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Speed and change of direction (CoD) are important factors in the soccer, develop from child-

hood and determine the performance of soccer players. Aim. The purpose of this study was to
examine the development of speed and CoD in pre- and adolescent soccer players and also
to examine any differences on CoD performance associated with CoD right (CoDR) or left side
(CoDL). Materials and Methods. The study involved 75 soccer players divided into 3 different
age groups (U12, Ul4 and U16). The players performed a 20m sprint in straight line and CoD
on both sides using the Arrowhead Agility Test (AAT). Results. Significant differences between
ages were recorded in speed (F(;.7,) = 118.9; p = 0.000)) and CoDR (F, 7, = 8.668; p = 0.000),
with U16 being superior to other ages, while significant difference in CoDL was observed be-
tween Ul4 and U16 with U12 (p = 0.007 and p = 0.000, respectively) but not between U14 and
U16 (p = 0.159). Conclusion. Speed and CoD appear to develop with age, but CoDL, as measured
by AAT, appears to be influenced by the use of dominant foot (DL).
Keywords: agility, Arrowhead Agility Test, sprint, sports performance.

Introduction

The ability to change direction (CoD) and
speed in pre-designed movements is referred as
CoD speed (or simply CoD) [21]. During a soc-
cer game, a player performs approximately 700
CoD at various angles [3]. CoD ability is consi-
dered an important physical property, that deter-
mines a successful game performance [7, 17],
while in professional soccer CoD seems to influ-
ence the result of the game [26].

Maximum speed in team sports, such as soc-
cer, is also considered a key element for success
[27], with 96 % of sprints in a soccer game to be
less than 30 m and approximately half of them
(49 %) less 10 m [26]. Even in younger ages,
soccer players run at speeds over 18 km/h for 2
to 3 seconds duration at frequency of approx-
imately 120 seconds between them [4].

Both properties, speed and CoD, improve
from 5 years of age to adulthood [15] with peak
improvement around the same age with Peak
Height Velocity (PHV), which fluctuates between
13.8 and 14.2 years old for the boys [20].
Increased hormone secretion, maturation of neu-
romuscular system [15], increased strength
through increased muscle mass [28] and anthro-

pometric factors (height, weight, leg length) [16],
are considered factors to improve speed and CoD
performance with increasing age.

There are several studies that have examined
speed and CoD performance in pre- and adoles-
cence [16, 18, 22]. They agree that sprint speed
and CoD improve with age. In the Rommers et al
study [22] both 5m acceleration and maximum
speed (30 m) improved between different ages.
Similar improvement was recorded by Mathisen
and Pettersen [16] on 10 m and 20 m sprint be-
tween the ages of 1012, 13—14 and 15-16 years.
Furthermore, many studies have also examined
CoD performance at different ages [21] with con-
flicted results. This, among other limitations,
maybe due to the variety of tests used to evaluate
CoD [8] and the complexity of the tests them-
selves associated with measuring the angles and
number of changes as well as their duration and
distance [5, 11]. Mathisen and Pettersen [16]
used a 20 m test which included 90° and 180°
changes of direction and short sprint distances
(5 m), Rommers et al [22] used the T-test which
contains turns at the same angles, but the total
distance covered is 30 m, while Negra et al [18]
used Illinois Agility Test (IAT) which includes
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180° turns, but the total test distance is approx-
imately 60 m. Nevertheless, these tests have not
the appropriate ecological validity compared with
the specific physical soccer requirements [21].

The Arrowhead Agility Test (AAT) is a test
specifically designed for soccer [25]. Players run
a total distance of 37 m having previously per-
formed 3 turns of approximately 45°, 90° and
135° [13, 21] (Fig. 1). The validity, reliability
and ecological validity of this test compared with
the specific physical soccer requirements have
been confirmed [13, 21]. To the best of our
knowledge, it does not seem to exist a relevant
literature on the evaluation of CoD performance
using ATT in childhood and adolescence.

Youth and professional players have a domi-
nant (DL) or preferred leg. DL is considered
the limb that controls and shoots the ball better
and easier than the other one, which has a more
stabilizing role and is considered as Non-Domi-
nant Leg (NDL). Due to the frequent use of DL
it is possible to cause a strength imbalance be-
tween two limbs [6, 12], which plays an impor-
tant role in sports, such as soccer [6]. DL strength
superiority is very important for CoD perfor-
mance, as the strong limb favors this ability in
the opposite side [23, 29]. However, although,
few studies have examined the CoD with various
tests [22, 23], they have not focused on the lower
limbs imbalance and the effect of CoD in pre- and
adolescent youth soccer players at the same time.

Therefore, the purpose of the present study
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was to evaluate 20 m sprint speed, which is
closer to the natural responses in younger ages
(10-11 years old) [4] and CoD using ATT in pre-
and adolescence. A secondary purpose was to exa-
mine any differences in CoD performance be-
tween the ages associated with CoD right or left.

Materials and Methods

Participants

The sample consisted of 75 young football
players aged 10 and 16 years. The participants
were divided according to their chronological age
into 3 groups, based on the division proposed by
the Hellenic Football Federation in 2-year age
categories: 10—11 years (U12), 12—-13 years (U14)
and 14-15 years (U16). The physical characte-
ristics of the participants are shown in Table 1.
The participants in U12 and U14 groups took part
in 3 training sessions per week of 75-80 minutes
each and a soccer game, while the U16 partici-
pants took part in 4 training sessions per week of
90 minutes each and a soccer game. Both partici-
pants and their representatives were informed
about the research and signed a relevant authori-
zation. This study was held in accordance with
the principles of the Code of Ethics for Research
of the Democritus University of Thrace, Greece.
All the procedures were in accordance with the
Declaration of Helsinki.

Experimental procedure

Anthropometrics of barefoot participants were
collected before the tests to the nearest 0.5 cm
(height) and 0.5 kg (weight) (Seca 750, Seca,
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Fig. 1. The Arrowhead Agility Test (AAT) (designed by easy-sports-graphics)
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Table 1
Physical Characteristics of U12, U14 and U16 Male Youth Soccer Players (mean * SD)
Variable Ul12 (n=25) Ul4 (n=25) Ul16 (n=25)
Age (years) 10.8 £ 0.6 12.8 £ 0.69 14.9 £ 0.6*#
Height (cm) 1448 + 6 157.5+6.39 170.9 + 8.6*#
Weight (kg) 40.7+9.5 51.8+11.89 60.4 + 14.1*#

Note. * Significant differences between Ul16 and Ul2; # Significant differences between Ul6 and Ul4;

9| Significant differences between U14 and U12; p < 0.05.

Table 2
Speed and Change of Direction Performance in U12, U14 and U16 Male Youth Soccer Players
Variable Ul2 (n=25) Ul4 (n=25) Ul6 (n=25)
Speed (sec) 4.25+0.35 4.26 +0.23 3.22+£0.21%#
CoDR (sec) 9.69 + 0.87 9.42 + 0.54 8.93 + 0.44*#
CoDL (sec) 9.91 +0.84 9.34 + 0.55 8.98 + 0.46*

Note. * Significant differences between Ul16 and Ul2; # Significant differences between Ul6 and Ul4;
9| Significant differences between U14 and U12; p<0.05; CoDR: Change of Direction Right; CoDL: Change of

Direction Left

Hamburg, Germany). The tests performed in
the natural grass field. The outside temperature
was (23.6+0.3) °C and the humidity was
(56 £2) %. Prior to the tests, participants per-
formed a 10-minute warm — up included jogging,
skipping, heeling, sidesteps, running backwards,
alternative knee lifts, zigzag back and forth and
2 sub maximal sprints. For both tests, 20 m sprint
speed and ATT, Photocells Newtest Powertimer
300 (PC Upgrade Kit, FIN 90220 Oulu, Finland)
were used. On the 20 m sprint speed participants
started 0.5 m before the first photocell gate and
they finished, at top speed, 5 m after the second
gate, in order not to have any reduction of
the speed. Each participant performed 2 attempts
with 2 minutes break between and analyzed
the best time. On the ATT test, the participants
started from the same starting point as before and
they performed 4 attempts, two to the right direc-
tion (CoDR) and two to the left (CoDL), alterna-
tively, starting first to the right with 4 minutes
break between them. Again, the best time in any
direction was used for analysis. For the better test
performance 1.2 m height poles were used. In both
tests participants were encouraged to do their best.

Statistical Analysis

For the comparison between sprint speed and
CoD at each age group, paired T-test was used.
Multivariate analysis of variance (MANOVA)
was used to evaluate any differences in test per-
formance according to the age groups. In case of
significant differences, Bonferonni post hoc test
was also used. All tests were conducted in SPSS
20.0 software (IBM corp., Amork, NY). The sig-
nificance level set at p < 0.05.

Results

Descriptive statistics (mean =+, standard devi-
ation-SD) in speed and CoD are presented in
Table 2. A paired samples t-test showed a signifi-
cant correlation between speed and CoD in all
age groups (p = 0.000). The multivariate analysis
of variance-MANOVA revealed a significant main
effect of the “age” factor on all dependent va-
riables, speed F7,) = 118.9 (p = 0.000), CoDR
F(2,72) = 8.668 (p = 0000) and CoDL F(2’72) =13.31
(p = 0.000). Post hoc Bonferonni multiple com-
parisons concluded that U16 differed significantly
from all age groups in speed and CoDR, while
a significant difference was found between U16
and Ul4 with Ul12 in CoDL, but not between
U16 and U14.

Discussion

The present study examined differences in
20m sprint speed and changes of direction (CoD)
in both directions (CoDR and CoDL) between
Ul2, Ul4 and U16 age groups. Both variables
improved with age. Alongside, CoD was ex-
amined to the right and to the left through the
ATT, with U16 dominates to all other age groups
in speed and in CoDR, while in CoDL there was
no significant difference between U16 and U14.

The results of this study showed that 20m
sprint speed improved with age, with U16 show-
ing the greatest improvement. Similar results
showed Rommers et al [22], Mathisen and Petter-
sen [16] and Jakovlevic et al [8]. Sprint perfor-
mance seems to reveal the highest increase
around the PHV between 13.8 and 14.2 years and
then appears a plateau [20]. The oldest soccer
players in our sample were on average 14.9 years,
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so relative close to the PHV. However, the fact that
players of U16 group were taller than the others
may justify better performance on 20 m sprint
speed. Mathisen and Pettersen [16] recorded
a greater correlation between height and speed at
13-14 and 15-16 years than at younger ones.
Thus, height seems to influence the speed much
more in older youngsters as there is an increase of
the stride length with the increase of the height [19].

Muscle strength is positively correlated with
body size [9]. In Mathisen and Pettersen study
[16] there was a moderately positive correlation
(r = 0.33) between body mass and 20 m sprint
speed at the age of 15-16 years and slightly lower
correlation (r = 0.27) at 13—14 years old, while it
was insignificant in 10-12 years old pre-ado-
lescents. Based on the previous studies, it makes
sense that the older a player gets, the better his
speed performance. Mathisen and Pettersen [16]
also report that 13—16 years old, who are taller
and heavier, perform better on sprints. Maximum
isometric force is proportional to muscle size ir-
respective of the age and is greater in the adoles-
cent than the pre-adolescent youth players [28].
The children’s weakness to produce more power
than the older ones, it is possibly due to the im-
mature neuromuscular system that is unable to
recruit the appropriate motor units [28].

Similar to speed, CoD performance has also
shown improvement with increasing age. Malina
et al [15] indicate that agility develops rapidly
at the age of 5-8 and continues to increase till
the age of 18 years. Similar to speed, the agility,
both as general CoD or as a reaction to a stimu-
lus, reaches a peak around the PHV point [20].
The results of this study are also in agreement
with Mathisen and Pettersen [16] and Jakovlevic
et al [8], who recorded improvement in CoD in
pre- and adolescent soccer and basketball players,
respectively. Mathisen and Pettersen [2015] sup-
port that agility is significantly correlated (r = 0.28)
with height at the age of 13—14 years, but not with
ages before or after PHV. Increased levels of tes-
tosterone and developing hormones [15], better
intermuscular coordination [2], the maturity of
neuromuscular system with better motor units
recruitment [28], improvement of anaerobic ability
during high intensity exercises [14, 24] and also
the extra years of training compared to previous
ages [24] probably contribute to better CoD per-
formance in older ages. Young et al [30], also,
mention that straight line sprinting, leg muscle
strength and running technique are identified as
factors that may contribute to CoD speed.

Another important finding of the present re-
search was the differences between ages on
CoDL. While there was an age-related improve-
ment on CoDR between Ul2, Ul4, Ul6, there
was a significant difference on CoDL between
U16 and U14 with U12, but not between U16 and
Ul4. As mentioned before, the pre-adolescent
youth players have less developed anaerobic ca-
pacity than older ones [24], a fact that possibly
justifies the difference of U12 with older ages.
However, no difference was observed between
U16 and U14, which is probably due to the use of
DL instead of NDL.

In general, the common use of DL possibly
causes strength imbalances between two legs that
can reach up to 14 % [6, 12, 23]. This is probably
due to the greater muscle mass of DL [10], which
is highly correlated with muscle fascicle length
[1], which was reported to be greater in DL junior
soccer players [10] and it may be associated with
greater force output with their DL. In the present
study, the majority of participants (62 out of 75)
had their right leg as DL. As a result, CoDR was
more favored, because in ATT the right turn with
left leg was followed by two other turns that re-
quired the use of DL (in this case the right leg).
But in CoDL it does not seem to happen the same.
This is in line with the findings of Young et al
[29], who report a slower change of direction
with the use of NDL after an explosive training.
This indicates that a greater strength in the domi-
nant leg leads to better CoD on the opposite side
[23], a fact that does not seem to appear with NDL.
Agility was significantly correlated with body
height at age 13—14 years but not at post PHV.
Philippaerts et al [20] recorded a plateau to
the performance on standing long jump (explo-
sive strength) after PHV, while on vertical jump
they observed a decrease 6 and 12 months after
peak on PHV. The age of Ul6 soccer players
who were on average 6—12 months after PHV in
combination with the fact that left leg was not
DL, possibly justifies the lack of differences be-
tween U16 and U14.

AAT is a reliable field test for the evaluation
of CoD for soccer players [21]. To the authors’
knowledge, it does not seem to exist any relevant
literature on the concomitant use of ATT in the ages
before and after PHV. Although the purpose of
the present study was not to correlate the test
with different ages, it showed that performance
improves with ages on both sides. However, ATT
seems to be more appropriate for the evaluation
of lower limbs strength asymmetry, although
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further research is needed. Last but not least,
it seems that ATT can provide data to help
the coaches of developmental ages to organize
appropriate programs for CoD improvement on
both sides.

Conclusions

The results of the present study showed that
speed and CoD performance increase with ages
using ATT. However, the differences on CoD in
both directions (right and left) did not progress
similarly. CoDR appears to be influenced by
the use of the DL in contrast to CoDL. Develop-
mental coaches should properly evaluate similar
results in order to design appropriate programs to
improve sprint speed and CoD capacities to limit
any lower extremities muscle imbalances of pre-
and adolescent youth soccer players.
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HABbIKU PA3BUTUA CKOPOCTHU
U CMEHbI HAMNPABNEHUA OBUXEHUA
Y IOHbIX ®YTBOJIMCTOB PA3HbIX BO3PACTHbLIX I'PYIMN

A. KupaHyduc', 3. Kupanyduc', N. Tpuanmoc', N. Munonac', M. Mumpomacuoc?

"®pakutickuti yHusepcumem umeHu [emokpuma, 2. KomomuHu, peyusi
2AbuHcKUll HayUOHanbHBbI yHuUsepcumem umeHu Karnoducmpuu, 2. AguHsl, [peyus

HaBbIky pa3BUTHA CKOPOCTH M CMEHBI HAIIPABJICHUS JBI)KEHHS SIBIISIOTCS BAXHBIMU TPeOo-
BaHMSIMH JUIst UTPBI B (hyTOOJI, BEIpAaOATHIBAIOTCSI C AETCTBA M ONPEICISIOT PE3yIbTaATHBHOCTD HI-
pokoB. Ilesib: U3y4INTh HABBIKK Pa3BUTHS CKOPOCTH M CMEHBI HAIIPABIICHUS JBIDKEHUS y QyTOO-
JIMCTOB JIETCKOTO M TOAPOCTKOBOTO BO3PACTa, a TAK)KE M3YUUTh JIIOObIC Pa3InyMsl, CBI3aHHBIC C
Pe3yIbTaTUBHOCTBIO CMEHBI HAIPABIICHUS IBWXCHUS B 3aBUCUMOCTH OT BBIOOpA CTOPOHEI (TIpa-
Basi/neBas). MaTepuaybsl U MeTobI. B uccienoBanuu npuHsiin yyactue 75 ¢yrOonucToB, pas-
JENIEHHBIX Ha 3 Bo3pacTHbIe moarpymisl (10 12 ner, go 14 net u mo 16 ner). Urpoxu BEIIOTHIIH
20-MeTpOBBI CIIPUHT 10 MPSIMOI U IPOJEMOHCTPUPOBAIN CMEHY HallpaBJIeHUs IBIKEHHUS B 00€
CTOPOHBI B paMKax TECTa Ha JIOBKOCTb. Pe3ysibTaThl. 3HAUNTENbHBIC PA3IHIHI MEXITy BO3pac-
THBIMHU TPYNNaMH ObUIM 3apErUCTPHPOBAHBI KaK JJIs HaBbIKa pa3BUTHS ckopocTH (F(572) = 118,9;
p = 0,000), Tak u 111 cMeHbl HanpasieHus aBxeHus (Fp7,) = 8,668; p = 0,000), mpu 3T0M BO3-
pactHas rpynma g0 16 jer nmpeBocxoamia Bce OCTajbHbIe. /711 HaBbIKA CMEHBI HalpaBJICHUS
JBIDKCHUS CTATUCTUYECKH 3HAYMMBIC Pa3INIusl ObUIN 3a(MKCHPOBAHBI MEXLy UTPOKaMu 10 14 u
16 net ¢ urpokamu o 12 net (p = 0,007 u p = 0,000 cooTBeTcTBEHHO). Mexny urpokamu 10 14 ier
¥ UTPOKaMHU 10 16 JeT CTaTHCTHYECKH 3HAYMMBIX OTIMYWN BBIABICHO He ObuIo (p = 0,159).
3akiouenne. HaBbIku pa3BUTHA CKOPOCTH M CMEHBI HAlpaBJICHHS [BIKCHHUS, MO-BHIMMOMY,
BbIpa0aThIBAIOTCS C BO3PACTOM, HO HABBIK CMEHBI HAIpPAaBIICHUS JBIDKEHHUS, KaK IOKa3alH pe-
3yJIbTAaThl TECTA HA JIOBKOCTH, CKOPEE BCETO, 3aBHCUT OT HCIIOIb30BaHUS JOMUHHUPYIOIIEH CTOIIBI.

Kniouesnie cnosea: 106Kkocmb, mecm Ha 10BKOCMb, CNPUHIN, CNOPMUBHAS PE3YIbMAMUEHOCMb.
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