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ABSTRACT

Introduction: Soccer is the most played sport in the world and the one that causes more injuries. Imbalance between knee flexor and
extensor is the main cause of muscle injuries in soccer players. Objective: The aim of this study was to verify the asymmetry and the
correlation between the strength and flexibility of knee flexor and extensor as well as the difference of these variables between the
right and left limbs in youth soccer players. Method: The sample consisted of 45 male youth soccer players for at least a year, aged
between 13 and 16 years (14.7+0.86). The athletes underwent an assessment of flexibility of the posterior chain through the sit and
reach test on Wells’ Bench and an assessment of flexibility of the quadriceps using the Ely’s test, with measurement of passive range
of motion by goniometry. The peak of muscle strength was measured using a load cell (EMG ® System, Brazil). Results: Data analysis
showed difference between the values obtained in the Ely’s test of right and left leg (p=0,03), which did not happen for flexion strength
(p=0.45), extension (p=0.41) and H:Q ratio (p = 0.40) when comparing the two members. It was observed a significant negative correlation
between the H:Q ratio and the flexibility of the posterior chain test either for the right side (r=-0.40; p=0.006) or left side (r=-0.50;
p=0.0004). Also a significant positive correlation was observed between quadriceps strength and flexibility of the posterior chain, both
for the right (r=0.31; p=0.03) and the left side (r=0.32; p=0.02). Just for the left side a significant positive correlation was observed when
compared the flexor muscle strength with the flexibility of the quadriceps (r=0.30; p=0.03). Conclusion: We conclude from this study
that the flexibility of the posterior chain may be related to the strength of the antagonists, however, when the two physical qualities

were compared in the same muscles, it showed no correlation.
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INTRODUCTION

Soccer is a widespread sport, being considered the
most practiced sport in the world, with approximately
200,000 professionals involved and 240 million
practitioners.®) According to research conducted by the
Fédération Internationale de Football Association (FIFA), about
270 million people, including directors, referees and players
are involved in a direct way in soccer.?

The athletes who seek for daily improvements in their
incomes for better visibility and preservation of their career,
due to the high demand by the coaches plus the volume and
load (physical and mental) of the training and the competition
system in soccer with many games played during the season,
they become more prone to musculoskeletal problems. For this
reason, the focus on physical preparation has been much
higher nowadays.*

With soccer appreciation, the clubs have found huge
difficulty in maintaining athletes with high performance due
to high cost, therefore the inclusion and investment in young
athletes in the sport are increasing. ® In our country, the
involvement of children with this modality occurs very early
and, between 10 and 11 years old, they start participating in
championships regulated by the federations.®

Formerly that modality was characterized as a sport
without much contact, in which the art of dribbling was more
privileged. But what was known as “football art” is currently
undergoing a process of transformation to “football force”,
resulting in an increased physical and psychological stress
of the players, increasing incidences of injuries 7 that occur
mainly in the lower limbs and more frequent in knees and
ankles. ® This becomes even more worrying when associated

Corresponding Author: Name: Cristiane Rodrigues Pedroni. Address: Av. Higino Muzzi Filho, 737, CEP 17525-900, Marilia, SP; Telephone: +55 (14) 3402-1300.

E-mail: pedronicr@marilia.unesp.br

2. Ph.D, Professor of Department of Physical Therapy, School of Philosophy and Sciences — Sao Paulo State University - UNESP, Marilia (SP), Brazil.

Full list of author information is available at the end of the article.

Financial support: This study was financed by the School of Philosophy and Sciences - UNESP.

Submission date 1 October 2016; Acceptance date 18 December 2016; Publication date 29 December 2016

Manual Therapy, Posturology & Rehabilitation Journal. ISSN 2236-5435. Copyright © 2016. This is an Open Access article
distributed under the terms of the Creative Commons Attribution Non-Commercial License which permits unrestricted non-
BY NC commercial use, distribution, and reproduction in any medium provided article is properly cited.



Correlation between strength and flexibility (

with young athletes who have an immature musculoskeletal
system.?

The occurrence of injuries in this group may be due to
a number of factors, such as the sport practiced, practice
time and the level in which it belongs (statewide, national
or international), or they may be associated with reduced
flexibility, muscular imbalances, deficit in agility and postural
changes.®

Flexibility is characterized as the maximum amplitude
of a passive joint movement.® Studies have demonstrated
that flexibility has a great contribution to the performance of
strength training and muscle resistance improving the yield
and reducing injuries.®® 0

Many authors describe muscle injury as one of the most
frequent in sports. Among them, there are the hamstrings
muscle injuries, which occur mostly by imbalance between
knee flexor and extensor musculature.” Thus, the balance
of muscle strength and flexibility between the anterior and
posterior thigh is extremely important to prevent injuries.*%*?

In soccer there is great concern in developing strength
and power rating especially of extensor muscles, which is the
most used concentrically at the time of the kick, resulting in
a devaluation in the development of flexibility and muscle
strength of the antagonist muscles.®

Studies of the isokinetic evaluation in athletes showed
that there really is an ideal hamstrings:quadriceps (H:Q) ratio
between the knee flexor and extensor musculature, 4 and
the quadriceps is capable of produce a force three times higher
than the hamstrings.™)

Due to lack of national work related to different methods
of assessing muscle function in young practitioners of soccer
that can offer real information about the muscle function of
these individuals and the difficulties encountered by small and
medium-sized clubs to perform complex physical assessment in
expensive and poorly accessible equipment, we seek through
this study, verify the asymmetry index between knee flexors
and extensors through a simple, practical and more affordable
method.

Thus, the aim of this study was to verify the asymmetry
and the correlation between strength and flexibility of the
knee flexor and extensor muscles, and the difference of these
variables in the right and left limbs of youth soccer players.

METHOD

This study was conducted in accordance with Resolution
466/12 of the National Health Council (Conselho Nacional de
Saude — CNS) and approved by the Human Research Ethics
Committee of the School of Philosophy and Sciences from
the Universidade Estadual Paulista Julio de Mesquita Filho
(UNESP) — Marilia under protocol 0747/2013.

All volunteers and their parents were informed about the
objectives and procedures of the study and signed the Free
and Informed Consent.

\..

MTP&RehabJournal 2016, 14: 494

Were evaluated 45 male players of youth soccer aged
between 13 and 16 (14.7+0.86), belonging to clubs in the city
of Marilia-SP, of any nationality or race, regardless of position,
soccer practitioners for at least one year and participants of
national competitions.

Table 1 shows the anthropometric characteristics of
individuals, who participated in the study, with mean and
standard deviation.

The non-inclusion criteria in the study were athletes aged
under 13 or over 16, soccer players with less than a year of
practice and with some type of musculoskeletal injury in the
lower limb.

The study was conducted in the Musculoskeletal Assessment
Laboratory the Education and Health Study Center (CEES) of
Universidade Estadual Paulista (UNESP) — Marilia-SP.

First the volunteers were subjected to a test to evaluate
the flexibility of the posterior chain through the Wells’ Bench
(WB) Terrazul®, which the height is 35 cm and the width is
40 cm with a standard ruler of 15 cm in the edge, also known
as sit-and-reach test, proposed by Wells and Dillon.*®

The subjects were seated on an exercise mat with their
feet in contact with the anterior surface of the bench.
After the correct positioning, they were told to push the
marker the farthest possible in the ruler of the equipment,
performing a single movement of maximum range; the value in
centimeters (cm) was recorded immediately by the evaluator.
After performing two maximum ranges, was considered
the longest distance achieved by the athlete. The test was
conducted always by the same evaluator, who remained
next to the athlete avoiding that he perform knees flexion or
compensation during the test.

To evaluate the flexibility of the quadriceps was performed
Ely’s test (ET), with measurement of the passive range of
motion by goniometry, performed by the same examiner.

The test consisted of the passive flexion of the knee to the
maximum range of motion or when there was contact of the
heel with the glutes; the athlete remained lying in the prone
position on a stretcher with the arms alongside the body. At the
moment of the maximum range of passive knee flexion was
reached, it was performed goniometry with the goniometer
axis on the head of the fibula, the arm fixed on the lateral
surface of the thigh toward the greater trochanter of the femur
and the arm swing in the fibula toward the lateral malleolus.

TABLE 1. Sample characterization

VARIABLES VALUES
AGE (years) 14.73+0.86
BODY MASS (kg) 63.54+8.35
STATURE (m) 1.74+0.07
BMI (kg/m?) 20.93+2.10
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To measure the peak power (PP) the individuals performed
a test on the leg extension with load cells (LC) (System Brasil®
EMG) coupled to the equipment cable. The LC remained
connected to a digital analog converter (EMG System do
Brasil®). The athletes performed two maximum voluntary
isometric contractions of the quadriceps with the right limb
and two with the left limb, all lasting five seconds, and then
the same was done to evaluate the posterior chain. Before
performing each test, the athletes remained resting for at
least one minute.

The position chosen for carrying out the isometric
contractions was the 60 degrees of knee flexion, both
qguadriceps and subsequent chain because, according to the
literature, in this angulation occurs the production of the
maximum strength of knee extensor and flexors muscle.*®

During the test period the examiner encouraged the
athletes through standardized verbal commands (“c’mon,
c¢’'mon, harder, harder”). They were also told to hold on to the
support next to the equipment itself, do not talk during the
test, do not raise the contralateral leg and/or the hip from the
chair in order to avoid compensation.

After each contraction, were recorded the peak power
values reached, with resolution of 1 kgf and sensitivity of
0.1 kgf, and analyzed using the AgDados® software.

This study used the H:Q ratio, which has been widely used
in the literature®, in order to evaluate abnormal imbalance
between the reciprocal knee muscle. The H:Q ratio was
calculated dividing the maximum value of knee flexion by the
maximum value of knee extension obtained from isometric
contractions. To obtain the percentage the value resulted of
the division was multiplied by 100.

The statistical program used was Graphpad Instat® and the
Kolmogorov-Smirnov test to verify the normality of the data.
The unpaired t test was used to verify the difference between
the values tested in the right and left limbs and the Pearson
test to evaluate the correlation between variables, considering
0.49<R<0.69 moderate values and R 20,7 strong values, and
values with p<0.05 were considered significant.

RESULTS

Among the 45 participating athletes, only 12 had the left
leg as dominant (26.6%) and 33 had the right leg as dominant
(73.3%).

In relation to the flexibility test of the posterior chain
through the Wells’ Bench, were found average values of
28+6.47 cm for the evaluated group. Table 2 shows the average
values found in strength tests, flexibility of the quadriceps and
H:Q ratio. Values obtained in the Ely’s test of the right and
left leg were significantly different (p=0.03), which was not
observed in flexion (p=0.45) and extension (p=0.41) strength
values and H:Q ratio (p=0.40) when comparing the two limbs.

The table 3 shows the values of correlation between H:Q
ratio, flexibility and peak power. Was observed a significant
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negative correlation between the H:Q ratios and the flexibility
test of the posterior chain, which means that the smaller the
ratio, meaning the greater quadriceps force on the flexors, the
greater the flexibility of the posterior thigh. Also in relation
to the flexibility of the posterior chain, there was a significant
positive correlation when related to the quadriceps force in
both lower limbs, indicating that an increase in quadriceps
force was directly related to an increase in the flexibility of
the posterior chain. In addition, was observed a significant
positive correlation between the knee flexor strength and the
flexibility of the quadriceps in the left lower limb.

DISCUSSION

The aim of this study was to verify the asymmetry and the
correlation between strength and flexibility of the knee flexor
and extensor muscles, and the difference of these variables
between the right and left limbs in youth soccer players.

There was a statistically significant difference in the values
obtained in Ely’s test of right and left leg, i.e., the flexibility
of the quadriceps of the right leg was higher than the left
leg. In 73.3% of the subjects, the right leg was the dominant,

TABLE 2. Average values of flexibility of the quadriceps, peak power of the
muscle (kgf) and asymmetry in youth soccer players (n=45)

Right Limb Left Limb
ELY’S (degrees) 144.15+5.4 142.24+45.56*
EXTENSION (Kgf) 64.13+16.41 62.71+16.18
FLEXION (Kgf) 36.08+8.97 36.15+8.75
H:Q RATIO (%) 57.7+13.48 58.9+11.05

*=significant difference between the right and left sides; p<0.05

TABLE 3. Correlation values between the asymmetry, flexibility and peak
power indexes in youth soccer players (n=45).

Correlation r P
H:Q R X WB -0.40 0.006*
H:QLXWB -0.50 0.0004*
H:QRXETR 0.02 0.85
H:QLXETL 0.16 0.28
PPRE X WB 0.31 0.03*
PPLE X WB 0.32 0.02*
PPRF X WB 0.04 0.78
PPLF X WB -0.06 0.68
PPREXETR 0.21 0.16
PPLEXETL 0.15 0.31
PPRF X ETR 0.23 0.11
PPLF X ET L 0.30 0.03*

H:Q R — hamstrings/quadriceps ratio of the right leg; WB — Well’s Bench; H:Q L —
hamstrings/quadriceps ratio of the left leg; ET R — Ely’s test of the right leg; ET L—Ely’s
test of the left leg; PPRE — peak power of right extension; PPLE — peak power of left
extension; PPRF — peak power of right flexion; PPLF — peak power of left flexion; Pearson
Correlation, *p<0.05.
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we can observe that the flexibility of the quadriceps of the
non-dominant leg proved to be reduced in relation to the leg
used to kick. The same was observed in a study conducted
by Daneshjoo et al.“? with professional and youth soccer
players (age: 18.9+1.4), being verified more flexibility of the
posterior chain in the dominant leg than in the non-dominant
leg through the straight leg raise test; which may increase the
incidence of injuries. This difference of flexibility between both
legs can be explained by the preference of using dominant
leg to kick, in which the non-dominant leg ends assuming
mainly postural support function.22) Another explanation
may be that the repeated use of one of the legs to kick can be
compared to a dynamic stretching®?, justifying the increased
flexibility of the dominant side.

In this study, the athletes had a H:Q ratio averaging
57.78%+13.48 to the right leg and 58.89%+11.05 to the left
leg. The percentages obtained in our study are similar to those
reported in the literature®, indicating an ideal H:Q ratio
around 60 and 70% and the force produced by the extensor
muscles tend to be three times greater than the flexor muscles.

Our results are similar to those obtained by Pinto and
Arruda™ in which the mean of H:Q ratio was 57.7% and
Leonardi et al.?Y who obtained H:Q ratios to the right and
left leg respectively 59.81 and 59.44% for soccer field players
and 60.47% and 54.80% for indoor soccer players; But this
study was conducted with professional soccer players, older,
with more workload and consequently greater physical
development.

The literature suggests that in most studies, the values of
the H:Q ratio are obtained from isokinetic assessments1212%
and difficultly are found studies that used this assessment to
obtain the values of H:Q ratio.®®

Despite the lack of studies using the isometric contractions
as evaluation method, high relations between isometric and
isokinetic strength in both quadriceps and its antagonist have
been observed.?? Besides the different forms of evaluation,
the asymmetry indexes may vary according to the type of
sport practiced.®)

Because of the difficult access to sophisticated equipment,
new, simple and accessible evaluation methods have been
used, but there is a need for new studies to support the use
of these tests in clinical practice. This methodology would
allow through alternative methods to select the individuals
who needed a more complex and detailed assessment in more
expensive equipment, such as the isokinetic dynamometer.
Such methods should be easy to use, applicable in a short
period and mainly provide truthful information about the
muscle function that will be evaluated.®?¥

The literature suggests that the value of a muscle group
non-affected can be considered normal, as long as it is equal
or show difference of up to 20% when compared to the
contralateral muscle group in sports activities. Values below
60% have been associated with distension of the hamstring.?Y
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When there are significant imbalances between reciprocal
musculature, there is a predisposition to injuries in joint or
musculatures.®? |n the case of the adequacy of the H:Q ratio
closer to normal, a period of training involving strengthening
of hamstrings is extremely important.©?®

An important finding in our study was the presence of
significant positive correlation between the strength of the
quadriceps with the flexibility of the posterior chain, both
to the right and to the left as well as the strength of the left
flexors with the flexibility of the quadriceps.

There is much controversy about the relation between
strength and flexibility of the muscle. Several studies
conducted in order to relate these two physical abilities have
shown that there is a positive correlation between them, i.e.,
the power gain does not imply increased in flexibility or vice
versa, suggesting independence among them, but most studies
related the two qualities in the same muscle.?728)

In our study we observed relation between muscular
strength and flexibility when compared to antagonists
musculatures, but when compared muscle strength with the
flexibility of the same muscles significant correlation was
observed, demonstrating that the two may be independent
qualities.

However observing the two physical qualities between
agonist and antagonist, it was found that they may be related,
and the training can alter one over the other. Studies have
shown that the association between stretching exercises with
muscle strength training is capable to promote increase in
muscle strength of the antagonist muscles.?>* Thus, coaches,
trainers and professionals who work in sports should pay
attention to the two physical qualities. It is important the
development of both strength and flexibility in a supervised
and controlled manner, so that players can keep an expected
level of balance between the two and, thus, increase their
sports performance.

Based on this study, professionals working in sport can
pay attention to possible physical changes in the balance of
muscle strength and in the flexibility of lower limbs of their
athletes from simple and affordable assessments. Thus, an
individualized and specific work can be done, preventing
the chances of injury, given that most of the time they
occur through muscular imbalances and reduced flexibility.
Furthermore, physiotherapists will be able to perform studies
or clinical protocols within the sports physical therapy for best
performance of the athletes on the field.

Given the lack of studies in the literature correlating
the muscle strength and flexibility between antagonistic
musculatures and the growing number of young professional
or non-professional athletes in soccer, there is a need to
develop further studies as this one, but in longitudinal studies
associating the H:Q ratios and/or flexibility with incidences of
sports injuries.
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This study showed limitations regarding the method used
to evaluate flexibility of the posterior chain because of the
influence of the gastrocnemius muscle and for not specifically
assess the flexibility of the hamstrings. Likewise, there are
limitations to evaluate the flexibility of the quadriceps through
the Ely’s test because of the possible influence that the
increased muscle mass of the gluteus and the hamstrings can
provide during the evaluation.

CONCLUSION

We conclude from this study that the flexibility of
the posterior chain may be related to the strength of the
antagonists, however, when the two physical qualities were
compared in the same muscles showed no correlation and can
be considered independent qualities in this situation.
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