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Resumen

Se aplican varios programas de entrenamiento para mejorar muchas caracteristicas fisicas y
fisioldgicas de los atletas durante el entrenamiento. El objetivo de este estudio fue investigar
el efecto del entrenamiento pliométrico con peso adicional sobre el rendimiento fisico y los
hallazgos de dafio muscular en jugadores de futbol-estudiantes.Se recogieron pruebas de
rendimiento fisico y muestras de sangre de los estudiantes-deportistas (hombres 23,41 + 3,2
afos) tanto de los grupos de muestra como de control en la primera semana del estudio
(tercera semana del campamento preparatorio) y en el dltimo entrenamiento de la duodécima
semana. Durante el estudio, se aplicaron programas de entrenamiento pliométrico al grupo de
peso adicional (AWG) (% 1 del peso corporal) y grupo sin peso adicional (AG). Se aplicaron
programas de entrenamiento de fitbol estdndar al grupo de control. Al final de la primera y
duodécima semana, se aplicaron las pruebas de IMC y porcentaje de grasa corporal de los
jugadores junto con las pruebas fisicas de lanzadera, yoyo, salto vertical, salto horizontal,
agilidad y pruebas de rendimiento de velocidad. También se tomaron muestras de sangre para
verificar los marcadores de control de dafio muscular (CK y LDH; p>0.05). De acuerdo con
los resultados de las pruebas realizadas al final de los entrenamientos pliométricos de la
primera y la duodécima semana en el grupo con grupo de peso adicional (AWGQG), prueba de
lanzadera, el yoyo y el salto horizontal aumentaron significativamente, mientras que el
rendimiento en esprint, el IMC y las pruebas de rendimiento de grasas se redujeron
significativamente. Los resultados de la prueba del grupo sin peso adicional (AG) fue;
aumento significativo pruebas fisicas de lanzadera yoyo y salto vertical mientras que una
disminucion significativa en el rendimiento del sprint y el porcentaje de grasa Al final de los
entrenamientos pliométricos de doce semanas, no se ha observado dafio muscular en (AWGQG),
CK pre entrenamiento (229,00 + 155,25) y valores posteriores al entrenamiento (242,33 +
193,67) (P = 0,861) y valores de LDH pre-entrenamiento (169,75 + 40,85) y post-
entrenamiento (174,33 + 39,12). Como resultado del estudio, el rendimiento fisico de los
jugadores-atletas-estudiantes de futbol aumenté con el entrenamiento pliométrico de 8
semanas con pesos adicionales (volantes, yo-yo, pruebas faciales, pruebas de botar el balén
con el pie izquierdo y derecho). No se encontré dafio muscular (CK y LDH) en los resultados
de laboratorio. Cuando se evalian estos resultados; Si bien el entrenamiento pliométrico con
pesas adicionales aument¢ el rendimiento fisico, no causé dafio muscular.

Palabras clave

Pliometria; peso adicional; estudiantes-deportistas; ejercicio fisico.

Abstract

Various training programs are applied in order to improve many physical and physiological
characteristics of athletes during training. The aim of this study was to investigate the effect
of plyometric training with additional weight on physical performance and muscle damage
findings in football player-students. Physical performance tests and blood samples of the
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athlete-students (male 23.41 + 3.2 years old) were collected both from sample and the control
groups at the first week of the study (third week of the preparatory camp) and at the last
training of the twelfth week. During the study, plyometric training programs were applied to
the additional weight group(AWG) (%1 of the body weight) and no additional weight group
(AG). Standard football training programs were applied to control group. By the end of first
and twelfth week, players’” BMI and body fat percentage tests were applied together with the
physical tests of shuttle, yoyo, vertical jump, horizontal jump, agility and sprint performance
tests. Blood samples were also taken to check muscle damage control markers (CK and LDH,
p>0.05). According to the results of tests performed at the end of first and twelfth weeks’
plyometric trainings on group with additional weight group (AWG), shuttle, yoyo and
horizontal jumping were found to be significantly increased, while sprint performance, BMI
and body fat performance tests were significantly decreased. The test results of the group
without additional weight (AG) was; significant increase in shuttle, yoyo and vertical jump
while significant decrease in sprint performance and fat %. By the end of twelve week
plyometric trainings, no muscle damage has been observed in (AWG), CK pre-training
(229,00 = 155,25) and post training values (242,33 + 193,67) (P=0,861), and LDH pre-
training (169,75 + 40,85) and post-training (174,33 + 39,12) values. As a result of the study,
the physical performances of football players-athletes-students increased with 8-week
plyometric training with additional weights (shuttle, yo-yo, face tests, ball dribbling left and
right foot tests). No muscle damage (CK and LDH) was found in laboratory results. As per
the evaluated results; while plyometric training with added weights increased physical
performance, it did not cause muscle damage.

Key words

Plyometric; additional weight; athlete-students; physical exercise.

Note: This study is an excerpt from author’s doctoral this sertation titled “The effects
plyometric training performed with additional weight football players on some physical and

physiological features and chronic muscle damage
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Introduction

The aim of plyometric training is to reach maximal strength and to improve the ability
of speed with the strength gained during activities performed within a specific speed close to
maximal plyometric studies are vital for the development of sportive performance in football
players who use speed, agility and strength together. Muscle strength is needed in all activities
without the ball such as jumping, sprint, agility, tackles including intense contact and in all
activities with the ball (Eniseler, 2010; De Hoyo et al., 2016; Armstrong, & Greig, 2018). A
good performance for athletes in a team, with a strong ethical climate, leads to an increase in
team quality and athlete performance, as well as the success of the team (Erath Sirin et al.,).
Besides these dynamics, the most important dynamic that enhances performance is the form
of training applied to athletes.

Football competitions are tougher and more aggressive than the past, and they have
higher intense. The number of games played by football players have increased compared
with the past. Therefore, in today’s football, players need strength and endurance more. In
studies conducted on injury in football, it has been reported that while 7% of the injuries were
hamstring (hind leg) injuries (Srdmek et al., 2000; Gabbe, et al., 2002; Buckthorpe,et al.,
2019).

This rate has been reported to increase to 12-17% today (Bailey et al., 2007).In studies
conducted in English leagues, it is estimated that the cost of injury in a season exceeds
hundred (100) million sterling. Therefore, various studies have shown that reaching a
developed physical capacity with strength training reduces the risk of injury in football
players (Eniseler, 2010; Pfirrmann, et al., 2016; Prien et al., 2018; Ekstrand et al., 2020).

Researchers stated that exercises which include eccentric contractions are stated to be
effective in preventing hamstring muscle injuries by improving hamstring strength. It is stated
that plyometric training is an effective method especially in developing muscle strength and
power specific to football (Eniseler, 2010; Dias et al., 2021; Rydsa & Vanden 2020).

With the rules of the game renewed and updated every year, football has begun to be
played faster and with higher tempo. The priority of coaches is to have player profiles with

the best endurance features who can maintain their existing capacity at highest level during
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the game. Players who use their physical strength in the best way, who do not get tired easily
and who can rest and recover quickly are needed in football (Kiiciik &Tarakci, 2018;
Armstrong & Greig, 2018; Zemkovd, 2016; Greig & Naylor, 2018; Mann et al., 2016;Paul,
D.J, Gabbett, T.J. & Nassis, G.P., 2016; Vogler et al., 2017).

In game analysis on elite football players, researchers have shown that they ran for
about 10-12 km during a game and made 1200 independent moves and sudden turns every 3-5
seconds (such as interfering with the ball by sliding for 30-40 meters and jumping, more than
700 turns and 30-40 m sprint sprints) (laia et al., 2019; Pojskic et al., 2019).

Plyometric studies have played an important role in many studies applied to develop
the muscle groups used especially when performing movements that require high speed and
strength with and without ball. Studies have shown that plyometric workout improves
physical performance characteristics such as speed, agility and anaerobic capacity and
strengthened muscle groups decrease the risk of injury (Cigerci, 2017).

Although plyometric training is a method commonly used in various branches by
many trainers and conditioners in speed, explosive power, explosive reaction and dynamic
movements, it is known that this training causes muscle damage and muscle injury (Twist &
Roger 2015; Yepes et al., 2020).

There are different views in literature about plyometric training causing muscle
damage (Hyldahl & Hubal, 2014; Lovering, et al., 2009).

Training may lead to damage in muscles if it is unusual or too intense and it may take
time to return to normal; the degree of muscle damage and recovery time may differ
depending on the intensity of training and for these reasons, the resulting muscle damage may
be termed training-related muscle damage (Paulsen et al., 2012).

Injuries of various sizes in the skeletal muscle tissue, injuries caused by impact and
strain are also called muscle damage; depending on the degree of damage, loss of isometric
strength, speed and flexibility in athlete performance may occur (LaStayo et al., 2003).

Eryilmaz et al., (2019) reported that although athletes are accustomed to exercise in
training program, when training intensity and volume are suddenly increased, the damage can

be observed more severely and therefore long term performance loss can be experienced.
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The aim of this study is to examine whether plyometric exercises with additional
weight, one of the training parameters performed to increase individual and team
performances of players during the preparation period or competition period, have an effect
on muscle damage.

Material and Methods
Participants

Thirty-six students, who are football players and (mean + SD,male 23,41 + 3.2 age,
height 177.33 + 6.4 cm, mass 73,19 + 10,11 kg) have experience of resistance exercises,
voluntarily participated in the present study.

These players were grouped in three with randomization method. 12 players who were
applied plyometric training with additional weight formed the first experimental group
(additional weight group), 12 players who were applied plyometric training with their own
weight without using additional weight formed the second experimental group (no weight
group) and 12 players who had their standard football training formed the third experimental
group (Control group). The study was conducted in accordance with the guidelines of the
revised Helsinki Declaration and the ethical approval with the protocol number of 2018/08
from the Faculty of Medicine, Kahramanmaras Sutcu Imam University.

Biochemical analysis

Venous blood samples were taken from the football players before plyometric training
at the first training in the first week of plyometric training program (third week of preparation
camp) and the last training of week 8 in the training area under hygienic conditions by two
experienced nurses in order to find out the effect of plyometric training with additional
weights on muscle damage. The blood samples taken were sent to Kahramanmaras Siitcii
Imam University Faculty of Medicine, Biochemistry Laboratory and were analysed. CK-
CKMB activity was analysed in serums obtained from centrifuged blood with Roche
Diagnostic kit in Integra (800-Roche) biochemistry device.

Statistical analysis
In the analysis of the research data, the arithmetic means and standard deviations (SD)

of the pre-test and post-test values of the Additional Weighted Group (EAG), Unweighted
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Group (AG) and Control Groups (KG) were calculated. According to the normality test, the
Paired Sample T-Test was used for the data showing normal distribution. The level of
significance was determined as p < 0.05. All analyzes were performed using the IBM SPSS
Statistics 20.

Protocol

As per the experimental protocol, all football players in the study were applied a
training program including previously determined standard football technique and tactics for
6 days a week. After the second week of preparation period, in addition to standard football
training program, plyometric training program was applied to the first experimental group
(additional weight group) by using additional weight of 1% of body weight, and to the second
experimental group (no-weight group) without using any additional weight. The program was
designed as 1 day and 20 minutes a week for 8 weeks. The third group (Control group) was
applied only the standard football training program (Table 1).

Considering the recovery period, plyometric training was terminated at least three
days before games. In the first week training, barrier height and height in all jumping
movements did not exceed 15 cm. From the third week of the preparation period to the end of
the 10th week, 3 complementary movements were determined and applied from a total of 14
basic movements (Table 2) each week (2 days in a week during preparation period and 1 day

in a week during competition period).

Tablel.Study design of the groups AWG; Additional Weight Group, NWG; No weight group, CG; Control group,

Design Groups
Group / Number of footballers ~ Experimental Group Experimental Experimental
1 (AWG)/ Group 2 (NWG)/ Group 3 (CG)/
n=12 n=12 n=12
Number of weekly trainings 6 days 6 days 6 days
gg;’;ﬁfgg?;ﬁg%g(sec) 20 min / 1:10sec 20 min/ 1:10sec -
Plyometrictraining Weeks 3-11 Weeks 3-11 _
Physical pre-tests/Post- first and twelfth first and twelfth first and twelfth
tests(Week) weeks weeks weeks
PhysicalperformancePre- first and twelfth first and twelfth first and twelfth
tests/Post-tests (Week) weeks weeks weeks

Blood valuesPre-tests/ Post-

first and twelfth

first and twelfth

first and twelfth
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tests (Week) weeks weeks weeks
The design of 8-week Plyometric training program was developed by the researcher.

Plyometric Training Program

Plyometric Training Program to be applied to the football players was applied starting
from the third week of the preparation period, for two days a week with two days of interval
during the preparation period, during the competition period (considering the recovery periods
of the football players), three days before competition, one day per week, immediately after
warm up and before the main period. Starting from the third week of the preparation period,
the players were asked to complete the program with sprint movements with distances

varying between 2 and 6 meters.

Design of the Study

All football players in the study were applied a training program including previously
determined standard football technique and tactics for 6 days a week in a total of 36 weeks
during a season, including preparations and interval camps. Plyometric training program,
which was to be applied to the first experimental group (additional weight group) by using
additional weight of 1% of body weight and to the second experimental group (no-weight
group) without using additional weight within the traditionalf football training program to be
applied after the preparation period, was designed as 1 day and 20 minutes a week for 10
weeks. The third group (Control group) was applied only the traditionalf football technical
training program (Table 1).

Considering the recovery period, plyometric training was terminated at least three
days before games. In the first week training, barrier height and height in all jumping
movements did not exceed 15 cm. For 10 weeks from the third week of the preparation period
to the end of the 8th week, 3 complementary movements were determined from a total of 14
basic movements (Table 2), in every training which would include plyometric exercises, the
barrier heights used for these movements and the intensity of movements were continued by

increasing the intensity with predetermined rates.
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Testers
Sit up test

It is a system which requires the athlete to cover the same distance in less time with
periodical intervals against time within a distance of 20 meters. It starts with the signal sound;
the speed between the sets, which is slow at the beginning, continues by increasing every 10
seconds. The participants who moved from the starting point with the sound of the stimulus
reached the finish with the sound of the second stimulus and went back to the starting point
with the third stimulus sound. The athlete who could not reach the start and finish line with

the stimulus sound twice in a row in this spiral was eliminated from the test (Tamer, 2000).

Yo-Yo Intermittent Recovery Test

It is used to determine the capacity of football players to repeat high intensity runs in
relation to the maximal participation of the aerobic system (Bangsbo et al., 2008).It is
grouped in two as 1 and 2 according to the degree of difficulty. Yoyol is a test that requires
higher effort than yoyo2. It is one of the important physical tests in determining athletes’
aerobic capacity. There is a 5 second rest break with certain second intervals at the end of 20
m and at 5 meter rest area for a short time. It is a system which requires the athlete to cover
the same distance in less time with periodical intervals against time within a distance of 20
meters. It starts with the signal sound; the participant needs to be at 20 m. before the signal

sound. Otherwise, the test is terminated (Krustrup et al., 2003).

Vertical Jump Test

Jump meter was used to measure and collect data during the test. The belt of the jump
meter is fitted to the waist of the players and players were asked to jump three times. Best
scores were recorded. The first measure was taken in the second week of the preparation

period while the last measure was at the end of week eight (Miller, 2012).

Horizontal Jump Test

Athletes jump behind the marked line on the floor with two feet to the farthest point
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they can reach with all their strength. The last contact point while jumping and the last point

of contact are measured in meter as distance (Miller, 2012).

Flexibility Test

The upper surface of the sit and reach box, which has a length of 35 cm, width of 45
cm, height of 32 cm with an upper surface length of 55 cm and width of 45 cm, is 15 cm
further than the surface on which the feet rest. 0-50 cm measurement ruler is indicated with 5
cm parallel line intervals on the upper surface. After the athletes warm up, they sit with their
bare feet soles under the 15 cm shorter part of the test table and they reach forward and reach
forward as far as possible with the hands in front of the body without bending the knees. The

best of the two attempts is determined in cm.

10 m, 20 m, 30 m Sprint Test

The test battery developed to measure the speed performance of football players
includes players’ passing a distance of 10.20.30 meters with the fastest speed by spending
maximum effort. During the trials, the photocell was placed at meters 0 and 10,20,30. The
athlete started 1 m behind the photocell. The athlete’s values at the end of meters 10, 20 and
30 were recorded. The best of the two trials was evaluated. Reliability coefficient was found

as o = .74 for 30 m sprint.

Mlinois Agility Test

The limits were determined with funnels placed on the corners of the area with a width
of 5 meters and a length of 10 meters where the test would be performed and the athletes’
departures and returns were directed with arrows drawn on the floor. The area where the test
would be performed was divided in two longitudinal parts. Four funnels with a distance of 3.3
meters were placed on the mid line. The athletes started the test from one meter behind the
photocell when they felt ready, two trails were performed by taking rest and recovery into

consideration, the best result was evaluated (Kizilet et al., 2010).
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Dribbling with ball and slalom test

The athletes dribbled between 5 slalom rods placed one meter apart starting from a
distance of 1 meter from the starting point. Two trials were made for each leg. Four minutes
of breaks were given between the trials. The time used for a trial was recorded by the
electronic photocell placed at the beginning of the setup. When the subject lost the ball, the
test continued until two successful trials were completed. The average of two successful trials

was evaluated (Haaland & Hoff, 2003).

Body Fat Percentage Measurement
Body fat percentage of the football players was measured with an electronic scale

(Tanita TBF 300 Body Analysis Device, Japan) with a precision of 0.1 kilogram (kg).

Body Mass Index
Body Mass Index of the football players was measured with an electronic scale (Tanita

TBF 300 Body Analysis Device, Japan) with a precision of 0.1 kilogram (kg).

Table 2. Plyometric Exercises

Landing Technique; Free fall on the ground with double feet from 15 cm. Box

Tuck Jumps; Pulling feet to chest by jumping with two feet

Split squat Jumps; Jumping up, landing

Ankle hops; Straight up, repetitive jumping without bending the legs

Side hops over barrier; Jumping left and right with double feet over 15 cm barrier

One legged side over barrier; Jumping left with one foot over 15 cm barrier

Standing long jump; Jumping forward and away by standing with two feet

Standing long jump lateral Sprint; Jumping forward and away by standing with two feet, 3m.

Sprint to the right with fall

Standing long jump lateral Sprint; Jumping forward and away by standing with two feet, 3m.

Sprint to the right with fall

10  Standing long jump with barrier jump; Jumping forward and away by standing with two feet,
climbing over 45 cm barrier

11 One leg bounding; Bounding right, left and forward with one foot

12 Lateral bounding; Bounding with one foot from 15 cm. long 7 barriers standing with intervals
of 30 cm

13 Drop froze; Landing from 45 cm barrier and standing on double toes for 1-2 seconds

14 Standing triple jump over barrier jump; Long step forward, passing over 45 cm. barrier to the
other side without touching(https://www.youtube.com/,2020).

0[N [N ||| |—

e}

415



Editor: University of A Corufia. A Corufia. Spain

Revista Técnico-Cientifica del Deporte Escolar, ISSN-e 2386-8333
Educacién Fisica y Psicomotricidad
E-mail: sportis.journal@ude.es Web: https://revistas.udc.es

G commons QDS O

Scientific Technical Journal of School Sport,
Physical Education and Psychomotricity

Articulo Original. The effects of plyometric training with additional weight applied to football athletes-students
on some physical and physiological features and chronic muscle damage. Vol. 7, n.° 3; p. 405-424, septiembre
2021. https://doi.org/10.17979/sportis.2021.7.3.8579

Table 3. 8-week Plyometric Training Program Applied

Season Week/day Plyomfttric Set Numl.)c.:r of Rest between
Exercises repetitions sets (sec)
1
2

g 4 3 6 1:5
2 2 3 8 1:7
= 1 3 6 1:5
3 2 4 3 6 15
2 6 3 8 1:7

= Yt
R= £ 5 3 8 17

8 =
- z 6 3 8 1:7
2 2 5 3 8 1.7
£ e 3 3 10 1:8
& 4 % 5 3 10 1:8
A 2 1 3 10 1:8
2 8 3 10 1:8

=
& 8 3 12 1:10
2 9 3 12 1:10
= 10 3 12 1:10
5 = 6 3 12 1:10
bz 7 3 12 1:10
E 14 3 12 1:10

H
12 3 12 1:10
6 10 3 12 1:10
8 3 12 1:10
9 3 12 1:10
3 7 10 3 12 1:10
5 11 3 12 1:10
= 11 3 12 1:10
2 8 9 3 12 1:10
g 10 3 12 1:10
g 9 3 12 1:10
O 9 10 3 12 1:10
14 3 12 1:10
13 3 12 1:10
10 10 3 12 1:10
9 3 12 1:10

This program was developed by the researcher. Days of the week were shown as

coded:Tuesday:1; Thursday;2;

Results
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As per table 4, when pre test and post test results of the players are compared, NWG
players have demonstrated the most development (Pre; 88,25+ 10,95, Post; 94,00 + 12,24).
Additionally, NWG players have also demonstrated the most development according to
pretest and posttest results of Yoyo2 (Pre; 40,25% + 5,44, Post; 42,58+ 4,88).

When both groups’ protest and posttest results of 10m sprint ( Pre; 1,70+ 0,07, Post;
1,66°+0,07) and 20m sprint tests ( Pre; 2,87°+ 0,18, Post; 2,83+ 0,17) were compared, the most
development was demonstrated by AWG players. As per the 30m sprint (Pre; 4,18+ 0,05 Post;
4,12+ 0,06) and right foot dribbling (Pre; 11,97+ 1,46 Post; 11,05+ 1,17) pre-test and post-test
comparison, the most development was demonstrated by NWG. According to the pre-test and
post-test results of left foot dribbling (Pre; 11,10°+ 1,57  Post; 10,40°+ 0,88), AWG was the group
demonstrating the most development. As per the analysis of other test results, no significant

difference was found between pre-test and post-test results of vertical jump, flexibility,

horizontal jump, Illinois agility, BMI, body fat percentage tests (p>0.05).

Table 4. Anova/Tukey Analysis results for Physical performance "Pre and Post Test"

AWG NWG CG
Measure F+s F+s s F P
Variable
n=12 n=12 n=12
Sit-up Pre-test 91.25* + 14.07 88.25*+£10.95 72.25°+9.39 9.241 0.001*
Post-test 95.50*+16.11 94.00* +12.24 71.58°+8.46 13.422 0.000%*
Yoyo2 Pre-test 43.00*+ 4.47 40.25* £5.44 32.50°+10.56 6.620 0.004*
Post-test 44162 +2.79 42.58* +4.88 32.41°+£9.98 11.132 0.000*
Pre-test 25.20° +£3.77 23.58° +£2.46 24.25° £ 1.60 1.043 0.362
Flexibility ~ Post-test 2558°+3.53 2379264 24.00° + 1.65 1.555 0.226
Vertical jump  Pre-test 2.77*+£0.13 2.65%® £ 0.11 2.59° £ 0.11 6.742 0.004*
tests Post-test 2,78 +£0.12 2.68% +0.11 2.59*+0.12 6.971 6.744
Horizontal Pre-test 2.58" £ 0.09 2.57° £0.06 2.57°+0.08 0.101 0.900
jump tests Post-test 2.60° +0.09 2.57° +£0.05 2.58* +0.09 0.343 0.711
. Pre-test 1.70° £ 0.07 1.68° £ 0.07 1.82¢+0.07 11.814 0.000%**
10 m. sprint
Post-test 1.66 +0.07 1.67° £0.06 1.822 £ 0.07 18.521 0.000%**
20 m. sprint Pre-test 2.87°+0.18 2.96* +0.10 2.90+0.13 1.072 0.352
Post-test 2.83*+0.17 2.93* +0.08 2.91°+0.13 1.801 0.032%*
. Pre-test 4.09° + 0.09 4.18*+0.05 4.18* £0.09 4.425 0.020%*
30 m. sprint ] )
Post-test 4.05°+0.10 4.12% £ 0.06 4.19* £0.08 7.346 0.002%*
Right foot Pre-test 10.92%+1.97 11.97® + 1.46 12.532+0.63 3.751 0.034%*
dribbling Post-test 10.65° + 1.68 11.05° £ 1.17 12.41* +0.70 6.467 0.004*
Left foot Pre-test 11.10° £ 1.57 12.80° +£3.04 13.72°+£0.94 0.981 0.383
dribbling Post-test 10.40° + 0.88 10.84° +1.19 13.532 +0.91 33.892 0.000%*
Mllinois Pre-test 17.04% + 0.96 16.55" £ 0.62 16.46" £ 0.94 1.605 0.216
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agility Post-test 16.23 + 0.67 15.87° +0.61 16.39° +0.75 1.847 0.174
BMI Pre-test 24.18>+2.80 22.49° +2.75 23.90° +3,78 0.992 0.381
Post-test 23.71°+2.70 22.49° +2.80 23.90°+3.78 0.711 0.496
Body fat Pre-test 7.57°+3.10 5.86° +2.93 7.95° +6.08 0.803 0.455
percentage Post-test 6.37°+2.78 6.77° +2.88 7.95% + 6.08 0.454 0.636
Values of additional weight (AWG), No-weight (NWG) and Control groups (CG), Pre; Pre- -test , Post;Post--
test ,

In the comparison of pre-test and post-test values of plyometric training program data
of additional weight, no-weight and control groups, no significant difference was found

between pre and post-tests and groups (p>0.05) (Table 5),

Table 5. ANOVA Analysis results for blood value variables of additional weight group

AWG NWG CG
Variables Measure g X+s X+s F p
ment
n=12 n=12 n=12
LDH Pre-test 165,66 * 24,60 169,75 + 40,85 144,00 = 37,26 1,883 0,168
Post-test 167,66 +23,91 174,33 £39,12 145,16 £27,98 2,913 0,681
CK Pre-test 178,41 £111,47 229,00 £155,25 13191 +£73,22 2,026 0,148
Post-test 188,58 £ 167,91 24233 £193,67 130,91 + 73,28 1,572 0,223
(AWG), No-weight group (NWG) and Control groups (CG), Pre; Pre- test , Post;Post-test
Discussion

The aim of this study is to investigate the effects of plyometric training with additional
weights on some physical and physiological characteristics and chronic muscle damage of
football sports students.

In the present study, of the 36 football players between 19 and 28 years of age playing
in Local Amateur League , significant increases were found in the pre-training and post-
training values, anaerobic strength and vertical jump tests of additional weight group (n=12)
and no-weight group (n=12), while significant decreases were found in sprint tests with and
withoutball, BMI and fat % values. Based on these results, it can be said that a significant part
of the physical performance values mentioned above are developed more especially in
football players who have plyometric training with additional weight.

In a study conducted with 26 male athletes, Rimmer & Sleivert (2000) stated that 8-
week long plyometric exercises had a statistically positive effect on 40 m sprint performance

In a study conducted with 25 male athletes,In their studies, Gollii (2006); Kurt(2011) found a
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statistically significant difference in the sprint values of quick strength and plyometric
training and stated that this difference was in the form of a “decrease” (in other words,
improvement).In a study conducted by Cigerci (2017) on young basketball players, it was
concluded that 10 m sprint times of the subjects showed significant improvement in both
water and land group and there was no difference in the control group.

As a result of the study, it was found that there were no significant increases in the
blood tests, CK and LDH values of additional weight, no-weight and control groups; there
were no significant changes in the muscle damage of football players who were trained with
additional weight that was 1% of their own weight (n=12) and also their physical performance
developed more when compared with the other groups.

It is stated in studies in the literature that the increase in CK and LDH levels in blood
is accepted as muscle damage finding and it is expected to return to normal level within 48
and 72 hours after training (Brancaccio et al., 2007)

In addition to training and competition intensity, CK as normal value differs from
person to person; the reason for this may be the fact that the permeability of muscle cells to
enzymes differs between individuals. Since the muscle damage that occurs in fast-contracting
muscle fibres is higher than the damage in slow-contracting muscle fibres and this brings to
mind that the increase in CK amount may be associated with muscle fibre distribution
(Knitter et al. 2000).

It can be said that the inclusion of plyometric training with additional weight in
football training programs will help reaching more effective results in terms of performance,
and it will be useful for trainers to include these in the training program in accordance with
the football player’s age, the content of training and the existing training period (preparation,
competition period or transition period).

It can be said that performing additional weight plyometric trainings regularly will be
more effective in branches in which speed, agility, promptness, jumping, anaerobic strength
and aerobic strength are in the foreground when compared with the other programs.

It can be thought that the results of the present study may be a guide for studies

examining how much of the amount of weight used will cause muscle damage in plyometric
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trainings with additional weight.

Based on the results of the present study, it can be said that in male football players
who are insufficient in terms of sprint, vertical jump, anaerobic strength and aerobic strength,
speed and agility can show improvement on the issues they are insufficient by using
additional weight plyometric training exercises.

It is observed in this study that after the trainings with additional weight that is 1% of
their body weight, not only player’s physical performance has increased but also no muscle
defect symptoms were observed. This study which was applied on amateur student players,
can also be applied on sportsman from different branches (Basketball, volleyball etc.) and to
the players those are performing in professional leagues. Plyometric studies can be used to
develop performance if similar results are found. Increase in physical performance can be
monitored with used different amounts of additional weight and muscle defect symptoms can

be observed.
Referencias bibliograficas

Armstrong, R. & Greig M. (2018). The Functional Movement Screen and modified Star
Excursion Balance Test as predictors of T-test agility performance in university rugby
union and netball players. Physical Therapy in Sport; 31: 15-21.
https://doi.org/10.1016/].ptsp.2018.01.003

Bailey, D.M., Erith, S. J., & Griffin, P.J.(2007). Influence of cold-water immersion on indices
of muscle damage following prolonged intermittent shuttle running. Journal of Sports

Sciences; 25(11): 1163-1170. https://doi.org/10.1080/02640410600982659

Brancaccio, P., Maffulli, N. & Limongelli, EM. (2007). Creatine kinase monitoring in sport
medicine. British Medical Bulletin;81-82:209-230.https://doi.org/10.1093/bmb/ldm014
Buckthorpe, M., Wright, S., BruceLow, S., Nanni, G., Sturdy, T., Gross, A.S., Gimpel, M. (20

19). Recommendations for hamstring injury prevention in elite football: Translating
research into practice. British Journal of  Sports Medicine, 53(7).

https://doi.org/10.1136/bjsports-2018-099616

Cigerci, A.E. (2017).The effects of aquatic and land pliometric trainings with additional load

420



Editor: University of A Corufia. A Corufia. Spain

Revista Técnico-Cientifica del Deporte Escolar, I88N-e 2386-8333
Educacién Fisica y Psicomotricidad
E-mail: sportis.journal@udec.es 'Web: https://revistas.udc.es

N Creative
0) Commons

Scientific Technical Journal of School Sport,
Physical Education and Psychomotricity

Articulo Original. The effects of plyometric training with additional weight applied to football athletes-students
on some physical and physiological features and chronic muscle damage. Vol. 7, n.° 3; p. 405-424, septiembre
2021. https://doi.org/10.17979/sportis.2021.7.3.8579

on some physical and physiological features of 15-17 age group basketball players.Gazi
University Institute Of Health Sciences Department. PhD Thesis .Ankara: Gazi
University.

De Hoyo, M., Gonzalo-Skok, O., Sanudo, B., Carrascal, C., Plaza-Armas, J. R., Camacho-
Candil, F. & Otero-Esquina, C.(2016). Comparative effects of in-season full-back squat,
resisted sprint training, and plyometric training on explosive performance in U-19 elite
soccer players. J. Strength Cond. Res. 30, 368-377. DOI:
https://doi.org/10.1519/JSC.0000000000001094

Eratli Sirin, Y , Metin, M , Bilir, F . (2020). Ethical leadership and ethical climate perceptions

of sporters: A study on the amateur football leagues of Kahramanmaras, 3(1),75-85.
Retrieved from https://dergipark.org.tr/en/pub/jopem/issue/55109/746142
Dias,S.S., Weber,M.G., Padoin,S., Avacir,C.A., Jussiani,E.I.& Ramos,S.P. (2021). Circulating

Concentration of Chemical Elements During Exercise-Induced Muscle Damage and the
Repeated Bout Effect. Biological Trace Element Research.DOLI:
https://doi.org/10.1007/s12011-021-02737-8

Ekstrand, J., Spreco, A., Windt, J., & Khan, K. M. (2020). Are elite soccer teams’ preseason

training sessions associated with fewer in-season injuries? A 15-year analysis from the
union of European football associations (UEFA) elite club injury study. The American

Journal of Sports Medicine, 1-7. https://doi.org/10. 1177/0363546519899359

Eniseler, N. (2010). Football in the Light of Science. 1st Edition, Izmir: United printing,s.62.

Eryilmaz, S.K., Aslankeser, Z., Ozdemir, C., Ozgunen, K. & Kurdak, S.(2019). The effect of
30-m repeated sprint exercise on muscle damage indicators, serum insulin-like growth
factor-I and cortisol. Biomed Hum  Kinet. 2019; 11(1): 151- 157.
DOI:https://doi.org/10.2478/bhk-2019-0021

Gabbe, B., Finch, C., & Wajswelner, H. (2002). Australian foot-ball: injury profile at the
community level. J Sci Med Sport Jun; 5 (2): 149—60.DOI: 10.1016/s1440-2440(02)80036-
6

Gollii, G. (2006). Effects Of 2 Month Plyometric Or Plyometric And Extensive Interval
Exercises Together On Pyhsiologic Parameters Of 14- 16 Age Boy And Girl Basketball

421



Editor: University of A Corufia. A Corufia. Spain

Revista Técnico-Cientifica del Deporte Escolar, I88N-e 2386-8333
Educacién Fisica y Psicomotricidad
E-mail: sportis.journal@udec.es 'Web: https://revistas.udc.es

N Creative
0) Commons

Scientific Technical Journal of School Sport,
Physical Education and Psychomotricity

Articulo Original. The effects of plyometric training with additional weight applied to football athletes-students
on some physical and physiological features and chronic muscle damage. Vol. 7, n.° 3; p. 405-424, septiembre
2021. https://doi.org/10.17979/sportis.2021.7.3.8579

Players, Osmangazi University, Institute of Health Sciences, MSc Thesis. Eskisehir:
Osmangazi University.

Greig, M. &Naylor, J. (2017). The efficacy of angle-matched isokinetic knee flexor and
extensor strength parameters in predicting agility test performance. International journal
of sports physical therapy; 12,(5): 728-736.PMID: 29181250;
DOI:10.26603/ijspt20170728.

Haaland, E. &Hoff, J. (2003). Non-Dominant Leg Training Improves the Bilateral Motor

Performance of Soccer Players. Scandinavian Journal of Medicine Science in Sports; 13:
179-184.DOI:https://doi.org/10.1034/j.1600-0838.2003.00296.x.
https://www.youtube.com/watch?v=HD40gP4tNtE 30.03.2020.

Hyldahl, R.D., & Hubal, M.J. (2014): Lengthening our perspective: morphological, cellular,
and molecular responses to eccentric exercise. Muscle Nerve, 49(2), 155-

170.https://doi.org/10.1002/mus.24077

laia, EM., Rampinini E. &Bangsbo, J. (2009). High-intensity training in football. Int J Sports
Physiol Perform; 4: 291-306.DOI:https://doi.org/10.1123/ijspp.4.3.291

Kizilet, A., Atilan, O. &Erdemir 1. (2010). The Effect Of The Different Strength Training On
Quickness And Jumping Abilities Of Basketball Players Between 12 And 14 Age
Group,Atabesbd;12(2):44-57 .Retrieved from

https://dergipark.org.tr/tr/pub/ataunibesyo/issue/28837 /308544

Knitter, A.E., Panton, L.& Rathmacher, J.A. (2000). Effects of b-hydroxymethylbuty rate on

muscle damage after a prolonged run. Journal of Applied Physiology. 89:1340-1344.
DOI: https://doi.org/10.1152/jappl.2000.89.4.1340.
Krustrup, P., Mohr, M., Amstrup, T., Rysgaard,T,, Johansen,J.& Bangsbo, J.(2003). The yo-

yo intermittent recovery test: physiological response, reliability and validity. Medicine
&Science in Sports & Exercise; 35(4): 697-705. DOI:
10.1249/01.MSS.0000058441.94520.32.

Kiiciik, V.&Taraker S. (2018). The Effects of Hight-Intensity Small-Sided Games on Different

Physiological Characteristics and Motor Skills of Professional Football Players
According to Their Positions. Eurasian Research in Sport Science ERISS; 3(1):32-

422



Editor: University of A Corufia. A Corufia. Spain

Revista Técnico-Cientifica del Deporte Escolar, IS8N-e 2386-8333
Educacién Fisica y Psicomotricidad
E-mail: sportis.journal@udec.es 'Web: https://revistas.udc.es

N Creative
O] Commons

Scientific Technical Journal of School Sport,
Physical Education and Psychomotricity

Articulo Original. The effects of plyometric training with additional weight applied to football athletes-students
on some physical and physiological features and chronic muscle damage. Vol. 7, n.° 3; p. 405-424, septiembre
2021. https://doi.org/10.17979/sportis.2021.7.3.8579

42.DOI:10.22396/ERISS.2018.34

Kurt, 1. (2011). The effect of eight week plyometric training anaerobik power speed and
soccer ball speed on the soccer players. Ondokuz Mayis University, Institute of Health
Sciences. MSc Thesis Samsun: Ondokuz Mayis University.

LaStayo, C.P., Woolf, M.J. &Lewek, D.M (2003). Eccentric muscle contractions: their
contribution to injury, prevention, rehabilitation and sport. Journal of Orthopaedic
Sports Physical Therapy 2003; 33:557-571.DOLI:
https://doi.org/10.2519/jospt.2003.33.10.557.

Lovering, R.M., McMillan, A.B., & Gullapali, R.P. (2009): Location of myofiber damage in

skeletal muscle after lengthening contractions. Muscle Nerve, 40, 589-594.
https://doi.org/10.1002/mus.21389.
Mann, J.B., Ivey, P.A.,Mayhew, J.L.,Schumacher, R.M. &Brechue, W.F. (2016). Relationship

Between Agility Tests and Short Sprints: Reliability and Smallest Worthwhile Difference

in National Collegiate Athletic Association Division-I Football Players. The Journal of

Strength and Conditioning Research; 30(4):893-900.DOI:10.1519/JSC.0000000000001329.
Miller, T. (2012). NSCA’s guide to tests and assessments. Champaign, IL: Human Kinetic.

Paul, D.J, Gabbett, T.J.& Nassis, G.P. (2016). Agility in team sports: testing, training and
factors affecting performance. Sports Medicine; 46(3): 421-
442.DOI: https://doi.org/10.1007/s40279-015-0428-2

Paulsen, G., Mikkelsen, U.R., Raastad, T. &Peake, J.M. (2012). Leucocytes, cytokines and

satellite cells: what role do they play in muscle damage and regeneration following

eccentric exercise? Exerc Immunol Rev; 18: 42-97 PMID: 22876722

Pfirrmann, D., Herbst, M., Ingelfinger, P., Simon, P., & Tug, S. (2016). Analysis of injury
incidences in male professional adult and elite youth soccer players: A systematic review.

Journal of Athletic Training, 51(5), 410-424.DOI:10.4085/1062-6050-51.6.03

Pojskic, H., Pagaduan, J., Uzicanin, E., Separovic, V., Spasic, M., Foretic, N., & Sekulic, D.
(2019). Reliability, Validity And Usefulness Of A New Response Time Test For Agility-
Based Sports: A Simple Vs. Complex Motor Task. Journal of Sports Science & Medicine,
18(4), 623—635. PMID: 31827346.

423



Editor: University of A Corufia. A Corufia. Spain

Revista Técnico-Cientifica del Deporte Escolar, I88N-e 2386-8333
Educacién Fisica y Psicomotricidad
E-mail: sportis.journal@udec.es 'Web: https://revistas.udc.es

N Creative
0) Commons

Scientific Technical Journal of School Sport,
Physical Education and Psychomotricity

Articulo Original. The effects of plyometric training with additional weight applied to football athletes-students
on some physical and physiological features and chronic muscle damage. Vol. 7, n.° 3; p. 405-424, septiembre
2021. https://doi.org/10.17979/sportis.2021.7.3.8579

Prien, A., Grafe, A., Rossler, R., Junge, A. & Verhagen, E.(2018). Epidemiology of head
injuries focusing on concussions in team contact sports: a systematic review. Sports

Med. ;48:953-969.DOI:10.1007/s40279-017-0854-4.

Rimmer, E.& Sleivert,G. (2000) Effects of a Plyometrics Intervention Program on Sprint
Performance, Journal of Strength and Conditioning Research; 14: 295-—

301.DOI:10.1519/1533-4287(2000)014<0295:EOAPIP>2.0.CO;2.

Istvan Rydsa J., van den &Tillaar., R. (2020) The acute effect of wearable resistance load and
placement upon change of direction performance in soccer players. PLoS ONE 15(11):

€0242493. https://doi.org/10.1371/journal.pone.0242493

Sramek, P., Simeckova, M. &Jansky, L. (2000). Human physiological responses to immersion
into water of different temperatures. Eur J Appl Physiol, 81(5): 436—442.
DOI:https://doi.org/10.1007/s004210050065

Tamer, K. (2000). Measurement and Evaluation of Physical-Physiological Performance in
Sports, Ankara, Bagirgan Publisher.

Twist, C. &Roger, G.E. (2005). The effects of exercise-induced muscle damage on maximal
intensity intermittent exercise performance. European Journal of Applied Physiology; 94:
652-658.DOI:https://doi.org/10.1007/s00421-005-1357-9

Vogler, J. H., Csiernik, A. J., Yorgey, M. K., Harrison, J. J., & Games, K. E. (2017). Clinician-

Friendly Physical Performance Tests for the Hip, Ankle, and Foot. Journal of athletic
training, 52(9), 861-862.DOL:https://doi.org/10.4085/1062-6050-52.7.07
Yepes, M.M., Moras, G.,Bishop, C.& Gonzalo-Skok, O..J. (2020). Assessing the Reliability

and Validity of Agility Testing in Team Sports: A Systematic Review. Morral-Journal of
Strength and Conditioning Research:Yepes Strength Cond Res. Sep 3.
https://doi.org/10.1519/js¢.0000000000003753

Zemkova, E. (2016). Differential contribution of reaction time and movement velocity to the
agility performance reflects sport-specific demands. Human Movement; 17(2): 94-

101 .https://doi.org/10.1515/humo-2016-0013

424



