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Abstract

Objective The purpose of this investigation was to assess the muscular strength of the knee extensors and flexors muscles,
agility and functionality between dominant leg (DL) vs. non-dominant leg (NDL) of professional soccer players during
pre-season.

Methods Twenty-two healthy male professional soccer players (25.1 +3.8 years; 182.1+5.9 cm; 79.3 +5.4 kg; body fat
14.6 +3.8%) from a club of the Brazilian second-division soccer league participated in this study. All soccer players under-
went three tests to assess strength, power, and physical performance with an interval of 48 h inter-sessions. During the first
assessment session, isokinetic tests were performed in which athletes performed maximal isokinetic concentric and eccentric
contractions, as well as maximal isometric contractions. In the second and third assessment sessions, single leg step down
and agility tests were performed, respectively.

Results Maximum voluntary isometric contraction (MVIC) results showed a significant difference (p <0.04) between DL
compared to the NDL for absolute and relative values. But, the isokinetic variables of knee extensors at 60°/s (total work
and power) were significantly higher (p <0.03) in NDL. Pearson’s correlation was found to be significant between MVIC
and single leg step down (SLSD) test for DL (r=0.70, p=0.0001) and NDL (»r=0.58; p=0.002).

Conclusion The results confirm that DL shows greater isometric strength than NDL. However, NDL revealed an increase
in the total work and power output in professional soccer players. Furthermore, the SLSD test is recommended because it
proved to be a good method for evaluating muscle strength by a positive correlation with MVIC.
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Introduction contributed to a lower in aerobic fitness, greater of muscle

strains, especially in the thigh region and greater propor-

Professional soccer season usually lasts from 10 to
11 months which the pre-season plays an important role
in assessing, identifying injury risks, and planning train-
ing for the entire season. Pre-season is the period during
a season with the highest training load for being relatively
short (between 4 and 6 weeks) which is characterized by an
increase of the physiological adaptation to training load and
fitness level, but this improvement may not be sufficient to
handle the intensity and stress associated with competitive
soccer, leading to a higher risk of injuries [1, 2]. Some stud-
ies have shown that a pre-season with highest training load
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tion of overuse injuries, including tendinitis and paratend-
initis [1, 3-5]. Besides, it is important to verify whether
pre-season matches are as competitive as in-season matches
and whether friendly matches present higher injury risk than
normal team-based training.

The substantial physiological demands, training intensity,
and the body contact between players account for the gen-
erally high injury incidence in this sport and 70% of them
occur in the lower limbs, even by the nature of the sport
that requires movement of this body region [6-8]. Exercise-
induced muscle damage is characterized by a temporary
decrease in maximal force-generating capacity, impaired
physical performance, an increase in intracellular proteins
in the blood, muscle soreness, and swelling in and around
the involved muscle groups [9, 10]. In this way, neuromuscu-
lar and functional assessment applied to soccer has allowed
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a better understanding of the physiological responses and
injury prevention associated with training load during pre-
season [1, 2, 8]. Hence, measurement of muscle strength,
power output, agility, and functionality are crucial for pro-
viding information regarding the muscular condition in addi-
tion to functional capacity during pre-season [11]. These
neuromuscular and functional information are important
to understand the relationship of morphological and neural
factors including muscle cross-sectional area and architec-
ture, musculotendinous stiffness, motor unit recruitment,
rate coding, motor unit synchronization, and neuromuscu-
lar inhibition. Such combinations of factors are associated
with enhanced external mechanical power, general sports
skill performance, decreased injury rates, and training load
monitoring [12—14]. On the other hand, it is important to
assessment between dominant leg (DL) vs. non-dominant
leg (NDL) because soccer players may suffer imbalanced
between DL and NDL as an effect of specific technical
movements during matches and training, consequently,
asymmetrical pattern may cause functional or even structural
disproportionateness [15, 16].

The difference of strength between DL vs. NDL has been
the topic of several studies that identified the bilateral asym-
metry (BA) is detrimental to performance, increasing the
risk of injury [15, 16]. Some studies report that BA higher
than 10% results in a loss of muscle power, slower change
of direction speed times, and increased risk of lower limb
injuries [17, 18]. Further, soccer players with strength asym-
metries > 15% are four-to-five times more likely to sustain a
hamstring strain [19]. Therefore, the purposes of this study
were to assess the muscular strength of the knee extensors
and flexors, agility, and functionality between DL vs. NDL
of professional soccer players during pre-season.

Methods
Participants

This study included 22 healthy male professional soccer
players (age 25.1 + 3.8 years; height 182.1+5.9 cm; body
mass 79.3 +5.4 kg; body fat 14.6 +3.8%) from a club in
Brazil participating in second-division national competitions
organized by the Brazilian Soccer Confederation. The par-
ticipants’ training frequency was 6.1 +0.5 days/week, with
a mean duration for each session training of 65 min, using
training programs consisting of jumps, contesting posses-
sion, sprints, accelerations, and decelerations. All data col-
lection was carried out at the beginning of training sessions
during pre-season.

The participants were eligible if they had not been smork-
ers for the previous 3 months or more; had no cardiovascular
or metabolic diseases, systemic hypertension (140/90 mm
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Hg or use of antihypertensive medication), recent musculo-
skeletal injury (in the last 6 months), or pain in any region
of the body; and had not used anabolic steroids, drugs or
any medication with the potential to impact physical per-
formance (self-reported). This study was approved by the
institutional Ethics Committee for Human Experiments
(CAAE: 76189817.0.0000.5235) and was performed by
national standards in sport and exercise science research.
All participants signed the informed consent form.

Study design

This is a randomized comparative study. The sample size
was determined by including all participants that complied
with the eligibility criteria. All soccer players underwent
three tests to assess strength, power, and physical perfor-
mance with an interval of 48 h inter-sessions. During the
first assessment session, isokinetic tests were performed in
which athletes achieved maximal isokinetic concentric and
eccentric contractions, as well as maximal isometric contrac-
tions on a Biodex isokinetic dynamometer (60°/s). In the
second and third assessment sessions, single leg step down
and agility tests were assessed on the same soccer field,
respectively. The isokinetic and the single leg step down
tests were taken in a temperature-controlled environment
(temperature 21 °C, 65% relative humidity) by a Hygro-
Thermometer with Humidity Alert (Extech Instruments,
Massachusetts, EUA). All assessments occurred between
8:00 and 9:00 AM and were taken at the beginning of the
pre-season.

Anthropometric measurements

Body composition was measured following an 8-h overnight
fast by bioelectrical impedance analysis using a device with
built-in hand and foot electrodes (BIO 720, Avanutri, Rio de
Janeiro, Brasil). The participants wore their normal indoor
clothing and were instructed to stand barefoot in an upright
position with both feet on separate electrodes on the device’s
surface and with their arms abducted and both hands grip-
ping two separate electrodes on each handle of the device
[8, 14]. All biometric measurements were carried out in an
air-conditioned room (21 °C). No clinical problems occurred
during the study.

Isokinetic and isometric testing

Assessments were made on an isokinetic dynamometer (Bio-
dex System 4, Biodex Corporation, Shirley, NY, USA) was
used to measure peak torque values, torque angle, total work,
hamstring/quadriceps ratio (H/Q ratio) and maximum vol-
untary isometric contractions (MVIC). Before the isokinetic
test, all soccer players performed a warm-up exercise for
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10 min on stationary cycling (no resistance) with moderate
velocity (70-80 rounds per minute). The measurements for
the knee flexion and extension were carried out in a sit-
ting position. The soccer players sat on the dynamometer
chair with their torsos positioned at 85° with the motor axis
aligned to the knee joint axis. The motor axis was visually
aligned with the axis of the knee. All athletes were also
stabilized with belts around the torso, pelvis, and thigh to
avoid compensatory movements. Thus, only the knee to be
tested was moving with a single degree of freedom. The
knee extensors and flexors in the dominant (DL) and non-
dominant leg (NDL) were tested concentrically. Isokinetic
tests were carried out by random sampling. Athletes were
instructed to push the lever up, and pull it down, as hard
and fast as possible with extension undertaken first for con-
centric contractions. On the other hand, during eccentric
contractions, athletes were instructed to resist the lever arm
with extension as the first movement [16].

All athletes performed five continuous maximum effort
concentric contractions of the knee flexors and extensors for
both legs in random order at the angular velocity of 60°/s
[16]. All evaluations were carried out by the same investiga-
tor and a variation coefficient below 10% was employed to
estimate whether trials were valid. Peak torque was normal-
ized and expressed relative to body mass. The difference

Fig. 1 Schematic image of the
agility test

between DL and NDL peak torque of the flexors and exten-
sors was analyzed. The H/Q ratio was taken from the ratio of
peak torque between the knee flexors and extensors at 60°/s.
Maximum voluntary isometric contractions (MVIC) were
conducted in the same equipment and positioning, where
individuals were instructed to sustain 5-s maximal isometric
contractions at a fixed knee joint position at 70°. All tests
(i.e., concentric contractions of the knee flexors and exten-
sors and isometric test, respectively) used a 5-min recovery
between them. All participants were strongly encouraged to
give a maximal effort for each action.

Agility test

The protocol of the agility test consisted of four sprints
(right =two sprints; left=two sprints) with 2-min rest
between each one of them. The athletes, wearing footwear,
started 30 cm behind the photocell beam (Brower Timing
System, Salt Lake City, 174 UT, USA; accuracy of 0.01 s)
and sprinted 10 m forward making a change of direction
at the first point (Fig. 1). The athletes sprinted more 5 m
making a second change of direction on the perpendicular
and from the third point, making a new change of direc-
tion to accelerate in a straight line for 15 m over the initial
start line to complete the run (Fig. 1) [11, 18]. The fastest
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times were recorded by photocell beam for data analysis.
Verbal encouragement was always provided, and no one was
excluded through injury during the experimental procedure.
This test is valid when it exhibits reliability that is higher
than 0.90.

Single leg step down test (SLSD test)

SLSD test started with individuals stood on an 8-inch
wooden box, assuming a single-limb stance, hands in the
hip and performing a squat that required the heel of the free
leg to make contact with a scale on the floor to confirm a
successful trial. They were required to make contact with the
scale but not exceed 10% of body weight to prevent weight
transfer off of the test limb. Upon contacting the scale, they
returned to the starting position. Individuals were asked
to complete as many step-downs as possible in 60 s. Step-
downs were not counted if the person did not make contact
with the scale, transferred > 10% of body weight onto their
free limb when contacting the scale, or did not fully return
to the starting position [20].

Statistical analysis

All data are presented as mean + SD. Statistical analysis was
initially performed using the Shapiro—Wilk normality test
and the homocedasticity test (Bartlett criterion). Student’s
t test was used to assess differences between neuromuscu-
lar and performance response (dominant leg—DL vs. non-
dominant leg—NDL). The effect size (ES) of the difference
between DL and NDL was assessed using Cohen’s d [21].

Values of d<0.1, from 0.1 to <0.20, from 0.20 to < 0.50,
from 0.50 to <0.80, and > 0.80 were considered as trivial,
small, moderate, large and very large, respectively. Cor-
relations between variables were assessed using Pearson
correlation coefficients and their corresponding 95% con-
fidence intervals. The significance level was set at 0.05 and
the software used for statistics was GraphPad® (Prism 6.0,
San Diego, CA, USA).

Results

Table 1 represents the values of MVIC between DL vs.
NDL. Statistical results showed a significant difference
between DL compared to the NDL for absolute and relative
values (A% =4.6%).

Table 2 compares the isokinetic variables of knee exten-
sors at 60°/s between NDL vs. DL. Student’s ¢ test showed
no significant difference between NDL vs. DL concerning
values of absolute and relative in peak torque. On the other
hand, the variable work and power (absolute and relative
repetitions) were significantly higher (p <0.03) in NDL
when compared to DL (Table 2). In contrast, none of the
isokinetic variables related to knee flexors at 60°/s showed
a significant difference between DL vs. NDL (p > 0.05)
(Table 3). It is worth mentioning that the magnitude of
the effect showed results between trivial and moderate,
except for the relative power of the knee extensors. The
H/Q ratio showed no significant difference in relation to
peak torque values (DL =0.69 +0.1 vs. NDL=0.64 +0.1;
A% =11%; p=0.13).

Table 1 Mean + SD values of absolute and relative values of MVIC between NDL vs. DL of professional soccer players during pre-season

Variables DL NDL 95% C1 p< ES
MVICsolute (Nm) 366.4+59.4 349.3+58.7 —17.1(-339a-02) 0.04 0.23 (moderate)
MVIC™¥ (Nm/kg) 43+0.6 4.1+0.6 —0.1(=03a—-0.0) 0.04 0.28 (moderate)

DL dominant leg, NDL non-dominant leg, ES effect size

Table 2 Comparisons of isokinetic variables of knee extensors at 60°/s between DL vs. NDL in professional soccer athletes

Variables DL NDL 95% C1 p< BA (%) ES

Peak torque"‘bs"l‘lle (Nm) 261.5+41.9 280+45.3 18.8 (= 1.6 @ 39.3) 0.06 10.1+7.9 0.43 (moderado)
Peak torque“’l'““ive (Nm/kg) 3.1+04 3.3+0.5 0.2(=0.02a0.4) 0.06 0.48 (moderado)
Angle peak torque (°) 67.6+5.7 66.1+3.9 -15(-50a19) 0.34 0.32 (moderado)
Work?bsolute (J) 290.3+47.3 3109527 20.5 (2.3 a 38.6) <0.03 + 0.40 (moderado)
Work™4tve (J/kg) 34+05 3.7+0.7 0.2 (0.02a0.4) <0.03 - 0.42 (moderado)
Power ™ol (W) 164.5+31.1 179.7+31.9 15.2 (3.8 a 26.6) <0.01 10.8+7.5 0.48 (moderado)
Power e (W/kg) 1.9+0.3 2.1+0.3 0.2 (0.04 a 0.3) <0.01 - 0.56 (grande)

Power and work are average values per repetition
DL dominant leg, NDL non-dominant leg, BA bilateral asymmetry, ES effect size
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Table 4 showed no significant difference between DL
vs. NDL for the agility test, (speeds in m/s and km/h) and
SLSD test. Pearson’s correlation was found to be signifi-
cant between MVIC and the number of repetitions for DL
(r=0.70, p=0.0001) and NDL (r=0.58; p=0.002) during
the SLSD test (Fig. 2a, b).

Discussion

This study aimed to assess the neuromuscular and functional
responses of professional soccer players during pre-season.
The main results obtained with this study were that (a) DL
was greater when compared NDL during the evaluation of
the MVIC, (b) NDL revealed a significant increase in total
work and muscle power of knee extensors (absolute and
relative values), and (c) a correlation between was found
between SLSD test and MVIC for DL and NDL.

Table 3 Comparisons of isokinetic variables of knee flexors at 60°/s between DL vs. NDL in professional soccer athletes

Variables DL NDL 95% CI p< BA (%) ES

Peak torque?®*°™® (Nm) 179.1+£32.6 178.5+31.1 —-0.5(-14.7a13.6) 0.92 8.67+6.4 0.01 (trivial)

Peak torque™?1*® (Nm/kg) 2.1+0.3 2.1+0.3 —0.001 (- 0.17a 0.17) 0.98 - 0.0 (trivial)

Angle peak torque (°) 35.3+10.6 32.8+7.8 —-25(=71a2.1l) 0.25 - 0.26 (moderado)

Work?0selute 230.9+39.2 221.1+42.1 -9.8(-323a12.7) 0.35 10.6+8.4 0.24 (moderado)

Work™!i¥e (J/kg) 2.7+0.4 2.6+0.5 -0.1(-0.3a0.1) 0.41 - 0.22 (moderado)

Power®°1e (W) 130.8 +£22.6 131.1+£24.5 0.3 (- 10.2a10.9) 0.94 9.9+6.2 0.01 (trivial)

Power™atve (W/kg) 1.5+0.3 1.5+0.2 0.001 (= 0.1 a0.1) 0.97 - 0.0 (trivial)

Power and work are average values per repetition

DL dominant leg, NDL non-dominant leg, BA bilateral asymmetry, ES effect size

Table 4 Comparisons of Variables DL NDL 95% CI p<  ES

functional test variables

between DL vs. NDL of Agility test (s) 75403 75+02  0.1(=0.07a0.2) 0.24 0.0 (trivial)

professional football athletes Agility test (m/s) 3.740.1 36+0.1 —005(=0.1a0.03) 021  0.37 (moderado)
Agility test (km/h) 13.2+0.5 13.0+0.4 —-0.1(-044a0.1) 0.22 0.44 (moderado)
SLSD 38.5+8.5 38.0+9.6 —-05(-3.6a2.6) 0.73 0.05 (trivial)

DL dominant leg, NDL non-dominant leg, SLSD single leg step down test

(A) 500 - (B) 500 -
.
= % a)
— 400 - % Z 400
£ . £
2 oS :
2 300- -4 ¢ © 300
= =
¢ .
200 - 200-

r T T T T 1

10 20 30 40 50 60
SLSD test DL (repetitions)

r T T T T 1

10 20 30 40 50 60
SLSD test NDL (repetitions)

Fig.2 Scatter plots show the correlation (Pearson’s coefficient) between MVIC and the number of repetitions during single leg step down test

(SLSD) for NDL and DL
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Quantification of muscle strength is an essential compo-
nent of the neuromuscular assessment in athletes, being an
important component of fitness for successful soccer play
[12—14]. The neuromuscular assessments in professional
soccer players have been mostly based on maximal strength
assessed under non-fatigued and shorter muscle lengths [8,
22]. Some studies showed a difference of 6.8—7.8% between
DL in relation to NDL during MVIC test in non-athletes
individuals [23, 24]. On the other hand, our findings showed
a significant difference of 4.6% between DL vs. NDL dur-
ing the MVIC test. Corroborating with our results, a study
observed that young soccer players showed a 5.2% increase
in the MVIC in DL when compared to NDL [25]. How-
ever, the difference of maximal strength values between DL
and NDL measured by MVIC remains unknown and with-
out reference values in professional soccer players during
pre-season. Despite our results showing a BA <10%, it is
important to mention that muscle injury frequency caused
by strength asymmetry is significantly increased for unbal-
anced soccer players up to 16%; compared to 4% for bal-
anced players [19].

The total work is defined as the energy developed by
the muscle (action of a force) through a specified distance
in space (product of the torque during all its displacement
angular) [26]. The lower the angular speed, the greater the
work. Although some studies show a bilateral difference in
knee flexors, our findings showed that total work (absolute
and relative values) were significantly higher in NDL when
compared to DL during knee extension. On the other hand,
our examined soccer players, with an angular velocity of
60°/s, the average bilateral relationship was 8.8 +6.3%, but
bilateral asymmetry (> 10%) in pre-season testing was lower
than 10%. Consequently, total work for providing informa-
tion in terms of the muscle ability to generate strength over
a longer time leads us to understand that this difference at
60°/s represents a lower risk of injury when compared to
higher velocities because the majority of muscle injuries
occur during higher velocity movements [16, 27]. It is worth
mentioning that despite the bilateral difference being < 10%
in 60°/s, this fact does not exclude the need to conduct indi-
vidual evaluations to identify this potential injury risk fac-
tor. Concerning power, this variable is characterized by the
pattern of realized total work divided by contraction time.
Hence, the angular velocity is directly proportional to the
power in which the greater the angular velocity, the greater
the power [26]. Following the results of the total work,
the power values (absolute and relative) were significantly
higher in NDL when compared to DL during knee exten-
sion. However, the lower extremity muscle power bilateral
difference was less than 15% (10.8 +7.5%). But, despite the
bilateral difference being < 15% in 60°/s, it becomes irre-
sponsible to allow an athlete to maintain their training, and
competitions with an inadequate functional power favor the
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predisposition of muscle injury and/or submaximal perfor-
mance [17, 19]. In general, these results make us believe that
the bilateral difference found in the total work and power
for the knee extensors muscle can be explained by the spe-
cific motor demands during the soccer activity; i.e. while
the dominant leg exerts its specific action, the non-dominant
leg remains active, providing postural (stabilizing) support
[16, 27, 28]. In particular, the dominant leg kicks while the
non-dominant leg actively contributes with the knee and hip
flexion and extension are required to support the individual’s
weight [27]. Also, it is important to mention that the per-
formance of power on an isokinetic dynamometer may be
quantitatively accurate and reliable; however, it does not
necessarily insinuate adequate functionality during activity.

SLSD test has been commonly used for evaluations of
neuromuscular control, screening for injury prevention,
appraising athletic injuries, functionality, and endurance of
the lower limb for involving repetitive eccentric and concen-
tric contractions of the quadriceps [20, 29, 30]. However,
we found no studies that correlated the performance during
SLSDs tests and muscle strength between DL and NDL in
professional soccer players. Our results showed a positive
correlation between the performance during SLSDs tests
and MVIC. Some studies observed a vastus medialis activ-
ity equal to 27 +12% MVIC and a vastus lateralis activity
of 32+3% MVIC during SLSDs tests [29, 31]. During the
SLSD test occurs an eccentric contraction of the quadriceps
demanding greater vastus medialis activity for control the
excursion of the body’s center of mass over a single leg [29].
Howeyver, it has been observed that concentric contractions
produce greater activity than eccentric contractions for both
the vastus lateralis and the vastus medialis during the SLSD
test [31]. Thus, it is suggested that the number of motor units
and frequency of activation of those motor units is less for
eccentric contraction than for concentric contraction [32,
33]. This result is mainly attributed to economical tension
development which might be a result of better utilization of
elastic energy it takes to step up against gravity (concentric
phase) [31]. In addition, it is important to mention that the
hip abductor muscles contribute to a pelvis and lower limb
stability by eccentric control during weight-bearing activi-
ties [30, 34]. On the other hand, significant strength defi-
cits during the SLSD test contribute with a lower extremity
kinematic pattern consisting of hip adduction, internal rota-
tion, and knee valgus. Consequently, it has been proposed
that strength deficits and biomechanics changes increase the
risk factor for patellofemoral pain syndrome, iliotibial band
friction syndrome and anterior cruciate ligament injury [12,
20, 34, 35]. Thus, the SLSD test may be a simple/economic
method in clinical practice for evaluating muscle strength for
presenting a positive correlation with MVIC.

The limitation of the study is the absence of measures of
physiological parameters of physical exertion, which would
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be interesting; this yet does not affect the answer to the study
question. However, our sample was homogeneous although
longitudinal studies are needed to define a cause-and-effect
relationship among training sessions, strength muscle, physi-
ological adaptations, and bilateral deficit in professional soc-
cer players.

Conclusion

The results of this investigation confirm that DL shows
greater isometric strength than NDL. On the hand other,
NDL revealed an increase in the total work and power output
in professional soccer players. Furthermore, the use of the
SLSD test is recommended because it proved to be a good
method for evaluating muscle strength by a positive correla-
tion with MVIC. Thus, these assessments may be a helpful
for coaches, physicians and physical therapists regarding
neuromuscular performance, injury prevention and recov-
ery strategies.
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