexors during the preparatory season
(p=0.005), without difference between the
preparatory and competitive seasons for the
knee extensors and flexors. These results
indicate that professional football practice
potentially  increases interlimb  strength
asymmetries, therefore, lower extremity limb
dominance should be considered when
designing resistance training and injury
prevention programs for professional football
players, as well special attention should be
taken regarding the strengthening of the knee
flexor muscles.
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RESUMO

A pratica do futebol profissional pode levar a
desequilibrios de forca muscular?

Nesse estudo, comparamos o0s parametros de
forca do joelho testados em jogadores
profissionais de futebol nas temporadas
preparatéria e competitiva, separados por 12
semanas. Pico de torque dos extensores e
flexores do joelho, raz@o convencional
isquiotibiais/quadriceps (I/Qcon) e indice de
assimetria  bilateral (IA) nos membros
dominante e ndo dominante de 10 jogadores de
futebol foram avaliados em um dinamémetro
isocinético. O teste t pareado foi usado para
comparar todas as variaveis entre as
temporadas preparatéria e competitiva. Um
teste t de uma amostra foi usado para comparar
a I/Qcon e o IA com médias tedricas definidas
como 0,6 e 10%, respectivamente. Os
resultados mostraram melhora significativa do
pico de torque no lado dominante tanto para
extensores de joelho (p=0,013) quanto para
flexores (p=0,003), enquanto no membro néo
dominante ndo houve diferenca significativa.
Em relagdo a I/Qcon, os lados dominante e ndo
dominante ficaram abaixo de 0,6 durante as
temporadas preparatéria e competitiva
(p<0,001). O IA foi significativamente menor
que 10% para os extensores do joelho durante
a temporada competitiva (p=0,001) e para 0s
flexores do joelho durante a temporada
preparatéria (p=0,005), sem diferenga entre as
temporadas preparatéria e competitiva para os
extensores e flexores do joelho. Esses
resultados indicam que a prética profissional de
futebol aumenta potencialmente as assimetrias
de forca entre os membros inferiores, portanto,
a dominancia dos membros inferiores deve ser
considerada na elaboragdo de programas de
treinamento de resisténcia e prevencdo de
lesBes para jogadores profissionais de futebol,
bem como atencéo especial deve ser dada ao
fortalecimento dos musculos flexores do joelho.

Palavras-chave: Assimetria bilateral. Razéo
I/Q. Extensores do joelho. Flexores do joelho.
Torque.
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INTRODUCTION

Due to the wide range of intermittent
and physically demanding activities,
contemporary football requires a high fitness
level from its athletes.

Tasks such as acceleration and
decelerations, repeated sprint ability, and
explosive power of the lower Ilimb are
considered paramount to the football
performance because they directly impact the
athlete's ability to run, jump and swiftly change
direction (Taskin, 2008).

Considering the knee joint muscles are
involved in all of these sport-specific actions,
this region is likely the most affected by injuries
during football practice (Lopez-Valenciano et
al., 2020).

While the knee extensors are mainly
involved in running, jumping, and kicking the
ball, the knee flexors stabilize the joint in
direction changes, affect the stride length during
running and decelerate the knee extension
during the ball kicking (Ekstrand and Gillquist,
1983).

In light of this, the strength balance
between knee flexors and extensors as well as
a suitable symmetry between dominant and
non-dominant lower limb may reduce the risk of
injuries in professional football players
(Cameron et al., 2003; Croisier et al., 2008;
Soderman et al., 2001; Izovska et al., 2019).

Isokinetic dynamometry has been
extensively used in sports science to assess
muscle strength imbalances through indexes
like the agonist/antagonist ratio and bilateral
asymmetry (Bona et al., 2017; Gonosova et al.,
2018; Magalhées et al., 2004).

Previous evidence indicate that such
isokinetic parameters may provide useful
information regarding the risk of injury (Croisier
et al., 2008), specific knee injury (lacono et al.,
2018), and knee stability (Aagaard et al., 1998).

For instance, despite the wide range of
values reported in the literature (from 0.40 to
0.90), a ratio of 0.60 between the knee flexors
and extensors strength has been largely
accepted as a reference for angular velocities
ranging from 50 to 400°s! (Aagaard et al., 1998;
Nosse, 1982; Ruas et al., 2019).

Additionally, differences in measures of
contralateral strength greater than 10-15%
would be indicative of bilateral asymmetries

and, consequently, greater risk of injuries
(Croisier et al., 2008; Gleim et al., 1978).

Therefore, particularly in football, one
of the key aims of the training process
throughout the season is to improve or maintain
the muscle strength and the strength balance
between lower limbs and reciprocal muscle
group ratio (Pérez-Gomez et al., 2020).

However, the specific tasks associated
with football practice (e.g., cutting skills, kicking,
and conducting the ball) are primarily unilateral,
requiring more from the dominant member
(Fousekis et al., 2010).

In this sense, the unilateral tasks
involving footedness performed mainly during
specific football training and matches could lead
to an imbalance in the musculoskeletal function
on the dominant and non-dominant sides,
increasing the risk of injury.

Therefore, the purpose of the present
study is to investigate whether there are
differences in (i) the isokinetic peak torque of
the knee extensors and flexors; (i) the
hamstring/quadriceps ratio; and (iii) the strength
asymmetry of the dominant and non-dominant
sides, when comparing the preparatory and
competitive seasons of professional football
players.

On account of the possible greater
volume of specific unilateral tasks performed
throughout the competitive season, we
hypothesized that the strength balance between
lower limbs or between groups of antagonist
muscles is different between seasons.

Answering this question contributes to
advancing our knowledge of the muscle
strength imbalances caused by professional
football practice, assisting in intervention
strategies to reduce the risk of injuries.

MATERIALS AND METHODS
Participants

Ten professional football players of the
first state division with no history of lower limb
injuries in the last six months were evaluated
during the preparatory (age: 21.44 + 2.42 years,
height: 1.78 £ 0.06 m, body mass: 77.45 + 7.78
kg) and competitive (age: 21.62 + 2.52 years,
height: 1.78 £ 0.06 m, body mass: 75.94 + 7.32
kg) seasons.

After being informed about the
experimental procedures and possible risks, all
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subjects provided written informed consent
before participating in the study.

The experimental protocol was
conducted in accordance with the latest revision
of the Declaration of Helsinki and was approved
by the ethics committee of the University of
Passo Fundo under opinion number: 108.527
and CAAE: 07894412.5.0000.5342.

Isokinetic Dynamometry Test

The study consisted of two
measurement time points conducted at the
beginning of the preparatory and at the middle
of the competitive seasons, respectively.

The interval between the time points
was 12 weeks and all procedures were carried
out by the same investigator. The tests were
performed on an isokinetic dynamometer
(Biodex System 3 Pro, Biodex, Shirley, New
York, USA) and, specifically, a
concentric/concentric  protocol was applied
bilaterally to the knee extensor and flexor
muscles.

Prior to the experiments, the athletes
were instructed to perform a warm-up on a cycle
ergometer for five minutes with the minimal
load. They were then comfortably positioned on
the dynamometer chair according to the
equipment manufacturer's references and
guidelines (Biodex, 2002).

The axis of rotation of the dynamometer
was aligned with the axis of the knee joint and
the lever arm of the device was fixed two
centimeters above the medial malleolus.

In order to minimize compensatory
movements, the trunk and the evaluated thigh
were fixed with straps. Moreover, the tested
limb was weighed by the equipment to avoid
bias caused by gravity. During all measures, the
range of motion was set as 0-90°, with 0°
corresponding to full knee extension.

The participants were first instructed to
perform a specific warm-up on the isokinetic
dynamometer consisting of three
concentric/concentric  knee extension and
flexion at an angular velocity of 120°s1.

Afterwards, they were asked to perform
five repetitions of maximal
concentric/concentric  knee extension and
flexion at 60°s1.

During the contractions, a verbal
encouragement was constantly given to the

athletes by the same investigator (Bona et al.,
2017).

Both sides (dominant and non-
dominant) were tested in a randomized order
with 5 min of rest between.

Assessing the Isokinetic Muscle Strength
Parameters

For each time point (preparatory and
competitive), the hamstring to quadriceps
conventional strength ratio (H/Qcon) and bilateral
asymmetry index (Al) were calculated from the
peak torque (i.e., the highest torque value
obtained during the tasks) obtained for knee
extensors and flexors. Specifically, the H/Qcon
was calculated as the ratio between the knee
flexion concentric peak torque and the knee
extension concentric peak torque (Aagaard et
al., 1998; Osternig, 1986).

The Al was computed using the
equation proposed by Coratella et al., (2018):

Al (%)
_ (Stronger limb) - (Weaker limb)

100
(Stronger limb) X

Statistical analysis

All statistical analyses were performed
using a statistical software package (GraphPad
Prism for Windows version 9.0).

The significance level was set at p <
0.05. After ensuring data normality (Shapiro-
Wilk test), the paired t-test was used to compare
the knee extensors peak torque, knee flexors
peak torque, H/Qcon, and Al between the
preparatory and competitive seasons.

The peak torque and H/Qcon were
tested separately for dominant and non-
dominant sides, and the Al separately for
extensors and flexors. Furthermore, the one-
sample t-test was used to compare the H/Qcon
and Al with theoretical means defined as 0.6
and 10%, respectively (Ruas et al.,, 2015a,
2015b).

Hedges's g effect size was calculated to
assess the magnitude of mean differences
between the preparatory and competitive
seasons measures (i.e., smal: d < 0.2
moderate: 0.2 <d = 0.8; large: d > 0.8).
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RESULTS
Peak torque

For the dominant side, both the knee
extensors and the knee flexors peak torque
significantly increased at the competitive with
respect to the preparatory season for knee
extensors (p=0.013; g=0.554; Cl = -0.339 —

1.448) and for knee flexors (p=0.003; g=0.788;
Cl =-0.122 - 1.698).

Conversely, for the non-dominant lower
limb, no significant differences in peak torque
were observed between the preparatory and
competitive seasons for both knee extensors
(p=0.320; g=0.142; CI = -0.736 - 1.019) and
knee flexors (p=0.617; g=0.097; Cl = -0.780 -
0.974) (Table 1).

Table 1 - Mean and standard deviation () for isokinetic peak torque.

Isokinetic peak torque at 60°st (Nm)

Knee Extension Knee Flexion

Dominant Non-dominant Dominant Non-dominant
Preparatory 275.74 + 38.94 294.66 £40.90 134.28+17.98 135.36 + 23.66
Competitive 298.8 + 40.70 301.06 £ 45.54  149.97 + 20.09 137.74 + 23.14

p=0.013* p =0.320 p = 0.003* p=0.617

Legenda: = Significant difference between the preparatory and competitive seasons (p<0.05).

Hamstring to quadriceps ratio

As shown in Figure 1, the H/Qcon was
significantly lower than the normative value
(0.60; dashed line) for all conditions (p<0.001
for all cases).

Furthermore, no significant differences
were detected between the preparatory and
competitive seasons for both dominant
(p=0.302; g = 0.356; CI = -0.528 - 1.239) and
non-dominant (p=0.991; g = 0.004; Cl = -0.873
- 0.880) lower limbs.
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Figure 1 - Changes in the hamstring to quadriceps ratio for the dominant and non-dominant limbs.
Legenda: *Significant difference in relation to the theoretical mean (p<0.05; 0.60, dashed line).
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Bilateral asymmetry index

As shown in Figure 2, the Al was
significantly lower than the normative value
(10%, dashed line) for the knee extensors
during the competitive season (p=0.001) and for

N
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Bilateral asymmetry index (%)
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the knee flexors during the preparatory season
(p=0.005).

No significant difference was found
between the preparatory and competitive
seasons for both knee extensors (p=0.188; g =
0.597; Cl = -0.299 - 1.492) and knee flexors (p
=0.080; g = 0.929; Cl = 0.007 - 1.852).

® Preparatory
m  Competitive

1
Extensors

1
Flexors

Figure 2 - Changes in the bilateral asymmetry index for the knee extensors and flexors.
Legenda: *Significant difference in relation to the theoretical mean (p < 0.05; 10%, dashed line).

DISCUSSION

In this study, we compared different
isokinetic variables between the preparatory
and competitive seasons of professional
football players.

Our main results showed that (i) both
knee extensors and flexors torque of dominant
side increased at the competitive season with
respect to the preparatory; (ii) there were no
differences in the H/Qcon and the Al between
seasons.

As discussed below, these findings
indicate that although the torque augmentation
suggests a predominance of unilateral tasks
performed with the dominant side, it was not
enough to significantly change the Al.

Changes in isokinetic knee extensors and
flexors torque

In football, several studies have
examined isokinetic knee extensors and flexors
torque (Bona et al., 2017; Fousekis et al., 2010;
Ruas et al., 2015a, 2015b).

This measure is commonly quantified
during initial phase of the preparatory period
and has been widely used to assess strength
imbalances (Croisier et al., 2008).

However, at the best of our knowledge,
only few studies investigated isokinetic torque in
more than one period throughout of the
professional football season (Brow, 2020;
Eniseler et al., 2012).

As showed in Table 1, our results
indicate that knee extensors mean torque
increased 8.36% in the dominant side and
2.17% in non-dominant side, whereas knee
flexors mean torque increased 11.68% in the
dominant side and 1.76% in non-dominant side.

This asymmetrical augmentation of
torque may be explained by specific tasks
associated with the football practice, such as
kicking the ball, which is predominantly
unilateral and performed with the preferred limb
(Fousekis et al., 2010).

Even though this task can be performed
with both lower extremities, football players
presumably may produce a higher ball speed
with their dominant side kicking the ball due to
a better inter-segmental motion pattern and a
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transfer of velocity from the foot to the ball
(Dorge et al., 2002).

Such kinematic difference between
dominant and non-dominant sides could induce
specific neuromuscular adaptation in the
preferred lower limb when compared with the
contralateral side. In contrast to our results,
Eniseler and Colleagues (2012) compared the
first week of football training with the last week
of the season (separated by 24 weeks) and
reported no differences in peak torque between
these periods when the angular velocity was at
60°s™,

These contradictory findings may be
explained by the different periods in which the
torque was assessed. While we evaluate at the
beginning and the middle of the season,
Eniseler and Colleagues (2012) compared the
initial and final periods, in which the
accumulated fatigue throughout the complete
season possibly had a negative effect on the
isokinetic peak torque at the slowest velocities.

H/Qcon ratio changes

Although the isokinetic peak torque is
the parameter most commonly used to assess
muscle strength (Osternig, 1986), when the
objective is to evaluate the knee joint strength
balance, the H/Qcon ratio seems to be preferable
to the maximum torque (Baltzopoulos, Brodie,
1989).

Similar to other sports involving jumping
and sprints, the quadriceps is highly requested
in football, which may results in a strength
imbalance with its antagonist muscle group
(Ruas et al., 2015b).

Here we found H/Qcon Vvalues
significantly lower than 0.60 for both the
dominant and non-dominant limbs (Figure 1),
suggesting this strength imbalance occurred
bilaterally.

Considering the dominant member
presumably performs more football-specific
tasks in relation to its contralateral, we
hypothesized that a greater strength imbalance
between the knee flexors and extensors would
be observed on the dominant side. Interestingly,
there were no significant differences in the
H/Qcon ratio, which could be explained by the
similar responses between the dominant
(approximate torque increase) and non-
dominant (no difference) agonist/antagonist
pairs.

As previously mentioned, the increase
in knee flexor peak torque jointly with its
antagonist group may be result of training
favoring the dominant member, or the increased
demand in tasks such as decelerations and
changes of direction. In relation to the strength
imbalances also identified in the competitive
season, a possible explanation is that the
training performed after the first evaluation was
not efficient to improve H/Qcon ratio.

While some studies report that strength
imbalance in the H/Q ratio is a limited (Green et
al., 2017) or weak (Van Dyk et al., 2016)
predictive of hamstring injuries, another study
indicates that the untreated strength
imbalances increase the risk of injury to the
hamstrings by more than 4 times compared to a
normal strength profile (Croisier et al., 2008).

Intrinsic factors related to individual
characteristics seem to be indeed more
predictive of injury than extrinsic factors, since
the player is more susceptible to exceed the

mechanical limits tolerated by the
musculotendinous unit.

In this context, the isokinetic
parameters normalization related to the

imbalances of the H/Qcn ratio can lead to a
significant reduction in the subjective intensity
of athlete discomfort and to the prevention of
hamstring injuries (Croisier et al., 2002).

Bilateral Al changes

Another main isokinetic parameter used
to identify abnormalities of strength between
contralateral homologous muscles is the
bilateral Al.

This measure provides important
information for designing resistance training
and injury prevention programs (lbis et al.,
2018; Ruas et al., 2015a), as well can be used
to define the return to sport after anterior
cruciate ligament reconstruction (Grindem et
al., 2016).

In general, isokinetic bilateral Al of knee
extensors and flexors between the dominant
and non-dominant limbs has been found to be
at the level of 10% in football players (Carvalho
and Cabri, 2007; Ruas et al.,, 2015a) and
asymmetries above 15% may indicate a
disorder in muscle function (Croisier et al.,
2002; 2008).

As observed in Figure 2, the Al of knee
extensors reduced in the second assessment
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and was significantly lower than the theoretical
mean stablished as normative value. This
outcome indicates an improvement in regarding
the strength balance between dominant and
non-dominant sides and is related to the greater
increase in peak torque of the knee extensors
on the dominant side.

Regarding the knee flexors, the Al got
worse in the second assessment, but was not
significantly higher than the theoretical mean.
This divergency between Al of knee extensors
and flexors is related to the peak torque
observed during the preparatory season, since
the peak torque of knee extensors in the
dominant side improved in the second
assessment and was more balanced with the
contralateral side.

Even with a significant improvement
only in the peak torque of dominant side for both
knee extensors and flexors, this was unable to
negatively affect the Al after 12 weeks. In
regard, we speculate that for a longer period the
Al could be impaired.

However, contrasting this argument,
after 24 weeks Eniseler and Colleagues (2012)
did not find differences between the first and
second isokinetic assessment at 60°s? for the
knee extensors and flexors.

Possibly, the specific resistance
training reported by the authors may have had
a positive influence so that the football-specific
demands would not cause an imbalance in the
capacity to produce strength between the
dominant and non-dominant sides.

CONCLUSION

In conclusion, our results show that,
when tested at 60°s?, knee extensors and
flexors torque have improved only in the
dominant side after 12-week professional
football practice.

Adopting 10% as the reference value,
this asymmetrical torque improvement was not
able to negatively affect the bilateral Al.
However, although we have not observed a
statistical difference between seasons, the
mean value in the knee flexors for the
competitive season was above 10% and a large
effect size was observed.

Such a result indicated that athletes got
worse their knee flexors bilateral Al, since
during the preparatory season the value was
significantly below 10%.

This means that probably due to limb
dominance, professional football practice
potentially  increases interlimb  strength
asymmetries, especially between the knee
flexors.

Additionally, the H/Qcon ratio remained
below 0.60 in all conditions, indicating that only
professional football practice is not enough to
achieve a proper knee flexors and extensors
strength balance.

Therefore, lower extremity limb
dominance is a crucial variable that should be
considered when designing resistance training
and injury prevention programs for professional
football players, as well special attention should
be taken regarding the strengthening of the
knee flexors.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge Dr
Hélio V. Cabral (e-mail:
H.daVeigaCabral@bham.ac.uk), Centre of
Precision Rehabilitation for Spinal Pain (CPR
Spine) - University of Birmingham, for his kind
support in revising the manuscript language.

DISCLOSURE OF INTEREST

The authors report no conflict of
interest.

REFERENCES

1-Aagaard, P.; Simonsen, E. B.; Magnusson, S.
P.; Larsson, B.; Dyhre-Poulsen, P. A new
concept for isokinetic hamstring: Quadriceps
muscle strength ratio. American Journal of
Sports Medicine. Vol. 26. Num. 2. p. 231-237.
1998.

2-Baltzopoulos, V.; Brodie, D. A. Isokinetic
dynamometry Applications and limitations.
Sports Medicine. Vol. 8. Num. 2. p. 101-116.
1989.

3-Biodex. Biodex Multi-Joint System - Pro
Setup / Operation Manual. 2002.

4-Bona, C. C.; Tourinho Filho, H.; Izquierdo, M.;
Manuel, R.; Pires Ferraz, M. Peak torque and
muscle balance in the knees of young U-15 and
U-17 soccer athletes playing various tactical
positions. Journal of Sports Medicine and

Revista Brasileira de Futsal e Futebol

Sao Paulo, v. 14. n. 59. p.485-493. Set./Out./Nov./Dez. 2022.
ISSN 1984-4956 Versao Eletrdonica

www.rbff.com.br

491



RBFF

Revista Brasileira de Futsal e Futebol

Physical Fitness. Vol. 57. Num. 7-8. p. 923-929.
2017.

5-Brow, C. C. The influence of a soccer season
on non-contact injury and isokinetic peak torque
of the quadriceps and hamstrings in
professional youth soccer players. Research in
Sports Medicine. Vol. 00. Num. 00. p. 1-14.
2020.

6-Cameron, M.; Adams, R.; Maher, C. Motor
control and strength as predictors of hamstring
injury in elite players of Australian football.
Physical Therapy in Sport. Vol. 4. Num. 4. p.
159-166. 2003.

7-Carvalho, P.; Cabri, J. Avaliacdo Isocinética
da Forca dos Mdasculos da Coxa em
Futebolistas. Revista Portuguesa de
Fisioterapia No Desporto. Vol. 1. Num. 2. p. 1-
11. 2007.

8-Coratella, G.; Beato, M.; Schena, F.
Correlation between quadriceps and
hamstrings inter-limb strength asymmetry with
change of direction and sprint in U21 elite
soccer-players. Human Movement Science.
Vol. 59. Num. p. 81-87. 2018.

9-Croisier, J. L.; Forthomme, B.; Namurois, M.
H.; Vanderthommen, M.; Crielaard, J. M.
Hamstring muscle strain recurrence and
strength performance disorders. American
Journal of Sports Medicine. Vol. 30. Num. 2. p.
199-203. 2002.

10-Croisier, J. L.; Ganteaume, S.; Binet, J.;
Genty, M.; Ferret, J. M. Strength imbalances
and prevention of hamstring injury in
professional soccer players: A prospective
study. American Journal of Sports Medicine.
Vol. 36. Num. 8. p.1469-1475. 2008.

11-lacono, A. D.; Buksbaum, C.; Padulo, J.;
Hetsroni, I.; Ben-Sira, D.; Ayalon, M. Isokinetic
moment curve abnormalities are associated
with articular knee lesions. Biology of Sport. Vol.
35. Num. 1. p. 83-91. 2018.

12-Dérge, H. C.; Andersen, T. B.; Sgrensen, H.;
Simonsen, E. B. Biomechanical differences in
soccer kicking with the preferred and the non-
preferred leg. Journal of Sports Sciences. Vol.
20. Num. 4. p. 293-299. 2002.

13-Ekstrand, J.; Gillquist, J. Soccer injuries and
their mechanisms: a prospective study.
Medicine and Science in Sports and Exercise.
Vol. 15. Num. 3. p. 267-270. 1983.

14-Eniseler, N.; Sahan, C.; Vurgun, H.; Mavi, H.
F. Isokinetic strength responses to season-long
training and competition in Turkish elite soccer
players. Journal of Human Kinetics. Num. 31.
Vol. 1. p. 159 -168. 2012.

15-Fousekis, K.; Tsepis, E.; Vagenas, G. Lower
limb strength in professional soccer players:
Profile, asymmetry, and training age. Journal of
Sports Science and Medicine. Vol. 9. Num. 3. p.
364-373. 2010.

16-Gleim, G. W.; Nicholas, J. A.; Webb, J. N.
Isokinetic evaluation following leg injuries.
Physician and Sports medicine. Vol. 6. Num. 8.
p. 75-82. 1978.

17-Gonosova, Z.; Stastny, P.; Belka, J;
Bizovska, L.; Lehnert, M. Muscle Strength
Variations of Knee Joint Muscles in Elite
Female Handball Players after Pre-Season
Conditioning. Journal of Human Kinetics. Vol.
63. Num. 1. p. 105-115. 2018.

18-Green, B.; Bourne, M. N.; Pizzari, T.
Isokinetic strength assessment offers limited
predictive validity for detecting risk of future
hamstring strain in sport: A systematic review
and meta-analysis. British Journal of Sports
Medicine. Vol. 52. Num. 5. p. 329-336. 2018.

19-Grindem, H.; Snyder-Mackler, L.; Moksnes,
H.; Engebretsen, L.; Risberg, M. A. Simple
decision rules can reduce reinjury risk by 84%
after ACL reconstruction: The Delaware-Oslo
ACL cohort study. British Journal of Sports
Medicine. Vol. 50. Num. 13. p. 804-808. 2016.

20-Ibis, S.; Aktug, Z. B.; Iri, R. Does individual-
specific strength training have an effect upon
knee muscle strength balances? Knee muscle
strength balances. Journal of Musculoskeletal
Neuronal Interactions. Vol. 18Num. 2. p. 183-
190. 2018.

21-lzovska, J.; Mikic, M.; Dragijsky, M.;
Zahalka, F.; Bujnovsky, D.; Hank, M. Pre-
season bilateral strength asymmetries of
professional soccer players and relationship

Revista Brasileira de Futsal e Futebol

Sao Paulo, v. 14. n. 59. p.485-493. Set./Out./Nov./Dez. 2022.
ISSN 1984-4956 Versao Eletrdonica

www.rbff.com.br

492



RBFF

493

Revista Brasileira de Futsal e Futebol

with non-contact injury of lower limb in the
season. Sport Mont. Vol. 17. Num. 2. p. 107-
110. 2019.

22-Lopez-Valenciano, A.; Ruiz-Pérez, I
Garcia-Gomez, A.; Vera-Garcia, F. J.; Croix, M.
D. S.; Myer, G. D.; Ayala, F. Epidemiology of
injuries in professional football: A systematic
review and meta-analysis. British Journal of
Sports Medicine. Vol. 54. Num. 12. p. 711-718.
2020.

23-Magalhaes, J.; Oliveir, A. J.; Ascensao, A.;
Soares, J. Concentric quadriceps and
hamstrings isokinetic strength in volleyball and
soccer players. Journal of Sports Medicine and
Physical Fitness. Vol. 44. Num. 2. p.119-125.
2004.

24-Nosse, L. J. Assessment of selected reports
on the strength relationship of the knee
musculature. Journal of Orthopaedic and Sports
Physical Therapy. Vol. 4. Num. 2. p. 78-85.
1982.

25-Osternig, L. R. Isokinetic Dynamometry:
Implications  for muscle testing and
rehabilitation. Exerc Sport Sci Rev. Vol. 14.
Num. p. 45-80. 1986.

26-Pérez-Gémez, J.; Adsuar, J. C.; Alcaraz, P.
E.; Carlos-Vivas, J. Physical exercises for
preventing injuries among adult male football
players: A systematic review. Journal of Sport
and Health Science. Vol. 00. Num. 00 p. 00.
2020.

27-Ruas, C. V.; Minozzo, F.; Pinto, M. D,
Brown, L. E.; Pinto, R. S. Lower-extremity
strength ratios of professional soccer players
according to field position. Journal of Strength
and Conditioning Research. Vol. 29. Num. 5. p.
1220-1226. 2015a.

28-Ruas, C. V.; Minozzo, F.; Pinto, M. D.;
Brown, L. E.; Pinto, R. S. Lower-extremity
strength ratios of professional soccer players
according to field position. Journal of Strength
and Conditioning Research. Vol. 29. Num. 5. p.
1220-1226. 2015b.

29-Ruas, C. V.; Pinto, R. S.; Haff, G. G.; Lima,
C. D.; Pinto, M. D.; Brown, L. E. Alternative
Methods of Determining Hamstrings-to-

Quadriceps Ratios: A Comprehensive Review.
Sports Medicine - Open, Vol. 5. Num. 1. p.00.
20109.

30-Séderman, K.; Alfredson, H.; Pietila, T.;
Werner, S. Risk factors for leg injuries in female
soccer players: A prospective investigation
during one out-door season. Knee Surgery,
Sports Traumatology, Arthroscopy. Vol. 9. Num.
5. p. 313-321. 2001.

31-Taskin, H. Evaluating sprinting ability,
density of acceleration, and speed dribbling
ability of professional soccer players with
respect to their positions. Journal of Strength
and Conditioning Research. Vol. 22. Num. 5.
p.1481-1486. 2008.

32-Van Dyk, N.; Bahr, R.; Whiteley, R.; Tol, J.
L.; Kumar, B. D.; Hamilton, B.; Witvrouw, E.
Hamstring and Quadriceps Isokinetic Strength
Deficits Are Weak Risk Factors for Hamstring
Strain Injuries. American Journal of Sports
Medicine. Vol. 44. Num. 7. p. 1789-1795. 2016.

2 - Biomechanics Laboratory, Faculty of
Physical Education and Physiotherapy,
University of Passo Fundo, Passo Fundo,
Brazil.

Authors e-mail:
gus_ghh@hotmail.com
dudufavretto@hotmail.com
williamfin3@gmail.com
mateus_ahlert@outlook.com
cbona@upf.br

Corresponding author:

José Carlos dos Santos Albarello
jose.albarello@peb.ufrj.br

Muscle Biomechanics Laboratory.

Physical Education and Sports School.

Federal University of Rio de Janeiro, Rio de
Janeiro.

Av. Pedro Calmon, 550.

Cidade Universitaria da Universidade Federal
do Rio de Janeiro.

Rio de Janeiro - RJ, Brazil.

CEP: 21941-901.

Received for publication on 24/07/2022
Accepted on 26/08/2022

Revista Brasileira de Futsal e Futebol

Sao Paulo, v. 14. n. 59. p.485-493. Set./Out./Nov./Dez. 2022.
ISSN 1984-4956 Versao Eletrdonica

www.rbff.com.br



