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Abstract:

Kicking ability in soccer has been evaluated predominantly by the maximum ball velocity. The kicking
deficit (KD) may be defined as the percentage of the difference between the maximum ball velocity each
player achieved by the non-preferred leg kick in relation to the preferred leg kick. This study aimed to
compare: side-to-side kicking velocity, vertical jumps and anthropometrics between the younger (G-14) and
older (G+14) than 14 years soccer players. An additional aim was to investigate associations among these
variables. Participants were 92 young elite soccer players from the development programme of a top Spanish
division club. They were divided into two age groups according to their growth and motor development stages
(10.80-13.55 years, n=46; 14.02-16.39 years, n=46). Student’s ¢-test showed that the maximum kicking velocity
with the preferred and non-preferred leg, jumping performance, and all anthropometric measurements were
significantly (p<.01) higher in G+14 compared with G-14. In contrast, KD values remained stable (15.31%-
15.83%) without significant differences between the groups. Pearson’s correlation analysis revealed that
vertical jump tests and anthropometric measurements correlated with kicking ball velocity produced by the
preferred and non-preferred leg. Our results demonstrate that kicking skills are still not consolidated and
power factors may be determinant for kicking performance in young soccer players. In addition, the KD
may be a constant element for both the under and above 14 years soccer players and could result from an

unequal and greater use of the preferred leg in comparison with the non-preferred leg.
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Introduction

Kicking ability represents the most important
soccer-specific skill (Bacvarevic, et al., 2012) since
it is used not only in passes, crosses, and clear-
ances, but also to score goals, thus increasing the
chances of winning games. In fact, an analysis of
the 2010 Soccer World Cup revealed that 80.69%
of the goals were achieved by kicking (Njororai,
2013). Moreover, although accuracy is an impor-
tant factor, kicking performance in soccer has
been evaluated predominantly via the maximum
ball velocity (Markovic, Dizdar, & Jaric, 2006).
It is important for players to achieve a high ball
velocity in soccer goal kicking to give the opposing
goalkeeper less time to react (Dorge, Andersen,
Serensen, & Simonsen, 2002). In addition, the
ability to kick equally with both the preferred and
non-preferred leg leads to an advantage for soccer
players (Grouios, Kollias, Tsorbatzoudis, & Alex-
andris, 2002), since it increases the number of
scoring opportunities (Lago-Pefias & Lago-Ball-
esteros, 2011). Therefore, improving the maximal
kicking velocity with both the preferred and non-

preferred leg must be an important objective for
soccer coaches. Furthermore, the rationale for
training both legs equally is to minimise poten-
tial asymmetry of forces acting on joints, to
reduce muscle imbalances and decrease the work-
load on the preferred leg, which may eventually
lead to overuse injuries (Hides, Stanton, Stanton,
McMahon, & Wilson, 2008). Another reason for
the non-preferred leg to be trained and get strong
enough in soccer players is to support coordinative
motor actions of the preferred leg (Rahnama, Lees,
& Bambaecichi, 2015; Ruas, Brown, & Pinto, 2015).

Despite the importance of the ability to kick
with both the preferred and non-preferred leg in
soccer, there is an agreement across studies that
ball velocity is significantly higher after a kick
performed with the preferred compared with the
non-preferred leg (Barfield, Kirkendall, & Yu,
2002; Dorge, et al., 2002). This pointed to a kicking
deficit (KD) in the non-preferred leg, which could
be in a range of 9.32-18.35% of the kicking ball
velocity with the preferred leg, depending on the
sample features (Rodriguez-Lorenzo, Fernandez-
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del-Olmo, & Martin-Acero, 2015). The KD was
calculated as the average velocity values of the total
sample rather than as individual values (Rodriguez-
Lorenzo, et al., 2015). Nonetheless, one recent
study reported the individual values of the KD
(12.49 £ 3.24%) and defined it as the percentage of
the difference between the maximal ball velocity
each player achieved by the non-preferred leg kick
in relation to the preferred leg kick (Rodriguez-
Lorenzo, Fernandez-del-Olmo, Sanchez-Molina, &
Martin-Acero, 2016). Interestingly, in this study it
was found that KD results were independent of the
absolute maximal kicking ball velocity achieved by
the preferred leg. Therefore, in addition to the abso-
lute maximal ball velocity values, the KD might
also be a helpful index when evaluating and moni-
toring individual capacity of each player to kick
equally with the preferred and non-preferred leg.

Although there are several factors that may
affect maximal kicking ball velocity, such as tech-
nical (Juarez, Lopez, & Navarro, 2010; Nunome,
Lake, Georgakis, & Stergioulas, 2006), biomechan-
ical (Young & Rath, 2011), physiological (Ferraz,
Van Den Tillaar, & Marques, 2012) and muscle
strength factors (Masuda, Kikuhara, Demura,
Katsuta, & Yamanaka, 2005), Rodriguez-Lorenzo,
et al. (2016) suggested that KD could result from
the difficulty of exhibiting the same neuromuscular
skills that occur during kicks with the non-preferred
and preferred leg. This supports the significant rela-
tionship found between the height achieved in the
vertical jump tests (SJ, CMJ, CMJA, 1RJA) and the
maximum kicking velocity with the preferred leg,
but not with the non-preferred one. However, this
study has been conducted with adults and, thus, it
remains unknown whether KD already exists in
young soccer players and if it is associated with
neuromuscular skills, as previously shown in adults.
Indeed, ball velocity increments associated with
age are likely to occur not only due to the skill
development of the kicking pattern, but also due to
the increased absolute muscle strength associated
with growth and maturation (Poulmedis, Rondoy-
annis, Mitsou, & Tsarouchas, 1988; Tol, Slim, van
Soest, & van Dijk, 2002; Wong, Chamari, Dellal,
& Wisloft, 2009).

Therefore, as mentioned previously, the purpose
of this study was to compare side-to-side kicking
velocity, vertical jumps and anthropometrics
between young soccer players under 14 years of
age (G-14) and those over the age of 14 years (G+14).
Moreover, this research aimed at investigating asso-
ciations between these variables.

Methods

Subjects

Ninety-two elite male soccer players, belonging
to the youth development programme of the Real

Club Deportivo de la Corufia, were tested as a part
of their athletic training programme during the final
month of the 2014/2015 competitive season (May
2014). The sample was divided into two subgroups
according to their chronological age (players
younger and players older than 14 years of age).

Groups G-14 (under 14 years) included
46 players (age: 12.18+0.94 years; body mass:
40.86+7.84 kg; body height: 149.60+9.42 cm; body
mass index: 18.09+1.65 kg-m?; goalkeepers: n=6,
defenders: n=16, midfielders: n=10, and attackers:
n=14). They had an average of 4.84+1.17 years of
soccer training experience, trained on average 2.5
times a week, and played one game per week during
the last four years. Thirty-three players preferred to
kick using their right leg, whereas thirteen preferred
their left leg.

Group G+14 (above 14 years) included 46
players (age: 15.04+0.80 years; body mass:
60.72+9.59 kg; body height: 169.34+7.86 cm; body
mass index: 21.09+1.86 kg-m?; goalkeepers: n=6,
defenders: n=16, midfielders: n=12, and attackers:
n=12). They had an average of 7.82+0.79 years of
soccer training experience, trained on average 3.5
times a week, and played one game per week during
the last four years. Thirty-four players preferred to
kick using their right leg, whereas twelve preferred
their left leg.

Experimental procedures of the study were
carried out in accordance with the Spanish laws
that regulated clinical research in humans (Royal
Decree 561/1993), the Organic Law on Personal
Data Protection 15/1999, and the necessary ethics
principles in the 2013 review of the Declaration
of Helsinki. The study was approved by the Ph.D.
Committee of the Faculty of Sport Sciences and
Physical Education of the University of A Corufia
and by club authorities. After receiving a detailed
explanation of the study’s benefits and risks, all
participants and their parents signed an informed
consent form and completed a questionnaire giving
personal, medical and training details. None of the
subjects reported neurological diseases or recent
injuries.

Design and methods

Participants familiarised themselves with
the test procedures in four sessions, which were
conducted once a week starting six weeks prior
to the initial assessment in order to minimise any
learning or habituation effects. Each familiarisation
session consisted of the performance of the same
experimental procedures for kicking and jumping
tests. However, while in the experimental sessions
these tests were carried out on different days, in
these familiarisation sessions they were performed
on the same week day. Participants had seven days
of rest between the last familiarisation session and
the first experimental day.
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Two experimental sessions were conducted
on two days, separated by 48 hours of rest, in the
atmosphere temperature of 16 to 18°C. All tests
were always performed in the same order due to the
availability of sports facilities. However, this order
should not be considered as a factor that affects the
results, since the number of attempts was low and
the rest time between sessions was 48 hours. The
first experimental session started with the anthropo-
metric measurements followed by the vertical jump
tests, because the sports facility where these tests
were made was only available at the beginning of
the training week. The second experimental session
consisted of the maximal kick test. The total dura-
tion of each experimental session was an hour and
a half. To avoid inter-observer variability, the same
experienced investigator tested all subjects.

Testing procedures

Anthropometric measurements

Eleven anthropometric measurements were
recorded according to the International Society for
the Advancement of Kinanthropometry’s protocol
(Marfell-Jones, Olds, Stewart, & Carter, 2006). All
anthropometric measurements were taken twice
on the right side of the body by the same trained
anthropometrist in a standardised order after a
proper regulation of the measuring instruments.

Body mass was measured using a BEW300 plat-
form scale (Adam Equipment Co. Ltd., UK) to the
nearest 0.1 kg. Body height was measured using
a Harpenden stadiometer (Holtain Limited, UK)
to the nearest 0.1 cm. Body lengths and breadths
were measured using a Siber-Hegner anthropometer
(Zurich, Switzerland) to the nearest 0.1 cm. Waist
was measured using a Luftkin W606PM flexible
tape (Cooper Industries, USA) to the nearest 0.1 cm.

Anthropometric variables consisted of eleven
measurements: body mass, body height, two lengths
(trochanterion and tibiale laterale height), three
girths (upper arm flexed and tensed girth; thigh
girth; calf girth), and three breadths (biiliocristal;
biepicondylar femur; ankle breadth). The mean
value of two measurements at each body site was
used for further analyses.

Kicking test

A modified version of the kick test described
by Markovic et al. (2006) was used to measure
maximal ball velocity. Foot preference was self-
selected based on the players’ response to the ques-
tion with which foot they preferred to kick for the
maximal ball velocity measurement. The kicking
test was preceded by a standard 15-minute warm-up
consisting of five minutes of indoor running at a
self-selected pace, a 5-minute active stretching
protocol for the lower limbs (2 sets x 3 repetitions of
hip flexion and extension, hip abduction and adduc-
tion, knee extension and flexion, and ankle plan-

tarflexion—dorsiflexion exercises), six submaximal
and two maximal instep kicks performed by each
leg. The active stretching protocol was included
because it was imposed by the Medical Depart-
ment of the Real Club Deportivo de la Coruia. All
teams must follow the same warming-up procedure
in order to prevent injuries, therefore its inclusion
was respected during the development of the study.

After detailed explanations and a qualified
demonstration, participants performed one prac-
tice trial with each leg. The following three trials
with the preferred and the non-preferred leg were
recorded as experimental trials. Participants were
instructed to perform an instep kick of a stationary
ball of standard size and standard inflation (Fédéra-
tion Internationale de Football Association, FIFA,
standard) as fast as possible towards the radar
gun. To standardise the procedure, participants
were restricted to a 5-step run-up from the posi-
tion directly behind the ball. They were specifi-
cally instructed to focus only on achieving the
maximum kicking ball velocity and the trials that
missed the entire target area were repeated. Only six
players needed to perform additional kicks and the
maximum number of kicks performed by a player
was eight. The order of testing was randomised
between each leg. Each subject had at least 1-minute
rest between two consecutive trials to avoid fatigue.

Kicking performance was assessed from
maximal ball velocity. Velocity, expressed in m/s,
was registered using a stationary Doppler radar
gun (Stalker Sport 2, Stalker Radar, Plano, Texas,
USA) that can measure speeds between 2.23 m's™
and 67.04 m-s™! with accuracy of £0.045 m's. The
radar gun (operating frequency of 24.125 GHz) was
attached to a 0.7 m high stand and positioned behind
a net, approximately five m from the starting posi-
tion of the ball. The size of the net was sufficient to
cover all kicks that deviated less than 15° from the
direction of the radar gun (Markovic, et al., 2006).
The radar gun was consistently calibrated immedi-
ately before the sessions according to the instruc-
tions given in the user’s manual (Campo, Vaeyens,
Philippaerts, Redondo, de Benito, & Cuadrado,
20009).

The highest velocities of both the preferred
and non-preferred legs were selected for further
analysis. The coefficient of variation (CV) from
the three trials was calculated. In addition, the KD
variable was calculated according to the following
formula (Rodriguez-Lorenzo, et al., 2016):

KVdomMax — KVnodommax
KD = - 100
KVdomMax

where KVdomMax and KVnodommax are the
maximal velocities achieved using the preferred
and non-preferred leg, respectively.
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Vertical jump tests

Before the vertical jump tests, the athletes
completed 15 minutes of a standard warm-up
which consisted of 5-minute indoor running at a
self-selected pace, five minutes of the same active
stretching protocol described in the section Kicking
test, two submaximal squat jumps and two submax-
imal countermovement jumps. After the warm-
up, subjects were taught how to carry out each
of the tests and performed one practice trial. The
following two trials were recorded as experimental
trials. Each subject had at least three minutes of rest
between two consecutive trials of the vertical jumps
in order to avoid fatigue.

The squat jump (SJ) and countermovement
jump (CMJ) tests were performed according to the
protocols described by Bosco, Luhtanen, and Komi
(1983). In the SJs, the participants were instructed to
maintain a static semi squatted position (knee angle
around 60-90°, after individual motor adjustment)
for two seconds before starting the jump without
any preliminary movement. Individual ground
reaction force traces were checked to verify that a
countermovement had not occurred, and the trials
in which a countermovement was detected were
considered not valid and were repeated. For the
CMls, the subjects started from an upright standing
position, performed a rapid downward movement
(knee angle around 60-90°) followed by a dynamic
complete extension of the lower limb joints. During
these tests, starting position was with the feet
parallel, shoulder width apart, while hands were
kept on hips throughout the test.

The countermovement jump with arm swing
(CMJA) and a reactive jump with arm swing (IRJA)
tests were performed according to the protocols
described by Acero, Sanchez, and Fernandez-del-
Olmo (2012). In CMIJA, participants performed the
same movement as in the CMJ, but now with an
arm swing movement. In the starting position, the
arms were raised at shoulder level, flexed 90° at
elbows. When participants performed a rapid down-
ward movement, arms simultaneously moved down
with the elbows extended. When the lower limb
joints were extended, the elbows began to flex and
the hands went up to the face height. Finally, when
the maximum height of the jump was achieved,
the shoulders and elbows were locked in place.
For the 1RJA, participants started from an upright
standing position with their feet parallel, shoulder
width apart, and arms straight down to the side of
the body. First, they performed 2-3 progressive two-
legged hops with their knees straight and helping
themselves with the arm swing. Then, they jumped
progressively ever higher during 5-6 seconds in
order to achieve 2-3 maximum height jumps. After
each of the jumps, the landing was made with the
extended feet and knees, as in the take-off position.

All vertical jumps were performed on a force
plate (Quattro Jump, Kisler, Winterhur, UK) in the
following order: SJ, CMJ, CMJA and 1RJA. The
vertical jump height was calculated according to
the following formula (Bosco, et al., 1983):

flight time )2

S_H=05-8" ( 5

where flight time was the time between a take-off
and landing. The greatest heights across all jump
tests was considered for further analysis

Statistical analysis

Normality and homoscedasticity assumptions
were checked respectively with Shapiro-Wilk and
Levene’s tests. A Student’s #-test for independent
samples with the Bonferroni correction was applied
to compare anthropometric and vertical jump vari-
ables between G-14 and G+14 players.

We conducted an ANOVA of repeated meas-
urements with one intrasubject factor (leg) and one
intersubject factor (group) over the maximal kicking
ball velocity and over the within-subject CV of the
kicking velocity. Post-hoc analysis was performed
with #-test and Bonferroni corrections. Effect size
was evaluated with 12 (partial eta-squared).

Pearson product correlation analysis was
performed to assess the relationships between the
kick test (KVdomMax, KVnodomMax), the anthro-
pometric measurements and the vertical jumps (SJ,
CMJ, CMIJA, RJ). All statistical analyses were
performed using SPSS version 21 (SPSS, Chicago,
IL). A p value <.05 was considered statistically
significant.

Results

Normality assumption was not violated. Table
1 shows the results of the #-test to display the mean
data differences between the groups (G-14 and
G+14) for the anthropometric and vertical jump
variables. The jumping performance and all the
anthropometric measurements showed significantly
larger values in group G+14 than in group G-14. The
mean (+ SD) data for maximal kicking performance
and the within-subject CV average of the kicking
velocity, with the preferred and non-preferred leg
for each age group, are presented in Table 2.

The ANOVA of repeated measurements showed
a main effect for Leg (F=365.02, p<.05, 12=0.82)
and Group (F=103.4, p<.05, 12=0.56) over maximal
kicking velocity. There was a significant Leg*Group
interaction (F =5.68, p<.05, n2=0.06.). Post-hoc
analysis revealed that maximal kicking velocity
with the preferred leg (KVdomMax) was signifi-
cantly (p<.001) higher than with the non-preferred
leg in both groups. Maximum kicking velocity with
the preferred and non-preferred leg showed signifi-
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Table 1. Mean (= SD) of anthropometrics, kicking deficit and jump variables between the younger (Group -14) and older (Group

+14) than 14 years soccer players

Group -14 (n=46)

Group +14 (n=46)

Dimension Mean SD Mean SD t Value
Age (years) 12.18 0.94 15.04 0.80 -14.89**
Body mass (kg) 40.86 7.84 60.72 9.59 -10.31**
Stature (cm) 149.60 9.42 169.34 7.86 -10.24**
Body mass index (kg/m?) 18.09 1.65 21.04 1.92 -7.A47**
Trochanterion height (cm) 82.34 10.02 90.96 10.06 -3.89**
Tibiale laterale height (cm) 38.56 3.17 43.13 3.00 -6.69*
Arm flexed and tensed girth (cm) 23.17 2.07 28.40 5.62 -5.69*
Thigh girth (cm) 42.90 4.03 50.60 5.07 -7.64**
Calf girth (cm) 30.34 2.68 35.46 2.99 -8.147*
Biiliocristal breadth (cm) 23.65 1.64 26.70 1.64 -8.40*
Biepicondylar femur breadth (cm) 9.28 0.70 10.02 1.01 -3.89**
Ankle breadth (cm) 6.52 0.58 6.90 0.43 -3.33*
Kicking Deficit 15.31 7.32 15.83 7.88 -0.32

SJ (cm) 4.43 22.84 7.01 -1.69 -14.89**
CMJ (cm) 22.59 4.76 28.32 5.07 -5.33**
CMJA (cm) 25.30 4.98 32.53 5.31 -6.43**
RJ (cm) 23.05 416 27.99 4.40 -5.29**

Note. SJ=squat jump; CMJ=countermovement jump; CMJA=countermovement jump with arm swing; 1RJA=reactive jump with arm

swing; statistical significance: *p<.05, **p <.01

Table 2. Mean values (£ SD) of the maximum kicking velocity and within-subject CV of the kicking velocity between younger

(Group -14) and older (Group +14) than 14 years soccer players

Maximum velocity preferred leg

Maximum velocity non-preferred leg

m/s Ccv m/s Ccv p value'
Group -14 22.25+2.11 5.10+3.69 18.8 £2.28 5.9443.33 .001*
Group +14 27.54+2.45 3.94+2.02 23.14+2.58 5.67+3.50 .001*
p value? .001* .001*

Note. * Significant differences in the maximum kicking velocity between the legs (p value') and groups (p value?)

cantly (p<.001) larger values in group G+14 than
in group G-14.

The ANOVA of repeated measurements showed
a main effect for Leg (F=9.07, p<.05, n2=.10.) over
the within-subject CV of the kicking velocity. The
within-subject CV values of the kicking velocity
were not significantly affected by the group. No
interactions between Leg and Group were found for
the CV of the kicking. Post-hoc analysis revealed
that the within-subject CV of the kicking velocity
with the preferred leg was significantly (p<.01)
lower compared to the non-preferred leg.

Table 3 shows the coefficients of correla-
tion among the variables. There was a significant
high positive correlation between age, body mass,
stature, and kicking ball velocity with the preferred
and non-preferred leg in both age grups. A greater
number of anthropometric measurements corre-

lated with the preferred kicking velocity (20/22)
compared to the non-preferred (16/22) for the total
of the two groups. Maximum kicking velocities
between the legs correlated significantly for both
groups (r=.72, p<.01) (r=.65, p<.01). The results
obtained from the vertical jump tests revealed a
significant and moderate-high relationship between
the maximum kicking velocity with the preferred
and non-preferred legs and the height of each
vertical jump (SJ, CMJ, CMJA, RJ).

Discussion and conclusions

This study aimed to compare side-to-side
kicking velocity, vertical jumps and anthropomet-
rics between soccer players younger (G-14) and
older (G+14) than 14 years. An additional aim was to
investigate associations among these variables. The
main results were that the maximum ball velocity
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Table 3. Correlation values between variables

Maximum velocity

Maximum velocity

Dimension preferred leg non-preferred leg
G-14 G+14 G-14 G+14
Age (years) .689** .632** .525%* .335*
Anthropometric measurements
Body mass (cm) .691** .855** .502** .535%*
Stature (cm) .738** 753** 574** 486**
Body mass index (kg/m?) .374** 719** .210 401*
Trochanterion height (cm) 101 .335* 198 .047
Tibiale laterale height (cm) .684** .306 .565* 222
Arm flexed and tensed girth (cm) .605** .527** 357 419
Thigh girth (cm) .599** .626** .353* .284
Calf girth (cm) .599* 727 .465** 527
Biiliocristal breadth (cm) .645** .587** A470** .221
Biepicondylar femur breadth (cm) .385* .500** .264 .260
Ankle breadth (cm) 493* A76** .298* .365*
Kicking test
Maximun velocity preferred leg - - 723** .650**
Maximun velocity non-preferred leg 723** .650** - -
Kicking deficit 108 108 108 108
Jump test
SJ (cm) .569** 513* 455** 495**
CMJ (cm) .576** 465** .524** A446**
CMJA (cm) .665** .616** .594** .606**
RJ (cm) .302** 317* .505** 420

Note. SJ=squat jump; CMJ=countermovement jump; CMJA=countermovement jump with arm swing; 1RJA=reactive jump with arm
swing; * correlations significant at p<.05; ** correlations significant at p<.01.

after a soccer kick was, for the entire sample, signif-
icantly different between the preferred and non-
preferred leg, indicating a KD in the non-preferred
leg. Furthermore, there were, for each group, signif-
icant correlations between the height achieved in the
vertical jump tests (SJ, CMJ, CMJA and RJ) and
the maximum kicking velocity with the preferred
and non-preferred leg.

To the best of our knowledge, the present study
is the first to report the individuals’ values of the KD
in young soccer players. Surprisingly, our results
showed that KD is a constant element in young elite
soccer players, since their values remained stable
without significant changes between these age
groups: 15.31+7.32% for G-14 and 15.83+7.88% for
G+14. The poorer kicking performance with the non-
preferred leg in elite players shown by the tests was
in agreement with the results obtained in previous
studies (Bacvarevic, et al., 2012; Dorge, et al., 2002;
Nunome, et al., 2006). Those studies reported mean
differences of 15.20% between the preferred and
non-preferred legs in 106 youth Serbian national
players divided into four age groups (12-15). A
similar difference, more specifically of 15.58%,

was also reported (Nunome, et al., 2006) in highly
skilled soccer players (N=5, age=16.8+0.4). Lower
differences (12%) were reported (Maly, Zahalka,
Mala, & Teplan, 2014) in youth Czech national team
players (n=22, age=15.6+0.4 years) and in seven
skilled soccer players (12.95%) (Dorge, et al., 2002).
However, these percentages were calculated from
the total average values reported by those papers,
and this did not allow reliable comparisons across
different studies. Therefore, comparison of our find-
ings to others must be done with caution.

Interestingly, our results show that despite
no significant difference in KD values was found
among age groups, the maximum kicking velocity
with the preferred and non-preferred leg was signif-
icantly higher in G+14. In addition, there was no
correlation between KD and maximal kicking
velocity with the preferred and non-preferred leg
in either age group. Taken together, this discovery
revealed that KD is independent of the absolute
maximal kicking velocity of the player.

In order to explore the nature of KD, we
conducted a correlation analysis for each age group.
We found a significant relationship between the
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height achieved in vertical jump tests (SJ, CMJ,
CMIJA, 1RJA) and the maximum kicking velocity
with the preferred leg. These findings are consistent
with those of Merc¢, Gonzalez, Mayo, Pardo and
Sorli (2004) who reported a moderate significant
relationship between kicking velocity with the
preferred leg and the height reached in SJ (r=.40)
and CMJ (r=41) in young elite soccer players, the
result that was similar to the values obtained in our
study. This discovery agrees with those reported
in adult elite soccer players, (Rodriguez-Lorenzo,
et al., 2016) which described a moderate signifi-
cant relationship between kicking velocity with the
preferred leg and the height reached in SJ (r=.48),
CMIJ (r=.58), CMJA (r=44) and RJ (r=51) in
adult elite male soccer players. Higher correlation
(r=0.91) was found by Clark and Brooks (2011) with
CMIJ in adult elite female soccer players, which was
in contrast to other studies that showed low signifi-
cant relationships (Sousa, Garganta, & Garganta,
2003) or no significant relationship (Juarez, et al.,
2008, 2010) between SJ and CMJ with maximal
kicking velocity with the preferred leg. Several
methodological factors such as the use of different
testing protocols and instruments, the moment of
the season when the test was carried out, and the
subjects’ expertise level and age can help explaining
these differences.

Interestingly, we also found a significant rela-
tionship between the maximum kicking velocity
with the non-preferred leg and the height achieved
in the vertical jump tests. In contrast to the preferred
leg, the relationship between kicking velocity with
the non-preferred leg and the vertical jump perfor-
mance has received minimal research attention in
the literature. To the best of our knowledge, only
one study, conducted by our group, in elite adult
players attempted to examine this relationship
(Rodriguez-Lorenzo, et al., 2016), and found that
this correlation was absent using exactly the same
methodology as the present study. Nunome et al.
(20006) attributed the differences in kick biome-
chanics between the two limbs to the skill level
of the players (Nunome et al. 2006), i.e. the higher
the skill level, the greater the importance of the
coordination factors. Furthermore, Schmidt (1988)
indicated that the expertise when accomplishing a
task was related to lower variability in performance.
Higher within-subject CV (5.16) values were found
in the present study, compared to those reported in
our previous study with adult soccer players (1.16).
Also a lower maximal kicking performance was
discovered. Those two facts indicate that kicking
skill in young soccer players has not been consoli-
dated yet. Moreover, although a correlation does
not imply causality between variables, our results
suggest that power factors might play an impor-
tant role in kicking performance of young soccer
players. However, in adult soccer players, high

muscle specificity, developed due to a higher prac-
tice time accumulation (Shan, 2009) and a higher
use of the preferred leg versus the non-preferred
one (Oliva, et al., 2015) may lead to a better inter-
segmental pattern and transfer of velocity from the
foot to the ball when kicking with the preferred
leg (Dorge, et al., 2002). Indeed, during a soccer
game, the use of the preferred leg occurs about
90% of the time in controls, passes, and crosses of
the ball, and about 70% in kicks aimed at the goal
(Oliva, et al., 2015). As a result, the soccer player
develops a highly specific muscular function for
each leg. While the non-preferred leg is trained to
be activated in an isometric fashion (to provide a
stable platform for the swing of the kicking leg), the
preferred leg is characterised by an explosive action
(Dorge, et al., 2002; Young & Rath, 2011). This
muscle specificity could be compromised during
the kicking action with the non-preferred leg, which
may explain the lack of correlation with the vertical
jump in adult soccer players.

For instance, in both G-14 and G+14 groups,
most of the anthropometric measurements were
significantly associated with the maximal kicking
velocities achieved with the preferred and non-
preferred leg. The present findings seem to be
consistent with another research conducted in
young soccer players, which found that maximal
kicking velocity was significantly correlated with
body mass, height and body mass index (Bekris,
et al.,, 2015; Brahim, Bougatfa, & Mohamed,
2013; Wong, et al., 2009). However, adult soccer
players did not show any correlation between those
parameters (Rodriguez-Lorenzo, et al., 2016). One
possible explanation is that during the prepubertal
and pubertal periods, transitory anthropometrical
features associated with physical and maturity
process, such as weight, height and strength (Figue-
iredo, Gongalves, Coelho, Silva, & Malina, 2009;
Malina, et al., 2000, 2005; Ré, Cattuzzo, Santos,
& Monteiro, 2014) may have a high influence on
the kicking performance. However, after puberty,
when the transitory differences associated with the
maturity process cease to exist, the anthropometric
variables have less importance in the performance.
Accordingly, selecting young players based on their
anthropometric characteristics could only provide
short-term benefits in soccer team performance.
Once players complete their physical growth, the
anthropometric advantages decrease and technical
and tactical factors become significantly more
important (Ré, Corréa, & Boehme, 2010). There-
fore, technical and tactical factors should be mainly
considered in the selection process of young soccer
players (Reilly, Williams, Nevill, & Franks, 2000;
Wong, et al., 2009).

Taking into account all the above-mentioned
considerations, it seems that KD has a multifactorial
nature and, thus, it can result from the influence of
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different factors, which correlate and influence each
other, according to the experience of the player. This
is of relevance to establish the best training proce-
dures in order to reduce the KD. Our outcomes are
in line with the result of other very recent studies
(de Villarreal, Suarez-Arrones, Requena, Haff, &
Ferrete, 2015; Ramirez-Campillo et al., 2014, 2015)
that demonstrated that the application of different
strength training programmes (jumps and sprints,
and plyometric exercises adapted to the age of our
player) can increase ball velocity values in young
soccer players. Furthermore, this kind of training
should be incorporated in the daily workout routines
since we can improve, at the same time, two of
the most important and determinant soccer skills:
jumping (heading) and kicking. However, it has
been recommended that strength training should
be integrated with other types of training involving
the actual movement pattern to increase the perfor-
mance within more complex movement patterns
and in combination with regular soccer training
(Aagaard, Simonsen, Trolle, Bangsbo, & Klausen,
1996; Manolopoulos, Papadopoulos, & Kellis,
2006). It has been proved that incorporating analyt-
ical tasks to improve kicking performance with the
non-preferred leg increases the use of this leg by the
player during competition (Guilherme, Garganta,
Graga, & Seabra, 2015). However, this action should
not be limited to analytical tasks and coaches should
also reward and give more reinforcing positive feed-
back to their players to continue using their non-
preferred leg in other parts of training sessions
and matches, avoiding negative feedback when
players fail to do so (Velazquez & Jorge, 2012).
These behaviours should be a determining factor
for consolidating performance improvement with
the non-preferred leg and gradually reducing KD in
order to reach a point where players perform well
with both the preferred and non-preferred leg and
where they do not have to resort to safety situations
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