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Abstract: Purpose: The aims of this study was to identify the relationship between change of
direction speed, jumping ability (lower limb power) and linear sprint performance in elite
young (< 16 years) male basketball players. Method. A total of 149 basketball players, (mean
age: 14.2+1.05, range 11-16), from four basketball clubs from the NW part of Romania, have
participated in this study. To evaluate the performance in change of direction speed we used
three tests (4x10m, 505m. and T test modified), for lower limb power we used also three tests
(standing long jump, countermovement jumps and vertical reactive power) and for linear
sprint speed we used 20 meters test. Results. It was found that a strong and moderate
correlation among all the tests included in our research. For change of direction performance
(COD_505), the correlation was strong in relation to 20m in the U14 and U16 categories and
moderated in relation to 20m in U12 category and to SLJ, CMJ f.a, VRP in all categories. For
change of direction performance (COD 4x10m_agility shuttle), the correlation was strong in
relation to 20m and CMJ f.a in all categories, with SLJ in U12, U16 and with VRP in U14 and
moderated in relation to SLJ in U14 and with VRP in U12, U16 categories. For change of
direction performance (COD_T test 20m._modified), the correlation was moderated in
relation to 20m, SLJ, CMJ f.a, VRP in all categories. Conclusion. The change of direction

* Coresponding Author
hitp://www.fefsoradea.ro/Fascicula_Educatie_Fizica_si_Sport/index.html

3



http://www.fefsoradea.ro/Fascicula_Educatie_Fizica_si_Sport/index.html
mailto:kokovaymelania@gmail.com

Alexandru Hutanu, Paul Dragos, Mirela Stef, Dana Cristea, Melania Kokovay, Marius Marinau

performance is related to important physical capacities for young basketball players, such as
linear sprints and lower limb power. Thus, the change of direction performance.
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INTRODUCTION

Movements in team sports often require athletes to produce force unilaterally in
unpredictable and variable contexts with an emphasis on eccentric and multidirectional movement
patterns (Tous-Fajardo et al., 2016). Basketball is no exception, just as Bektas et al, 2007, affirmed
that it is required reactive strenght and agility, in which all the basic biomotor characteristics need
to be developed in a coordinated fashion (Bektas et al., 2007). This developemnt plays an active
role in improving and shaping biomotor properties. In basketball, which incorporates high-
intensity activity, fast attacks and high jumps are crucial for a successful defense. Basketbal
players must have well-developed agility and jumping skills in order to acchieve victory over the
opponents; hence agility and jumping ability are of critical importance (Ari et al., 2017). The court
time of a player during a match increases with the success of player’s dribbling, passes and overall
performance (Usgu, 2015).

One of the biomotor characteristics is strength, which constitutes one of the main
determinants of success in sports. Strength is the ability to overcome resistance, in different forms
applicable in different games (Nimphius et al., 2010). The reactive force index (RSI) is a tool of
monitoring the stress on muscles and tendons (McClymont & Hore, 2003), determining height as
measured by amplitude and incorporating the length of ground contact time.

Reactive strength has been “defined as the ability to change quickly from an eccentric to a
concentric contraction” (Young, 1995) by taking advantage of the stretch-shortening cycle (SSC),
which consists of quick eccentric—concentric muscular contractions (Lloyd et al., 2009). The use
of RSI is vital for high-performance sports professionals, as it can be used as a motivational tool,
in a way that coaches can instantly deliver feedback to their athletes, according to their RSI value,
in order to improve their physical performance (Flanagan et al., 2008; Sandra et al., 2023).

Another biomotor characteristic that affects performance is agility, defined as the ability to
move the body and change direction between two points with ease, speed and fluidity while
employing balance, speed, strength and neuromuscular coordination in a controlled manner.
(Turner, 2011) Twist & Benicky define agility as the ability to move and change direction and
position the body quickly and effectively while under control (Twist & Benicky, 1996).

The actions during basketball game include variety of movements such as running,
dribbling, shuffling, and jumping, which are directional, multidirectional, intense and short-lasting.
Generally, there are a large number of sprints and jumps. Speed activities take an important part of
athlete development in young basketball players. Time motion analysis during a basketball game
showed that on average 1000 movements were performed by basketball players, with an average
duration of shorter than 3 seconds (Abdelkerim et al., 2010).

Change-of-direction (COD) speed has been proposed to combine three factors: technique,
straight-sprinting speed, and leg-muscle qualities (Young, 2002). COD refers to the reorientation
and alteration in the path of travel of the entire body's center of mass toward a new intended
direction. This action holds pivotal significance in achieving success in multidirectional sports
(Izquierdo, 2023).
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OBJECTIVES OF THE STUDY

The aims of this study were to identify the relationship between change of direction speed
(4x10m, 505m. and T-test modified), jumping ability (countermovement jump, vertical reactive
power and standing long jump) and sprint (20-m) performance in elite young (< 16 years) male
basketball players.

MATERIALS AND METHODS

Participants

A total of 149 basketball players, (mean age: 14.2+1.05, range 11-16), from four basketball
clubs from the NW part of Romania, have participated in this study. All the participants competed
in the Romanian youth league, in their age category.

All players have been practicing regularly for 4-8 years (four to six days a week), and
involved of combined basketball training and competitive play per week. The players were
grouped based on chronological age categories: under 12 (U12 — 42 subjects), under 14 (U14 — 59
subjects) and under 16 (U16 — 48 subjects). At the beginning of the study, participant athletes were
verbally informed about research protocols and written consents were obtained from the athletes
prior to participation in the study. The study was conducted in accordance with the Declaration of
Helsinki.

Table 1. Anthropometric characteristic of the study participants, U12, U14 and U16 basketball

players
. Ul2 (n=42) Ul4 (n=59) Ul6 (n=48)
Variables Mean+SD Mean+SD Mean+SD
Height (cm) 165,47 £ 6.53 171.20 £ 9.67 186.14 £ 6.99
Weight (kg) 49.27+10.55 5593+11.96 71.64+9.12
BMI (kg/m?) 17.85+ 261 19.07 £ 2,58 20.48 £ 1,48
Procedures

All tests were carried out in two sessions, for each group, before the 2023/2024 competition
season, after 6-8 weeks of preseason preparation. In the first testing session, after the
anthropometric measurements, we tested lower limb power and linear running speed (20 meters).
Agility and  Change of  Direction  Performance  (COD 4x10m, COD 505,
COD T test 20m_mofidied), were performed on the second day. Before every test session, all
players performed a 20-minute athletic warm-up supervised by a strength and conditioning coach.
All tests were performed on hardwood floor.

The relationships between Change of Direction Performance and sprint and lower limb
power were analyzed using the Pearson Correlation Analysis (7), with the level of statistical
significance set at p < 0.05 in SPSS (SPSS for Windows, Inc. Version 22, Chicago, Illinois).

The term correlation is used in the context of a linear relationship between 2 continuous
variables. The Pearson correlation coefficient is typically used for jointly normally distributed
data. Correlation coefficients are scaled such that they range from —1 to +1, where 0 indicates that
there is no relationship between the movement of the two variables, and -1 shows a perfect
negative correlation, while a correlation of 1 shows a perfect positive correlation. Several
approaches have been suggested to translate the correlation coefficient into descriptors like
“weak”, “moderate” or “strong” relationship. According to Y. Chan (2003), C. Dancey (2007), C.
Bailey (2021), P. Schober (2018), we can consider different cutoff points to interpret the size
(strength) of a correlation coefficient: .9-1.00 (very strong), .7-.9 (strong), .5-.7 (moderate), .3-.5
(low), .0-.3 (negligibile).
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Instruments and tests used

Anthropometric Data

The athletes’ body heights were measured with a scale having a sensitivity of 0.01 meters
(m), and their body weights (BW) were measured with with a sensitivity level of 0.1 kilograms
(kg) (Seca 700 mechanical column scale with eye-level beam). The BMI was calculated by
dividing subjects’ weight in kilograms by their height in metres squared.

Change of Direction Performance (COD_505) - 505m. Test

The 505 test involves a 10-m sprint past a timing gate (Witty Gate system, MicroGate,
Bolzano, Italy) a further 5-m sprint to a turning line where 1 leg needs to reach and plant at the
line, before the athlete completes a 180° turn and sprints back through tje timing gates. Each
participant started from a standing position, the subjects performed two maximal attempts, only the
best (the shortest) time was used in analysis.

Change of Direction Performance (COD_4x10m_agility _shuttle) - 4x10m. Test

The 4x10m. agility shuttle test is a simple running test of agility involving linear sprint and
180° turn, between two lines 10 meters apart, was a total of 40 meters is covered. The subject runs
to the opposite line, one foot has to touch the ground beyond the line, then turns 180° back to the
start/finish line to touch the ground again, turning to sprint back to the line 10 meters away and
touch the ground, then sprint back crossing the start/finish line to complete the test. The best
performance from two maximal attempts (by 2 minutes rest) was used in analysis.

Change of Direction Performance (COD_T test 20m._modified) - (T-test modified)

The 20 m., T-Test is a simple running test of agility, involving forward, lateral, and
backward movements. The subject starts from a standing position, with his front leg on the starting
line. The start-line is positioned 0.3m behind the timing gate (Witty Gate system, Microgate,
Bolzano, Italy). The subject sprints forward (5 m) to a cone and touches the top of the cone with
their right hand. They then turn 90° left and shuffle (2.5 m) sideways to the next cone, and also
touches its top, this time with their left hand. Then shuffling (5 m) sideways to the right to another
cone and touching the top with the right hand. They then shuffle (2.5 m) back to first cone
touching with the left hand and run backwards (5 m) to starting line. The best performance from
two maximal attempts (by 2 minutes rest) was used in analysis. The subject was not allowed to
cross one foot in front of the other while shuffling, and to touch the top of the cones was a
mandatory request.

Sprint Test 20 meters (20m)

Before the test, the basketball players performed a specific warm-up involving two sprints
with maximal intensity on 10-15m. The sprint times were recorded by double photocells (Witty
Gate system, Microgate, Bolzano, Italy) positioned at the starting spot (the start-line is positioned
0.5m behind the first timing gate) and finishing lines (20 m) at a height of 0.7 m. The subjects
performed two maximal attempts for the 20 m distances. Only the best (the shortest) time was used
in the subsequent analysis. Each participant started from a standing position, with his front leg on
the starting line. The resting periods were 240 s after each 20 m sprint.

Explosive horizontal power of the lower limb - Standing Long Jump Test (SLJ)

Each subject performed the horizontal long jump starting from a standing position. They
commenced the jump by swinging their arms and bending their knees to provide maximal forward
drive. A take-offline was drawn on the ground, positioned immediately adjacent to a jump
sandbox. The jump-length measurement was determined using a metallic metric tape measure,
from the nearest point of landing contact (i.e., back of the heels) to the take-offline. Each athlete
executed two attempts and the best performance (longest distance) was considered.

Explosive vertical power of the lower limb - Countermovement jump (CMJ)
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Before the test, the basketball plyers performed a specific warm-up involving five vertical
jumps. Using an optical measurement system consisting of a transmitting and receiving bar
(Optojump next, Microgate Engineering, Bolzano, Italy) the test comprised two maximal vertical
jumps with swing arms (Counter Movement free arms Jump). The resting period between jumps
was two minutes. Only the best (the highest) jump was used in the subsequent analysis.

Vertical reactive power of the lower limb - Optojump stiffness free arms test (VRP)

Then, after a 5-minute break, the athletes made Optojump stiffness free arms test (OST), 7
possibly highest jumps with straight knees, one after another without a rest break. The maximal
vertical power (W/kg.) performance (VRP) of the 7 jumps (VRP avg. power) was calculated for
performance analysis. The athletes were instructed to jump as high as possible while minimizing
ground contact time. This test was performed by each athlete twice with 120 seconds of rest
between trials and the best performance was recorded.

RESULTS AND DISCUSSION

Results

All data presented normal distribution. Table 2 shows the descriptive data (mean and
standardized mean differences) for each one of three groups of subjects (U12, Ul4 and U16). In
all the tests applied, higher value performances can be observed as the age categories increase, an
observation that can be explained by the fact that with age the motor qualities of the subjects reach
higher indices of expression, here adding personal experience.

Table 2. Physical performance indicators in young basketballers in the groups U12, U14 and U16

Variables Ul2 (n=42) Ul4 (n=59) Ul6 (n=48)
Mean+SD Mean+SD Mean£SD
20 m. (s.) 3.77+0.21 3.49+0.21 3.24+0.15
4x10 m. (s.) 10.46+0.37 9.85+0.42 9.29+0.33
505 m. (s.) 2.61+£0.20 2.46+0.12 2.3340.11
T-test modif- (s.) 6.44+0.30 6.05+0.23 5.68+0.22
SLJ (m.) 1.82+0.13 2.02+0.18 2.25+0.15

CMJfa. (cm.) 33.99+4.24 38.22+3.89 43.07+4.14
VRP (W/kg.) 427 +4.51 47.7 £3.46 53.0 £4.00

Relationship between Change of Direction Performance (COD_4x10m_agility shuttle) and
linear sprint speed and lower limb power.

Table 3. Pearson correlation coefficients (r) of the b between 4x10 meters and physical performance
in speed and explosive strength

Variables Ul2 (n=42) Ul4 (n=59) Ul6 (n=48)
20m. (s.) 0.78 0.83 0.87
SLJ (m.) -0.80 -0.71 -0.75
CMJ.fa. (cm.) -0.77 -0.77 -0.79
VRP (W/kg.) -0.74 -0.78 -0.67

According to Table 3, we can observe a strong correlation between 4x10m agility shuttle
and 20m (r >0.75) in all age categories. However Little T. et.al (2005) reported a weak correlation
between 10m sprint and zig-zag agilty test (r= 0.346) same between fly 20m test and zig-zag
agility test (r= 0.458), the large discrepancy between the studies can be attributed to the different
agility tests performed.
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Strong negative correlations exist between 4x10m and CMJ.f.a in all age categories U12
(r=-0.77), Ul4 (r= -0.77) and U16 (r= -0.79). The same is the relationship with SLJ in the
categories U12 (r= -0.80) and U16 (r= -0.75), only in the case of the category Ul4 a moderate
correlation is recorded (r= -0.71). Also, Koklii, Yusuf et. al (2014) notice a moderate negative
correlation between the zig-zag agility test without a ball and CMJ (= -0.769)

A strong correlation with VRP is registered only in the case of the U14 category (r= -0.78)
and moderate in the U16 (r=-0.67) and U12 categories (r=-0.74)

Relationship between Change of Direction Performance (COD_505) and linear sprint speed
and lower limb power

Table 4. Correlation between 505 meters and physical performance in speed and explosive strength

Variables Ul2 (n=42) Ul4 (n=59) Ul6 (n=48)
20 m. (s.) 0.74 0.79 0.75
SLJ (m.) -0.74 -0.61 -0.61
CMJ fa. (cm.) -0.68 -0.66 -0.64
VRP (W/kg.) -0.69 -0.64 -0.63

In the case of the relationship between 505 and linear speed, the correlations are strong, less
so at Ul2 (r= 0.74) where it is moderate. Delaney et al., (2015) correlates 505 tests on the
dominant leg with maximal sprint velocity 30-40 m [s] obtaining a moderate coefficient (r= -
0.63). Also, a moderate correlation between 505 agility test and 10m sprint in girls from the 2nd
division (r= 0.55) was also observed by Lockie et.al (2018).

Moderate negative correlations are also found between 505 and SLJ, CMJ f.a and VRP, the
lowest being recorded in the case of SLJ in the U16 category (r= -0.61) and the highest also in
relation to SLJ only as in the U12 category (r= -0.74). Thomas. C et.al (2017) detects a moderate
correlation between CMJ and 505 agility test on the right leg (r= -0.60) and on the left leg (r= -
0.71). Musab Cagin et.al (2024) also observe a moderate negative correlation between 505 test
(10m) and CMJ (r= -0.71). Contrary to our results Kahraman et.al (2023) report a weak correlation
between RSI (11 jumps were conducted for the RSI measurement, the first jump being excluded
from the assessment) and 505 agility test (r=-0.459)

Relationship between Change of Direction Performance (COD_T test 20m. modified) and
linear sprint speed and lower limb power

Table 5. Correlation between T-test modified and physical performance in speed and explosive

strength
Variables Ul2 (n=42) Ul4 (n=59) Ul6 (n=48)
20 m. (s.) 0.67 0.70 0.68
SLJ (m.) -0.69 -0.57 -0.62
CMJ fa. (cm.) -0.72 -0.70 -0.61
VRP (W/kg.) -0.71 -0.73 -0.52

According to table 5, we find moderate correlations between T-test and 20m, the highest
being in the Ul4 category (r=0.70). Similar to us Abbas Asadi et.al (2016) reports a strong
correlation between T-test and 20m sprint (= 0.77).

In the relationships between T-test and explosive strength tests, moderate negative
correlations are found, the most significant being U12 SLJ (r= -0.69), CMJ f.a (r=-0.72) and U14
VRP (1= -0.73), the lowest value of correlations can be seen in the relationship between T-test and
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VRP in the Ul6 category (r= -0.52). Utku Alemdaroglu et al., (2012) observes a moderate
correlation between T-test and CMJ (r= -0.594). Also, Isaiah T. McFarland et.al (2016) report a
strong negative correlation coefficient between T-test and CMJ (r=-076) in the case of female
players but weak in the case of male players (r=-0.16).

CONCLUSIONS

In conclusion, the findings of this study demonstrate that there is a moderate to high
correlation between the ability to change direction in speed and the explosive power of the lower
limbs in young male basketball players. This may be due to the fact that the tests used in this study
basically use the same energy system and are performed through a strong and fast muscle
contraction. So this suggests that change of direction and explosive power of the lower limbs are
determined by the same physiological and biomechanical factors.

However, the correlation coefficient values revealed between the modified T-test and
power of the lower limbs are lower than those obtained between the other two tests measuring
change of direction speed (4x10m and 505m) in relation to lower limb power. We believe that this
is a consequence of the fact that in this test the movement technique (which includes, in addition to
changes of direction and accelerated forward running, lateral movements and backward running),
the degree of its acquisition, could influence in some measure of performance obtained.

Tables 2, 3, and 4 highlight the fact that in the Ul6 age category, the correlation
coefficients between the change of direction speed tests and lower limb power and linear speed are
lower than those obtained in the U12 and U14 age categories. We believe this is due to the changes
caused by the developmental stage of the Ul6 group, which is also evidenced by the weight
difference compared to the Ul4 age category (+28.09%), compared to the weight difference
between the U14 and U12 categories (+13.52%). This seems to be reflected in the results obtained
in the change of direction tests.

A clear limitation of this study arose, namely, in the population studied. Future studies
should focus and on other collective sports disciplines (football, handball, voleyball), as well as on
other age categories and differentiated by gender.
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